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EXECUTIVE SUMMARY

ES.1.1 Introduction

The Comox Valley Regional District (CVRD) owns and operates the regional conveyance and treatment
system for domestic wastewater, serving the City of Courtenay, Town of Comox, K'6moks First Nation
(K'6moks), and the Department of National Defense facilities, along with providing septage receiving for
the rural Comox Valley Regional District electoral areas. Wastewater from these communities is conveyed
to the Comox Valley Water Pollution Control Centre (CVYWPCC) where it undergoes secondary treatment
before discharge into the Salish Sea. The submerged outfall pipe extends a distance of 2,825 metres (m)
from the shore near Cape Lazo and terminates at a depth of 60 m below the water surface at low tide in
the Strait of Georgia.

In June 2018, CVRD initiated a Liquid Waste Management Plan (LWMP) which functions as a regulatory
document under the Environmental Management Act and the Municipal Wastewater Regulation (MWR) in
three stages:

= Stage 1 - Identification of baseline and alternative options.
= Stage 2 - Development of preferred strategy and solution.

= Stage 3 - Detailing costs and implementation plan.

This collaborative process is guided by Technical and Public Advisory Committees and through public
engagement, allows the community to balance strategies for environmental protection and fiscal
management of the service. To date, the Stage 2 reporting is complete and the Site Master Plan
supplements and supports the Stage 3 LWMP reporting. The Site Master Plan establishes future upgrade
requirements and associated costs for the CVWPCC.

The CVWPCC was originally constructed in the early 1980s, with several expansions into the present. Many
of the processes and equipment at the plant are either at, or approaching the end of their service life, and
require additional study or replacement to address aging infrastructure and provide environmental
resilience through the 2060 planning horizon.

This Site Master Plan builds on previous LWMP stages and incorporates recent studies, updated
population and load forecasts, condition assessments, and regulatory requirements to define a roadmap
for modernization and expansion of the CYWPCC. It aims to maximize the useful life of existing
infrastructure while futureproofing the CVWPCC through scalable, sustainable, and cost-effective
infrastructure improvements in a phased approach to support community needs.
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ES.1.2 Projected Flows and Loads

The CVWPCC currently services multiple areas and jurisdictions, including:
= City of Courtenay.
= Town of Comox.

= Department of National Defence (Canadian Forces Base [CFB] Comox and His Majesty's Canadian
Ship [HMCS] Quadra).

= K'6bmoks First Nation.
Wastewater from each of these jurisdictions is conveyed to the CVWPCC by way of gravity pipes, pump

stations, and force mains. The CVRD-owned infrastructure for transmission of wastewater from service
areas to the CVWPCC and effluent to the outfall is shown in Figure ES.1.
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Figure ES.1 Comox Valley Sewerage System

A review and analysis of service population projections considered the following:
= Bill 44 (Housing Statutes [Residential Development] Amendment Act).
= CVRD Housing Needs Assessment.

= Planned expansion to include the South Sewer Service area.
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The average growth rate to year 2060 for the revised population projections is 1.85 percent compared to
1.77 percent for the LWMP population projections. Driven by the above noted considerations, the revised
population projections are used to project future flows and loads (Figure ES.2).
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Figure ES.2 Comparison of Revised Total CVWPCC Service Population Projections with LWMP Estimates

The design per capita wastewater generation rates, wet weather peaking factors and projected influent
flows were established based on recorded historical data. Since 2020, the CVWPCC has been recording
flow measurements at five-minute intervals. This data was used to revise the wet weather peaking factors.

The influent flow is characterized by high peak flows through the autumn-to-spring period when rainfall
events are common. During the dry summer periods, influent wastewater flows are lower and more
constant in comparison, reflecting the lower inflow and infiltration. At the CYWPCC, peak hourly flow
(PHF) can increase more than four-fold compared to the average dry weather flow (ADWF).

The wastewater influent flow projections to the CVWPCC to year 2060 are summarized in Table ES.1 and
reflect the historical peak flow characteristics developed in this section and service population projection
estimates. Table ES.2 presents projected raw wastewater five-day biochemical oxygen demand (BOD:s),
total suspended solids (TSS), and total Kjeldahl nitrogen (TKN) loading to the CVWPCC.
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Table ES.1  Flow Projections from 2024 to 2060
‘2024 ‘2030 ‘2035 ‘2040 ‘2045 |2050 ‘2055 ‘2060

Projected Service Population 49,471 160,070 (66,788 71,017 79,279 |85,084 89,274 94,308
ADWEF (m3/d) 12,368 15,017 (16,697 17,754 19,820 21,271 22,319 23,577
ADF (m3/d) 16,184 19,651 21,849 23,233 25935 |27,835 |29,205 | 30,852
MMF (m3/d) 24,735 30,034 33,392 35507 39,638 42,540 44,635 47,152
MDF (m3/d) 40,048 148,628 (54,066 57,490 64,178 |68,878 |72,270 76,344
PHF() (m3/d) 50,724 61,591 68,479 72,815 81286 87,239 91,535 96,696

Maximum Instantaneous Flow((m®d) 55,888 67,862 75451 80,229 89,562 96,120 100,854 | 106,540

Maximum Instantaneous Flow (L/s) | 647 785 873 929 1,037 1113 1167 1,233

ADF - average daily flow; L/s - litres per second; m3/d - cubic metres per day; MDF - maximum day flow; MMF - maximum month
flow

Table ES.2  Projected Influent Wastewater Flow and Organic Loading for the CYWPCC
2024 2030 [2035 (2040 |2045 |2050 2055|2060

Service Population Projection 49,471 160,070 (66,788 71,017 |79,279 85,084 89,274 94,308
BODs Loading (kg/d)

Average Annual 3,859 4685 5209 5539 (6,184 6,637 6963 7,356
Maximum Month 5016 6,091 6,772 7,201 8,039 8628 9,052 9,563
TSS Loading (kg/d)

Average Annual 4007 4,866 5410 5752 6422 6892 7231 7,639
Maximum Month 6,131 7444 8277 8801 9,825 10,544 11,064 | 11,688

kg/d - kilograms per day

ES.1.3 Future Upgrade Pathway Weather Treatment Evaluation

Several options were reviewed to determine the future upgrade pathway for the CYWPCC. During wet
weather events, inflow and infiltration (I/1) to the wastewater collection system dilutes the raw wastewater.
The current volume of wet weather, in excess of biological treatment capacity is relatively small at the
CVWPCC. Based on measured hourly data from 2020 to 2024, the total volume of influent flow greater
than two times the ADWF (i.e., the assumed maximum biological treatment capacity) has been less

than 2.4 percent of the total influent volume.

To address I/l challenges, high-rate systems that treat the diluted wastewater in excess of the biological
capacity can be used, as they require less infrastructure, and thus can be cost efficient compared to
treating the entire wet weather flow through the secondary process. In addition, a coagulant and/or
polymer can be added to screened raw wastewater entering the primary clarifiers to improve settling and
thereby increasing hydraulic capacity. An assessment of three options was completed with an associated
projected capital expenditure.

= Baseline: Conventional treatment upgrade based on primary clarifiers, bioreactors and secondary
clarifiers.

= Option 1: Conventional treatment upgrade with chemically enhanced primary treatment (CEPT) in
primary clarification.
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= Option 2: Wet weather treatment upgrade with year-round tertiary filtration and CEPT in primary
clarification.

The wet weather treatment (Option 2) was selected, which includes the installation of tertiary filtration for
year-round use and use of CEPT for the primary clarifiers during wet weather events which allow these
units to meet the same performance criteria as conventional primary clarifiers. This option also provides
other improvements including:

= Ultraviolet (UV) Disinfection Performance: The addition of a tertiary filter to support the wet
weather treatment auxiliary train improves the performance of the new UV disinfection system,
currently planned for the Phase 4 Upgrades.

= Reclaimed Water: Filtration also provides the opportunity for expanded effluent reuse under the
Greater Exposure Potential category defined in the MWR which could include irrigation of landscaping
and greywater (i.e. toilets), and potentially off-site use in the future, if demand materializes.

* Improved Effluent Quality and Operational Resiliency: Since tertiary filtration provides a physical
barrier, the process can reduce any solids carry-over and provide enhanced effluent quality.

= Extension of Useful Life of Facility: The wet weather flow options, when compared to the baseline
option, requires fewer concrete tanks (two fewer secondary clarifiers and one less primary clarifier)
while maintaining regulatory requirements to the 2060 planning horizon. By reserving the limited
space available at the current site, the facility can continue to accommodate population growth within
the existing property lines well beyond the 2060 planning horizon.

ES.1.4 Future Pathway Upgrades

The future pathway upgrade provides a strategic foundation to meet the CVWPPC's needs for the 2060
planning horizon. The Site Master Plan considers a condition assessment of existing assets, an evaluation
of resource recovery options, and major liquids and solids treatment train requirements for the wet
weather treatment pathway.

ES.1.4.1 Condition Assessment

A site condition assessment was conducted for major process mechanical systems and associated
concrete condition. With the original facility constructed in 1982, several medium- and high-priority items
were identified that require near-term intervention due to their function within the treatment train,
advanced age, or non-compliance with safety or process standards.

= Several process mechanical systems, such as clarifier mechanisms and pumps, are nearing the end of
their service life or require upgrades. Additionally, the headworks and grit removal equipment are
aging and in need of renewal.

= Structural retrofits to the Operations, Grit and Blower Building (a.k.a. the Administration Building).

=  Electrical, instrumentation, and supervisory control and data acquisition systems show vulnerabilities
and need modernization. Electrical main distribution, motor control centres, and electrical distribution
in the pipe gallery are main points to be addressed.

= The Administration Building requires functional and safety enhancements, and a seismic retrofit to
provide resiliency.
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= A greenhouse gas (GHG) emissions inventory indicates opportunities for energy efficiency and
emissions reduction through resource recovery options to meet CVRD’s commitment for carbon
neutrality as a signatory to the British Columbia (BC) Climate Action Charter.

= Treatment performance has generally met existing permit requirements, however improvements are
needed to meet projected loads and regulatory changes.

ES.1.4.2 Resource Recovery Options

Resource recovery options were identified as part of the Phase 1 and 2 LWMP and as part of this Site
Master Plan. A cost-benefit analysis was completed to inform specific commitments within the Phase 3
LWMP and the Site Master Plan. Three resource recovery options were reviewed:

= Reclaimed Water: The use of reclaimed water (treated plant effluent water) was evaluated for onsite
water demands that are currently met with potable water purchased from the CVRD, with standards
set out in MWR 87. Several reclaimed water uses for tank filling, cleaning process equipment or pump
seal water make up a significant portion of the water demand at the CVWPCC. Installation of an
effluent water system with pumps to these process areas would off-set the costs of potable water
purchase, decrease stress on local water supply, and could facilitate a pilot project for sale of
reclaimed water for off-site users.

= Heat Recovery: Effluent water can also be used as a renewable source of energy and its thermal
limits are suitable for heat recovery. This approach has become increasingly more common at
wastewater treatment facilities. The current facility utilizes natural gas fired boilers to supply hot water
loops to several buildings on-site. A heat pump could be installed onsite and integrated into the
existing system, with the existing boiler system maintained as a back-up system.

= Biosolids Management: Currently, the thickened and dewatered waste sludge is hauled to a
composting facility, and it is sold to the local community as Class A compost called SkyRocket, which
is used as composting feedstock. The compost market is a sustainable strategy and helps offset the
operating cost of the composting facility but is highly dependent on the availability of the local
market to purchase compost. Several biosolids management options were reviewed such as anaerobic
digestion, thermal drying, and pyrolysis. These options provide opportunities for resource recovery
with potential to generate biogas for energy and heat recovery; however, the smaller size of the
CVWPCC facility does not provide a strong economic basis for implementation. The current method
of composting is an excellent resource recovery option and should be continued. If, in the foreseeable
future, regulations require discontinuation of the composting process due to stringent per- and
polyfluoroalkyl substances (PFAS) limits, at such time, alternatives such as thermal drying followed by
pyrolysis may need to be evaluated in more detail.

ES.1.4.3 Phased Implementation Plan

The Site Master Plan outlines a comprehensive, phased strategy for infrastructure investment and includes
the following.

ES.1.4.3.1 Liquids Treatment Train

The liquids treatment train consists of influent screening and grit removal, primary clarification,
bioreactors, secondary clarification, and discharge to the ocean via the effluent chamber and outfall. The
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capacity evaluation of the existing liquids treatment train considered the rated and effective capacity of
each unit, informed by stress testing performed in 2024 and 2025 at the CYWPCC, the projected flows
through 2060, and design criteria informed by literature. Phased increased capacity needs were informed
by MWR criteria requirements.

= Headworks: The existing headworks equipment (screening and grit removal) has reached the end of
useful life and new infrastructure is required. The existing process of degritting influent and primary
sludge is performing well, and need for a new grit facility at the new headworks may not be necessary
within the Phase 4 upgrades. Nevertheless, the new headworks is being designed to accommodate a
HeadCell unit should future needs arise. The existing grit equipment still requires replacement and
upgrades for the future buildout. The new headworks facility considers flow projections, operational
flexibility, and consideration for future buildout tie-ins (such as a new grit facility) and is
recommended in the Phase 4 (2030) upgrades.

=  Primary Clarifiers: Primary clarifier needs were based on CEPT use for flows above two times ADWF
as part of the wet weather flow (WWF) treatment upgrade pathway. The addition of CEPT increases
the performance of a conventional primary clarifier. With CEPT operation, a fourth Primary Clarifier D
will be required by year 2040 and a fifth Primary Clarifier E will be required by 2060.

= Bioreactors: As the service population grows, the associated organic loading on the bioreactors also
increases. The current complement of three bioreactor trains is projected to reach capacity by 2045
when a fourth bioreactor is required. The new, fourth Bioreactor D, will need to be constructed on the
north side of the Administration Building. The available hydraulic grade may not be sufficient to
convey primary effluent to the new bioreactor, and a low-head pump may be required. New blowers
will be phased in to replace end-of-life units and support future air demands.

= Secondary Clarifiers: Secondary clarifier upgrade requirements under this option are driven by both
hydraulic and solids loading. With the WWF treatment upgrade, the need for secondary clarifier
capacity is deferred. A fourth secondary clarifier is required by year 2045. A fifth secondary clarifier is
not required within the 2060 planning horizon.

= Outfall and Effluent Pumping Station: The existing effluent outfall was part of the 1982 original
construction and is now over 40 years old. The outfall capacity has been identified as a concern
during high tide and peak influent flow scenarios; it is recommended to provide additional capacity
by 2030. A condition assessment was performed on the existing outfall confirming its useful lifespan
can be extended by approximately 10 years with a modest pressure increase using pumps to convey
effluent from the CYWPCC under high tide flows. This option necessitates a retrofit of the existing
effluent pumping station located within the existing effluent storage basin.

ES.1.4.3.2 Hydraulic Grade Line

A hydraulic grade line (HGL) was prepared for the PHF and ADWF based on the proposed implementation
plan. Several conservative assumptions were included to provide additional flexibility for the CVWPCC
expansion in the future, such as considering the potential of a new grit facility to be co-located near the
new Headworks Building. The HGL identified several hydraulic constraints based on the future 2060
buildout and projected flows. It is recommended that the following modifications be addressed within the
Phase 4 scope:

= Removal of the Parshall flume in the existing effluent chamber and provision of effluent flow metering
elsewhere.
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= [Increasing the influent line diameter into the CVWPCC to 900 millimetres.

ES.1.4.3.3 Solids Processing and Handling

The CVWPCC generates two types of sludge through its conventional activated sludge treatment process:
primary sludge from primary clarification and waste activated sludge from secondary biological treatment.
These solids are thickened, blended, and dewatered onsite prior to being hauled to a composting facility.
The capacity evaluation of the existing solids processing/handling infrastructure considered the rated and
effective capacity of each unit, projected sludge loads through 2060 based on population growth
projections, and redundancy and system resilience. In lieu of specific MWR redundancy criteria,
industry-standard redundancy requirements were applied and considered alongside operational
considerations and performance, presented in Table ES.3.

Table ES.3  Solids Processing and Handling Upgrades

Process Unit ‘ Process ‘ Recommendation
Gravity Thickener | TPS = Provide third gravity thickener in 2045.
DAF TWAS = Provide third additional DAF in 2045.
TPS Tank Storage of TPS prior to dewatering. = Provide second TPS storage tank in 2045.

= Provide potential third TPS storage tank in 2060.
TWAS Tank Storage to TWAS prior to dewatering. = Provide second TWAS storage tank in 2045
Dewatering Dewatering of TPS and TWAS prior to = Provide higher capacity centrifuges by 2045.
Centrifuges transfer to composting facility.

DAF - dissolved air flotation; TPS - thickened primary sludge; TWAS - thickened waste activated sludge

ES.1.4.3.4 Odour Control

The odour control system was initially installed in phases: Scrubber No. 1 was installed in 1997, an
activated carbon unit for polishing was installed in 2018, and Scrubber No. 2 installed in 2021.
Identification of new additional odour air sources that require treatment informed the necessary
upgrades. The additional odour air sources within the Phase 4 (2030) upgrades do not exceed the existing
treatment capacity and minor modifications are required to integrate the new sources. Both Scrubber

No. 1 and Scrubber No. 2 will reach end-of-useful-life in 2040 and 2060 respectively, and at that time
should be replaced with a higher capacity scrubber to accommodate future build-out. Ongoing
maintenance and media replacement will sustain system performance.

ES.1.4.3.5 Site-Wide Electrical Modernization

Much of the main distribution and electrical infrastructure has been identified as end-of-useful life with
minimal availability of spare parts and equipment support, and require a complete overhaul to address
health, safety and regulatory concerns. The site-wide electrical infrastructure upgrades begin in Phase 4
(2030) and continue through subsequent phases aligned with process equipment upgrades:

Phase 4 (2030):
= Qutdoor service entrance upgrade to a primary service, with a new generator and automatic transfer
switch.

= Upgrade and expansion of main electrical room (in the Operations, Grit, and Blower Building)
distribution and motor control centre (MCC) equipment. Diversification of distribution (i.e., splitting

COMOX VALLEY REGIONAL DISTRICT
MASTER PLAN FINALIZATION AND DETAILED DESIGN PHASE 4 UPGRADES ES-8



SITE MASTER PLAN
FINAL / JANUARY 2026 / CAROLLO

loads among various electrical equipment) will be included for new equipment to allow operational
flexibility for maintenance activities.

= Replacement of MCCs A, B, and C and Effluent MCC with new A/B distribution.
Phase 5 (2040) - MCC-G replacement related to odour control equipment upgrades.

Phase 6 (2045) - MCC-D, MCC-H, and MCC-E replacement associated with thickening, DAF, and
centrifuge upgrades, respectively.

ES.1.4.3.6 Operations, Grit and Blower Building

The Operations, Grit and Blower Building (also referred to as the Administration Building) was originally
constructed in 1982 and consists of an underground pipe gallery housing significant process mechanical
equipment, main electrical distribution, blower room, mechanical rooms, workshop space, grit room
adjacent to the existing screening room, a laboratory, and office space for staff and visitors.

=  Seismic Improvements: A seismic assessment was completed to identify modifications to this
structure to confirm the existing building can continue to be used for critical infrastructure. Seismic
retrofits were identified and recommended to meet British Columbia Building Code 24 post-disaster
objectives. The existing building requires updates to continue use for current and future operations of
critical infrastructure.

= Staff Facility Retrofits: An operational needs assessment was completed based on the 2060 buildout
and defined a proposed configuration of additional washrooms, showers, locker rooms, lunchrooms
and office spaces to suit the recommended future staffing requirements. The retrofit includes an
expansion of space in addition to renovation of existing, and an outdoor covered storage space.

ES.1.4.3.7 Greenhouse Gas Inventory Mitigation

CVRD is a signatory to the BC Climate Action Charter, which included a commitment to achieve carbon
neutrality in corporate operations, which includes the CVWPCC facility. CVRD's target is to reduce
corporate GHG emissions by 50 percent below 2019 corporate emissions by 2030 and achieving carbon
neutral operations by 2050. At the CYWPCC, GHG emissions are monitored annually by the CVRD through
its Energy and Emissions Departmental Work Plan. As the facility continues to expand and modernize,
quantifying current GHG performance provides a baseline for assessing future improvements, identifying
reduction opportunities, and supporting broader climate action goals. Opportunities for resource recovery
can be implemented to mitigate GHGs. These opportunities can be implemented at any phase; however,
provisions for future elements can be included in the Phase 4 upgrades.

ES.1.4.3.8 Phased Implementation Plan

A summary of the major components categorized in liquids, solids odour control, and site-wide electrical
upgrades is provided in Table ES.4. The associated opinion of capital cost for each phase is presented in
Table ES.5. The estimate is Class D (+50% accuracy) based on conceptual design and includes direct
construction costs, indirect costs, general contractor overhead and profit, owner's costs, engineering
services, and a 30% contingency to account for project uncertainties at this stage. Detailed cost
breakdowns by discipline and phase are provided in Appendix N.
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Table ES.4 Phased Implementation Plan

Upgrades ‘ Liquids Odourous Air Site Electrical
Phase 4 = New Headworks. = Minor = Main distribution retrofit.
(2030) = Operations, Grit and Blower Building Retrofit. modifications o« pipg gallery retrofits (distribution, voltage
existing odour and MCCs)
= CEPT. '
control system. - e eplace MCCs A, B, and C with A/B
= Bioreactor Improvements. = Administration distpribution. it
= Mixed Liquor Suspended Solids Splitter Building Heating,
Chamber. Ventilation, Air Replace effluent MCC.
= Tertiary Filtration. Conditioning = Service entrance equipment upgrade.
o i Renovations. = G |
= UV Disinfection. enerator replacement.
= Effluent Pumping Station Retrofit.
= New Blowers (2).
= Return Activated Sludge Pump A Replacement.
= Service Air Compressors.
= Service Water System (Reclaimed Water).
Phase 5 = Fourth Primary Clarifier D. = DAF Polymer Automation. ' = Replace = Replace MCC-G with MCC-GA and
(2040) »  Potential Tertiary Filtration Expansion. Scrubber No. 1 MCC-GB (for scrubber equipment).
= Diural Equalization atend-otlife. 4 Consider MCC-E replacement if condition
deteriorates.
Phase 6 = Fourth Bioreactor D. = Third Gravity Thickener. = Replace MCC-D with MCC-DA and
(2045) '« Fourth Secondary Clarifier D. = Third DAF. MCC-DB for thickening equipment).
= Second TPS Storage Tank. = Replace MCC-H with MCC-HA and
MCC-HB (for DAF equipment).
= Second TWAS Storage ] o
Tank. = Replace MCC-E with A/B distribution (for
, centrifuge upgrades) if not done earlier.
= Centrifuge upgrades.
Phase 7 = Fifth Primary Clarifier E. = Potential Third TPS = Replace
(2060) Storage Tank. Scrubber No. 2
at end-of-life.
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Table ES.5 Opinion of Probable Capital Cost Summary

Year | Direct Indirect | Total Direct + | Total Total Budget Inflation-
Cost Indirect Cost | Construction Project (2025%$)3 Adjusted Cost*
Cost' Cost?

Bioreactor 2025 $04M S0 $0.4 M $0.4 M $0.5 M $0.6 M $0.6 M
Improvement
Phase 4 2030 $525M $6.6 M $59.1 M $68.0 M $77.1M $100.3 M $113.4 M
Phase 5 2040 $11.7M $12M $12.9M $14.8M $16.8 M $21.9M $31.7M
Phase 6 2045 $29.6M | $3.7M $33.3M $38.3M $43.4M $56.5 M $92.5M
Phase 7 2060 $11.9M $12M $13.2M $152 M $17.2M $224M $53.1 M
Notes:

1. Total Construction Cost = Total Direct + Indirect Cost + General Contractor Overhead, Profit & Risk (15-20%). Indirect
costs include bonding and insurance, survey layout and project record documentation, temporary utilities, lighting,
structures and facilities, mobilization and demobilization, operation and maintenance manuals, record drawings, general
contractor overhead, owner’s costs, engineering services, and contingency.

2. Total Project Cost = Total Construction Cost + Owner’s Costs (1.5%) + Engineering Services (12%).

3. Budget (2025%) = Total Project Cost + Contingency (30%).

4. Inflation Rate = 2.5%.

All costs in Canadian dollars. Detailed cost breakdowns by discipline are provided in Appendix N.

ES.1.5 Recommendations

The Site Master Plan forms the basis of design for plant expansion and to develop an efficient site layout
for long-term phased upgrades to optimize existing assets and space, including opportunities for resource
recovery. The revised population growth projection is the major driver of liquids and solids treatment
trains which informs the supporting odour control treatment upgrades, new process units and trains, and
opportunities to prepare for emerging concerns and regulatory changes and GHG mitigation strategies.

The following recommendations are based on the completion of the updated Site Master Plan, providing
a phased implementation plan for CVRD:

*  Proceed with Stage 3 of the LWMP process which focuses on implementing the phased
implementation plan provided, including continuation of the public and stakeholder engagement
process.

=  Continue monitoring of actual population growth, flows and loads against projections, including
developing and evaluating measures for volume reduction and source control programs.

= Perform recommended and necessary site-specific assessments and studies ahead of phased
upgrades to further evaluate options, including drafting of proposed Operational Certificate updates,
based on the phased implementation plan.

= Identify and secure funding sources through grants, utility revenues and infrastructure programs
where possible.

= Consider replacing the existing primary equalization basin with a purpose-built diurnal equalization
basin to improve treatment performance in the future when needed or at the time of replacement of
the existing basin liner.
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secton1 INTRODUCTION

1.1 Background

This Site Master Plan has been prepared for the Comox Valley Regional District (CVRD) to guide the
long-term planning and phased delivery of upgrades at the Comox Valley Water Pollution Control Centre
(CVWPCC). The CVWPCC serves as the central wastewater treatment facility for the Comox Valley
Sewerage Service (CVSS) area, which includes the City of Courtenay, Town of Comox, Canadian Forces
Base (CFB) Comox, His Majesty’s Canadian Ship (HMCS) Quadra, and K'dmoks. Operated by CVRD, the
facility has provided reliable service to the region for decades and has undergone multiple expansions to
accommodate population growth, enhance environmental performance, and align with evolving
regulatory requirements.

The Site Master Plan builds upon the work completed under Stages 1 and 2 of the LWMP, which were
finalized in 2022. These earlier stages:

= I|dentified a preferred conveyance solution to replace the aging Willemar Bluffs force main.

= Recommended preferred level of treatment and upgrades for the CVWPCC, including provision of
secondary treatment for all flows and adding disinfection.

= Reviewed treatment strategies to support resource recovery options, including the use of reclaimed
water.

= Established a participatory planning and consultation process with the public, rights holders, and
stakeholders.

The current Site Master Plan builds upon the foundation established by earlier phases of the LWMP,
incorporating updated population projections, refined flow and loading forecasts, and a comprehensive
assessment of existing facility capacity, infrastructure condition, and regulatory obligations. This Site
Master Plan reflects the CVRD's commitment to forward-looking, adaptive infrastructure planning so that
wastewater treatment services continue to protect public health, safeguard the receiving environments,
and support sustainable community growth through to 2060.

Key drivers for the Site Master Plan include:

= Population growth and infill development stimulated by provincial housing legislation (for example,
Bill 44).

= The planned South Sewer Service Extension to Royston, Union Bay, and surrounding areas.

= Anticipated revisions to effluent discharge limits under the BC Municipal Wastewater Regulation
(MWR) and federal Wastewater Systems Effluent Regulations (WSER).

* The need for cost-effective, resilient infrastructure to manage peak wet weather flows.

= Increasing awareness of emerging contaminants and regulatory uncertainty that may shape future
treatment standards and biosolids practices.
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1.2 Objective

The objective of this Site Master Plan is to define a clear and implementable path forward for expanding
and modernizing the CVWPCC. It identifies priority upgrades, evaluates optimization opportunities, and
develops a phased investment plan that aligns with the CVRD's long-range service objectives. In addition,
this Site Master Plan outlines strategies to mitigate risks, enhance operational flexibility, and help to guide
the futureproofing of the facility in response to anticipated regulatory and environmental changes.

Subsequent sections of this report present the technical basis for the recommended upgrades, including
flow and load projections, regulatory context, existing facility performance and condition assessments,
treatment performance modeling, opportunities for resource recovery, and defining a basis for the future
upgrade pathway. The Site Master Plan concludes with integrated recommendations for phased upgrades
and cost estimate for the planning horizon, permitting, delivery consideration, and issues of emerging
concern and planning for future uncertainty, providing the CVRD with a roadmap for long-term, scalable
wastewater service.

secrion2 INFLUENT FLOWS & LOADS AND SLUDGE
PRODUCTION

This section provides updated projections for service population, flow, and load, building on the
information presented in the Stage 2 LWMP report. The revised projections incorporate updated
population forecasts, influenced by the 2023 provincial housing legislation (Bill 44 - Housing Statutes
[Residential Development] Amendment Act), as well as historical data collected between 2020 and 2023.
Technical Memorandum (TM) 01 outlines the Methodology and Rationale for Flow and Loads Projections
and is provided in Appendix A. This section also presents the sludge production projection based on
BioWin™ modelling.

2.1 Existing Population and Population Growth

2.1.1 Existing and Future Comox Valley Sewerage Service Areas and
Population Growth

The CVSS area currently serves multiple jurisdictions, including the City of Courtenay, the Town of Comox,
the Department of National Defense (CFB Comox and HMCS Quadra), and KFN. Wastewater from these
areas is conveyed to the CVWPCC through a combination of gravity sewers, pump stations, and force
mains. The infrastructure used to transport wastewater from each service area to the CYWPCC and to
convey the treated effluent to the outfall, is owned by the CVRD and is illustrated in Figure 1.
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Figure 1 Comox Valley Sewerage System

Wastewater from eastern Courtenay and northern Comox flows through the Hudson and Greenwood
gravity trunks to the CFB Comox Pump Station, where it is pumped to the CYWPCC. Four additional pump
stations convey wastewater from other areas. The Courtenay Pump Station serves the City of Courtenay
and routes wastewater along Comox Road and Bayside Road before entering a foreshore alignment. This
force main continues north along Goose Spit and Willemar Bluffs before reaching the CVYWPCC. The KFN
pump station also discharges into the shared foreshore force main. The Comox Pump Station (Jane Place
Pump Station), which serves the Town of Comox, discharges into the same concrete force main used by
the Courtenay station, near the Colby Road Pump Station. The HMCS Quadra pump station also
discharges into the Town of Comox gravity system and is conveyed by the Town of Comox system.

To improve system reliability and accommodate future growth, the CVRD is currently implementing the
Comox Valley Sewer Conveyance Project. This multi-year construction initiative will replace existing
foreshore pipes and upgrade pump stations, rerouting the system further inland to reduce its vulnerability
to storm surges, ocean waves, and high tides. The project is expected to be completed in 2026 and will
result in the foreshore force main no longer being in service (shown in light blue within Figure 1).

Future growth of the CVSS will result from two main sources: the addition of new service areas in the
southern part of Electoral Area A, and ongoing development within existing service areas. The southern
region, which includes Royston, Union Bay, and surrounding neighbourhoods, currently relies on aging
and failing private septic systems that pose environmental and health risks. These failures have
implications for Baynes Sound, a region vital to BC's oyster industry. Over the past three decades, multiple
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studies have examined wastewater solutions for this region. A 2014 LWMP was paused in 2016, but in
2018 a new partnership was formed to manage wastewater in a more sustainable and regional manner.
This partnership seeks to connect the South Region to the existing CVSS infrastructure and assess the
impacts of additional flow on the system.

While the 2014 LWMP included preliminary population projections for the South Region, these figures
were not used for infrastructure planning. In 2023, the CVRD completed the South Sewer LWMP
Addendum Report, which provided updated projections for the communities of Royston, Gartley,
Kilmarnock, and Union Bay. These areas are expected to see development over the planning horizon of
the Site Master Plan, including phased construction of the Union Bay Estates project and development of
the K'6moks lands.

Infill growth within the existing sewer service area is expected to increase as a result of provincial housing
legislation introduced through Bill 44 - the Housing Statutes (Residential Development) Amendment Act,
2023. This legislation aims to improve housing affordability by amending zoning rules to permit up to four
units per lot, or up to six near transit, in most communities. It removes single-family zoning and
streamlines approvals for small-scale multi-unit housing by eliminating public hearings for developments
consistent with Official Community Plans. Bill 44 also requires local governments to update their
community plans every five years and to complete a housing needs assessment to align planning with
long-term growth projections.

Although Bill 44 does not yet apply to the electoral areas due to the absence of public sewer systems and
the presence of large minimum lot sizes, the new rules could apply in the future if sewer infrastructure is
expanded, such as through the South Sewer Extension. Over time, the legislation is expected to facilitate
infill development by reducing barriers to redeveloping existing lots and increasing density across the
region.

The CVRD's Housing Needs Report, developed in 2024 to meet the requirements of Bill 44, analyzes
population growth, demographic change, and housing challenges across the region. It identifies housing
gaps and future needs to guide local policy and planning decisions. The Comox Valley has experienced
significant population growth in recent years and is projected to grow by another 20 percent over the
next decade, driven by both organic growth and in-migration. Based on these trends and the anticipated
increase in housing supply under Bill 44, the 2023 Housing Needs Assessment established updated
population projections for the region. These projections form the basis for revised service population
estimates for the CYWPCC, which are presented in Section 2.2.

2.1.2  CWPCC Population Projections

Population projections for the CVWPCC service areas were initially developed during Stage 1 and 2 of the
LWMP based on estimated growth rates (L(WMP Stage 1 and 2, 2022). These projections have since been
updated to incorporate the findings of the Housing Needs Assessment and recent planning related to the
expansion of the service area to include the South Sewer Service. The revised projections will serve as the
basis for calculating wastewater loading to the CVWPCC and will inform the planning and design of future
facility upgrades.

A summary of the updated population projections for the CYWPCC service area—which includes the City
of Courtenay, Town of Comox, CFB Comox, KFN, and the South Sewer area—is provided in Table 1.
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Table 1 Revised Historical and Projected Population
Total,
City of South Sewer Design
Courtenay(" | CFB Comox(@ Service® Total® Basis(
2016 14,485 26,585 966 - - 42,036 42,036
2021 15,305 29,200 966 291 - 45,762 45,762
2022 15,603 30,220 966 295 - 47,083 47,083
2023 15,900 31,240 966 299 - 48,405 48,405
Projected Population
2024 16,163 32,040 966 303 - 49,472 49,472
2030 | 17,689 36,628 980 327 4,460 60,084 60,070
2035 19,740 40,260 993 349 5,473 66,815 66,788
2040 20,270 42,920 1,005 372 6,489 71,056 71,017
2045 21,995 46,525 1,018 397 9,396 79,331 79,279
2050 22,920 48,470 1,031 423 12,305 85,149 85,084
2055 | 24,245 50,825 1,044 451 12,787 89,352 89,274
2060 | 25,570 54,020 1,056 482 13,270 94,398 94,308

Notes: Data does not account for blending population centres, nor does it account for potential reductions in infiltration & inflow,

which may overestimate and underestimate influent flows, respectively.

(1) Population projection for Comox and the City of Courtenay are derived from the 2023 Housing Needs Assessment Report.

(2) Population projection for CFB Comox assumed to be 0.25% per year. The impact of this growth is reflected in this final
version of this Site Master Plan. The design basis for the balance of the report uses a static population of 966 for CFB
Comox through to the year 2060; considering the scale of this change, process impacts are known to be minimal.

(3) Population estimates for K’émoks First Nation are derived from 2021 Census data and projected, using a growth rate
of 1.3%.

(4) Population numbers for South Sewer Service are derived from Sewer Extension South Addendum Report. It is assumed
that the South Sewer System will be operational starting in 2030.

Figure 2 compares the service population estimates from LWMP Stage 2 with the updated population
projections. The revised projections indicate a higher service population for the CYWPCC by 2060:

94,308 compared to 91,081 in the original LWMP Stage 2 estimates. The updated projections also reflect
an average annual growth rate of 1.85 percent, slightly higher than the 1.77 percent used in the original
projections. These revised figures will be used to inform future flow and load projections for the CVWPCC.
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Figure 2 Comparison of Revised Total CVWPCC Service Population Projections with LWMP Estimates

2.2 CVWPCC Wastewater Flow and Load Projections

This section presents the historical influent wastewater flows and loads recorded at the CVWPCC. Using
this historical data, future flows and loads have been projected through the planning horizon of 2060.

2.2.1  Existing and Projected Influent Wastewater Flow

2.2.1.1 Existing Influent Wastewater Flow

Estimates of future influent flow and loading conditions at the CYVWPCC are essential to support the sizing
of major equipment upgrades and to guide overall facility planning. Design values are informed by the
population projections outlined in Section 2.1.2, along with historical flow and loading data collected at
the facility.

Per capita wastewater generation rates, wet weather peaking factors, and projected influent flows have
been updated based on the most recent data. The CVWPCC records total daily wastewater flow, and
historical data from 2013 to 2023 are shown in Figure 3. Since 2020, the facility has also been collecting
flow measurements at 5-minute intervals, allowing for refinement of wet weather peaking factors.

The influent flow pattern is characterized by significant peak flows during the wetter months from fall
through spring, when rainfall and infiltration are more common. During the drier summer months, influent
flows are relatively steady, reflecting reduced infiltration. Another notable trend observed in the data is
that average dry weather flows during the summer have remained relatively unchanged over the past

10 years, even though the service population has increased by approximately 22 percent over the same
period.
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As illustrated in Figure 3, the daily influent flow to the CVWPCC often exceeds the current permitted
maximum of 18,500 m?/d. This exceedance will be addressed through the forthcoming approval of LWMP
Stage 3, using the updated wastewater projections developed in this Site Master Plan and the anticipated
issuance of a revised Operational Certificate.
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Figure 3 Daily Flows at CVWPCC from 2013 to 2023

Table 2 summarizes the service population, measured flows, and per capita generation rates. Flow
characteristics were calculated following the same methodology used in LWMP Stage 2 and include:

=  Average Dry Weather Flow (ADWF): Minimum 30-day rolling average flow for the year.
= Average Daily Flow (ADF): Average flow during the year.

= Maximum Month Flow (MMF): Maximum 30-day rolling average flow for the year.

=  Maximum Day Flow (MDF): Maximum single-day flow in the year.

Table 2 Historical CVWPCC Influent Flows from 2013 to 2023

Sy Historical Flow (m3/d) Per Capita Generation Rate (L/capita/day)

Population MDF  |ADWF [ADF  |MMF
2013 39,714 12,113 13,249 14,978 121,225 305 334 377 534
2014 40,369 11,900 14,221 20,150 38462 295 352 499 953
2015 41,266 11,503 13,729 21,914 37,253 279 333 531 903
2016 42,354 11,506 15433 23,681 39,998 272 364 559 944
2017 42,962 11,709 14,316 19,706 34,965 273 333 459 814
2018 43,498 11,877 14,638 22,069 41,168 273 337 507 946
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S ~Historical Flow (m3/d) Per Capita Generation Rate (L/capita/day)

Population
2019 44,370 11,264 13,052 24,151 34,726 783
2020 44,796 11,656 14,105 23,563 34,851 260 315 526 778
2021 45,762 11,893 15,150 23,107 36,792 260 331 505 804
2022 47,083 11,788 14,460 24,737 36,535 250 307 525 776
Average 270 327 500 810
Value Selected for Design 250 327 500 810

To reflect observed conditions, updated peak hour and maximum instantaneous flow peaking factors
were developed using high-resolution flow data from 2020 to 2023. Appendix A presents the calculated
peaking factors of calculated peak hour factor (PHF) of 4.10 and peak instantaneous factor (PIF) of 4.53,
which were selected based on averaged measured values rather than outlier events, balancing design
conservatism with realistic projections.

2.2.1.2  Projected Influent Wastewater Flow

The wastewater influent flow projections for the CVWPCC to year 2060 are summarized in Table 3 and
reflect the historical peak flow characteristics developed in this section and service population projection
estimates.

Table 3 Flow Projections from 2024 to 2060

2024|2030 |2035 2040 |2045 |2050 |2085  |2060

Projected Service Population 49,471 160,070 66,788 |71,017 79,279 85,084 89,274 94,308
ADWEF (m3/d) 12,368 15,017 16,697 17,754 19,820 21271 22,319 23,577
ADF (m3/d) 16,184 119,651 21,849 123,233 25,935 27,835 29,205 30,852
MMF (mq/d) 24,735 30,034 33,392 35507 39,638 42,540 44,635 47,152
MDF (mq/d) 40,048 48,628 54,066 57,490 64,178 68,878 72,270 76,344
PHF() (m?3/d) 50,724 61,591 68,479 72,815 (81,286 87,239 91,535 96,696

Maximum Instantaneous Flow(") (m3/d) 55,888 |67,862 75451 80,229 89,562 96,120 100,854 106,540

Maximum Instantaneous Flow (L/s) 647 785 873 929 1,037 1,113 1,167 1,233

Notes:
(1) Peaking factors of 4.10 for PHF and 4.53 for maximum instantaneous flow were derived from Appendix A.
L/s - litres per second

2.2.2 Existing and Projected Wastewater Load

2.2.2.1  Existing Wastewater Load

CVWPCC measures only five-day biochemical oxygen demand (BODs) and total suspended solids (TSS).
TKN, which includes organic nitrogen and ammonia, has not been measured in influent at CVWPCC.
Historical influent BODs and TSS data from 2013 to 2019 were used in the original LWMP to estimate per
capita loadings at the CVWPCC. For this update, the dataset has been expanded to include measured
values from 2020 to 2023. These revised values inform updated projections for future organic and solids
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loading to the CVWPCC. A detailed analysis of historical BODs and TSS data is provided in Technical
Memorandum 1 (TM 01), attached as Appendix A.

2.2.2.2 Projected Wastewater Load

This section summarizes the projected raw wastewater influent loading to the plant. Key parameters
include BODs and TSS, which are standard indicators of wastewater strength. These projections inform the
sizing and long-term planning of treatment processes at the facility.

Average annual loading values for each constituent were calculated by multiplying the design per capita
generation rates (see Table 4) by the projected service population. Maximum month loadings were
derived using the peaking factors presented in Appendix A. While not all parameters are directly
measured on a continuous basis at the plant, a BioWin™ process model was used to supplement these
projections, reflecting site-specific conditions and current plant performance.

Table 4 summarizes the projected BODs, TSS, and TKN loadings to the CVWPCC. Additional details on the
development of these projections are provided in Technical Memorandum 1 (included in Appendix A).

Table 4 Projected Influent Wastewater Flow and Organic Loading for the CVWPCC

2024 [2030 [2035 [2040 |2045 2050  |2055  |2060
Service Population Projection 49471 160,070 66,788 71,017 79,279 85,084 89,274 94,308

BODs Loading (kg/d)

Average Annual 3,859 4,685 5,209 5,539 6,184 6,637 6,963 7,356
Maximum Month 5,016 6,091 6,772 7,201 8,039 8,628 9,052 9,563
TSS Loading (kg/d)

Average Annual 4,007 4,866 5,410 5,752 6,422 6,892 7,231 7,639
Maximum Month 6,131 7,444 8,277 8,801 9,825 10,544 11,064 | 11,688

2.3 CVWPCC Sludge Production Projection

2.3.1  Peaking Factor Assessment

2.3.1.1 Maximum Month Peaking Factor

A maximum month peaking factor of 1.3 was applied for sludge production estimates. This value is
supported by BOD loading trends at CVWPCC as presented in Table 5. In the absence of direct solids
measurement data, sludge production is assumed to follow similar seasonal peaking as influent loadings.

2.3.1.2  Maximum Week Peaking Factor

To determine a suitable maximum week peaking factor for sludge production, three approaches were
considered:

1. Historical BOD and TSS loading at CVWPCC (2020-2023).
2. Typical design standards (Metcalf & Eddy, 2014).

3. Observed factors from comparable facilities (e.g., City of Kamloops).
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The historical BOD peaking factor averaged 1.6 (excluding a 2021 outlier). TSS peaking factors ranged
unrealistically high (6.3 to 9.1), attributed to inconsistent solids sampling. Based on this review, 1.7 was
adopted as a conservative and defensible design value.

Approach One: Historical BOD and TSS Loadings at CVWPCC

Historical BOD and TSS data from 2020 through 2023 were analyzed to identify the maximum week
loading. The average annual BOD and TSS loadings have been taken from the Technical Memorandum on
Methodology and Rationale for Flow and Load Projections, November 22, 2024. Calculated BOD and TSS
loadings under maximum week, average annual, and maximum week conditions, as well as the
accompanying peaking factors, are summarized in Table 5.

The actual average maximum week BOD peaking factor was calculated at 1.9, which is higher than typical
peaking factors. After excluding the outlier value of 2.71 observed in 2021, the adjusted average
maximum week peaking factor for BOD is 1.6, which is typical. The maximum week TSS peaking factors
calculated for each year from 2020 through 2023 range from 6.3 to 9.1, which are higher than typical
peaking factors. These unrealistically high values could be explained by the inconsistency in TSS analysis
at CVWPCC. A maximum week TSS peaking factor of 1.6 should be used instead of the calculated values.

Table 5 Maximum Week BOD and TSS Loadings, Average Annual BOD and TSS Loadings, and Peaking Factor

BOD Maximum Week

Maximum Week BOD | Maximum Week | Average Annual | Average Annual |Peaking |Peaking factor for
(kg/d) TSS (kg/d) BOD (kg/d) TSS (kg/d) Factor TSS
2020 6,316 20,981 4,382 2,738 14 7.7
2021 7,589 13,870 2,793 2,198 - 6.3
2022 | 5,157 23,450 3,501 3,235 1.5 7.2
2023 6,984 25,636 3,593 2,817 1.9 9.1
Average | 1.6 7.6

Approach Two: Typical Design Standards

Metcalf and Eddy recommend a maximum week peaking factor of 1.6 for both BOD and TSS in small and
mid-sized treatment plants (4,000 to 40,000 m?/d) (Metcalf & Eddy, 2014). This guidance aligns well with
observed values at CYWPCC (BOD) and offers a conservative basis for design.

Approach Three: Comparable Facilities

At the City of Kamloops WWTP, a maximum week peaking factor of 1.66 has been observed. Given this
and the variability in CVWPCC's historical solids data, a slightly more conservative factor of 1.7 was
selected. This accounts for potential short-term surges while remaining grounded in real-world
operational benchmarks.

For planning purposes and infrastructure sizing, a maximum week peaking factor of 1.7 is adopted to
inform equipment capacity assessments and ensure robustness in future upgrades.
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2.3.2 Future Sludge Production

Based on the recommended mainstream treatment process upgrades, future solids production will
change; these are covered in detail in Error! Reference source not found.. These include:

= Installation of a tertiary filter will result in a relatively small filter backwash returned to the aerated grit
tank.

= Adoption of CEPT for increasing primary clarifier capacity under wet weather conditions will result in
an increased primary sludge production.

To account for the solids production due to changes in mainstream treatment upgrades, the calibrated
process model was used to project primary sludge, waste activated sludge and mixed sludge loading.

The process model used the flows and loads developed in Section 2 as inputs. For each scenario, the
influent COD was adjusted to reflect the mass flow of CBODs and TSS.

The maximum week loading scenario was adopted as one of the design criteria for sizing of sludge
processing facilities. In the absence of operating data which allows for an estimate of maximum week
loading criteria the CVPCC, a peaking factor of 1.7 was used for influent CBODs and TSS. For comparison,
Metcalf and Eddy (2014) recommend a maximum week peaking factor of 1.6 for both BOD and TSS in
small and mid-sized treatment plants (4,000 to 40,000 m?/d). In addition, the City of Kamloops wastewater
treatment plant which has a service population of approximately 95,000 people uses a maximum week
peaking factor of 1.66 for design, based on measured values.

Sludge production for both PS and WAS were estimated for the 2024 to 2060 planning horizon. The
modelling assumes that CEPT and tertiary filtration are incorporated into the process by year 2030 and
reflect the high rate of primary sludge production from year 2024 to 2030. After 2030, the sludge
production increase correlates to population growth. The resulting sludge production estimates form the
basis for assessing any capacity constraints for existing thickening, storage, and dewatering systems and
to identify phased upgrades to meet long-term needs. Detailed projections are summarized in Table 6.

Table 6 Existing and Future Sludge Production

Primary Sludge Waste Activated Sludge Total Thickened Sludge
Year . Average |Maximum | Maximum |Average |Maximum | Maximum |Average |Maximum | Maximum
(Population) |Annual [Month  |Week  |Annual Annual  |Month | Week
(kg/d) (kg/d) (kg/d) (kg/d) (kg/d) (kg/d) (kg/d)
2024 3,054 4,378 5,150 2,186 2,990 3,541 4,869 6,850 8,079
(49,472)
2030 4,089 6,078 7,127 2,498 3,594 4,239 6,133 9,313 10,586
(60,070)
2035 4,491 6,665 7,815 2,710 3,918 4,622 6,706 10,112 | 11,584
(66,788)
2040 4,893 7,252 8,504 2,923 4,243 5,005 7,279 10,911 12,583
(71,017)
2045 5,295 7,840 9,192 3,136 4,568 5,388 7,852 11,710 | 13,581
(79,279)
2050 5,696 8,427 9,880 3,348 4,892 5,771 8,425 12510 | 14,579
(85,084)
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‘ Primary Sludge ‘ Waste Activated Sludge ‘ Total Thickened Sludge

Year . Average |Maximum | Maximum | Average |Maximum | Maximum |Average |Maximum | Maximum
(Population)  |Annual |Month ~ |Week  |Annual |Month  |Week  |Annual |Month  |Week
(kgid)  |(kg/d)  [(kg/d)  |(kg/d) |(kg/d) |(kg/d) |(kg/d) |(kg/d) | (kg/d)

2055 6,098 9,014 10,568 | 3,561 5,217 6,154 8,998 13,309 15,578
(89,274)
2060 6,500 9,601 11,256 3,774 5,541 6,537 9,571 14,108 16,576
(94,308)

secions REGULATORY FRAMEWORK

Wastewater treatment plants in BC operate under a framework of federal and provincial regulations
designed to protect public health and the environment. At the provincial level, the Environmental
Management Act (EMA) is the primary legislation governing environmental protection. Under the EMA,
wastewater facilities must obtain authorization to discharge effluent into the environment.

At the federal level, the WSER, enacted under the Fisheries Act, establishes national standards for effluent
quality from municipal wastewater systems. These regulations are intended to protect aquatic ecosystems
by limiting the discharge of harmful substances into water bodies. WSER sets specific effluent limits for
BODs, TSS and acute toxicity.

Within BC, the MWR provides further detail on the design, construction, and operation of municipal
wastewater treatment systems. The WSER objectives have been harmonized with the MWR effluent
criteria. The MWR also specifies requirements for system redundancy, including critical equipment and
tankage, to support reliable system performance and environmental compliance.

3.1 Minimum Redundancy Requirements

The CVWPCC redundancy requirements for unit processes must comply with the MWR (BC

Regulation 87/2012). The MWR specifically mandates redundancy for liquid treatment units. However,
sludge handling unit processes are not covered by these redundancy requirements. As a result, plant
operations staff have flexibility in determining the level of redundancy to be provided for sludge systems,
based on operational needs and the overall robustness of the existing infrastructure.

The redundancy requirements for liquid treatment units and sludge handling and processing units are
discussed in the following sections.

3.1.1 Redundancy Requirement for Liquid Treatment Units

MWR (BC Regulation 87/2012) outlines the reliability (or redundancy) standards for wastewater facilities in
Part 3 - General Design and Construction Requirements. The regulation defines three reliability categories:

= Category | - Treatment works for reclaimed water or effluent that discharges to ground or water that
could be permanently or unacceptably damaged by effluent that is degraded in quality for a period of
even a few hours, including discharges near drinking water sources, shellfish waters or waters used for
contact sports.
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= Category Il - Treatment works that discharge to ground or water that would not be permanently or
unacceptably damaged by short term effluent degradation but would be damaged by continued
(several days) effluent quality degradation, including discharges to recreational land and waters.

= Category lll - Treatment works not otherwise designated as Category | or Il.

Since CVWPCC discharges the treated effluent in proximity to shellfish harvesting areas, failure of any
liquid treatment process, even for a short period, can significantly affect these areas. Thus, CVWPCC falls
into Reliability Category | under the MWR. The applicable reliability criteria for CYWPCC liquid streams are
presented in Table 7.

Table 7 Component and Reliability Requirements for Wastewater Facilities - Liquids Stream
‘ MWR (Part of Table 1 - Category I)
Treatment Required Available

Components System Maximum Capacity Backup Power Source
Degritting N/A N/A Optional
Primary Sedimentation Multiple Units2a 50% Yes

Aeration Basins Multiple Units2 75% Yes

Blowers or Multiple Units N/A Yes

Mechanical Aerators

Final Sedimentation Multiple Units2 75% Yes

Pumps Multiple Units 100% Yes

Effluent Pumping Multiple Units 100% Yes
Notes:

(1) The percent of maximum capacity must be available when the largest unit is out of service.

(2) Remaining capacity with the largest unit out of service: (a) 50% of the design maximum flow, or (b) 75% of the design
maximum flow.

(3) Redundancy criteria for screening or any other unit process will need to be developed as part of basis of design and
informed by risk.

N/A - not applicable

3.1.2  Redundancy Requirement for Sludge Handling and Processing Units

In case of failure or maintenance of sludge handling and processing units, solids can be managed without
adversely affecting the environment and public health. Thus, MWR does not specify the redundancy
requirement for sludge handling and processing units. However, it is recommended to provide
redundancy to manage the solids efficiently during the failure or maintenance of treatment units.
Therefore, after discussion with CVWPCC operation staff, the redundancy requirement was set for each
sludge handling and processing unit, based on operational needs and overall robustness of the existing
infrastructure. Table 8 presents the redundancy requirement for sludge handling and processing units.
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Table 8 Recommended Redundancy Criteria for Solids Handling Units
Required Available

Treatment Unit Treatment System | Capacity’ Design Maximum Flow

Gravity Thickener Multiple Units 75% Maximum Week PS Production

TPS Storage Tank Multiple Units Three-day storage capacity Maximum Week TPS Production

DAF Multiple Units 75% Maximum Week WAS Production

TWAS Storage Tank Multiple Units Three-day storage capacity ' Maximum Week TWAS Production
Dewatering Centrifuges | Multiple Units 75% Maximum Week Total Sludge Production
Notes:

(1) Capacity must be available when the largest unit is out of service.
PS - primary sludge; WAS - waste activated sludge

3.2 Final Effluent Quality Criteria and Approach for Disposal

CVWPCC is currently registered and authorized under Permit No. 5856, originally issued by the Ministry of
Environment and Climate Change (MoECC) Strategy in 1980. Under this permit, the CVWPCC is permitted
a maximum daily discharge volume of 18,500 m*/d and must meet effluent quality objectives of

45 milligrams per litre (mg/L) BODs and 60 mg/L TSS, on a maximum day basis. While the CVWPCC
consistently meets the effluent quality limits for BODs and TSS, it does not comply with the permitted
discharge volume and is currently discharging at a maximum rate under wet weather conditions of
approximately 40,000 m?/d. The CVRD will obtain an Operational Certificate (OC) under an approved
LWMP.

Under an LWMP, effluent discharges and reclaimed water use authorized under an approved OC do not
require registration under the MWR. However, the MoECC generally applies MWR standards when
establishing criteria for an OC. As such, the CVWPCC must continue to meet the MWR effluent discharge
standards. The CVWPCC discharges more than 50 m?/d to an open marine environment in
shellfish-bearing waters. For such discharges, the MWR establishes limits for BODs, fecal coliforms, and
acute toxicity.

Since the CYWPCC discharges more than 100 m?/d, it also needs to meet with effluent discharge criteria
set by the WSER. The WSER stipulates criteria for CBODs and TSS. Additionally, the WSER requires removal
of chlorine from treated effluent prior to discharge to receiving waters. As chlorine is not used for
disinfection at the CVWPCC, chlorine residuals are not present in the effluent. WSER also sets limits for
acute toxicity and un-ionized ammonia, which must also be met.
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Table 9 summarizes the effluent discharge criteria established in the LWMP Stage 1 and 2 report (WSP,
2022). The effluent objectives represent a harmonization of MWR and WSER standards.

Table 9 Effluent Discharge Criteria Set in LWMP

Parameter ‘ Objective
CBODs (mglL) Average Monthly < 25
Maximum Day < 45
TSS (mg/L) Average Monthly < 25

Maximum Day < 45
Total Residual Chlorine (mg/L) | Maximum Concentration < 0.02

Un-ionized Ammonia (mg/L) Maximum Concentration <1.25
Acute Toxicity Final effluent is not acutely lethal2
pH 6t09

Fecal Coliform (MPN/100 mL) <14/100 mL for shellfish protection and <200/100 mL for recreational use, both
measured at the edge of initial dilution zone

Notes:

(1) At151°C.

(2) As per WSER, “acutely lethal” effluent is defined as effluent that, at 100% concentration, causes the death of more than
50% of rainbow trout exposed to it over a 96-hour period.

°C - degrees Celsius; CBODs - five-day carbonaceous biochemical oxygen; mL - millilitres; MPN/100 mL - most probable number

per 100 millilitres

3.3 Future Regulatory Framework Considerations

3.3.1 Contaminants of Emerging Concern

Contaminants of emerging concern (CECs) refer to a broad group of chemical, biological and synthetic
substances that have been detected in natural water systems but are not commonly regulated or routinely
monitored. These contaminants may pose potential risks to human health and aquatic ecosystems due to
their persistence, bioaccumulative properties, or toxicological effects, despite often being present at trace
concentrations. CECs have attracted increasing attention from the scientific and regulatory communities
as analytical technologies have advanced, allowing for their detection at parts-per-trillion levels in surface
water, groundwater, and treated effluent. The CECs can be classified into different categories:

1. Antibiotic-Resistant Bacteria (ARB) and antibiotic-resistant genes (ARG): Microbial contaminants linked
to the growing global challenge of antimicrobial resistance.

2. Disinfection Byproducts (DBP): Secondary compounds formed during water disinfection processes,
some of which are carcinogenic or mutagenic.

3. Endocrine-Disrupting Chemicals (EDC): Compounds that interfere with hormonal systems, such as
bisphenol A (BPA) and certain synthetic estrogens.

4. Industrial Solvents and Chemicals: Including volatile organic compounds (VOC) and legacy pollutants
from manufacturing activities.

5. Microplastics and Nanomaterials: Including plastic fragments and engineered nanoparticles with
potential for bioaccumulation and cell toxicity.
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6. Per- and Polyfluoroalkyl Substances (PFAS): Highly persistent "forever chemicals" used in non-stick
coatings, firefighting foams, and textiles.

7. Pesticides and Herbicides: Particularly legacy and persistent compounds not entirely removed through
standard wastewater treatment.

8. Pharmaceuticals and Personal Care Products (PPCP): Antibiotics, analgesics, hormones, sunscreens,
and fragrances.

CECs originate from the use of chemical products in households, industries, and agriculture. These
substances can enter water sources and the food chain, ultimately reaching humans and animals.

3.3.2 Occurrence and Transport of CECs

The occurrence and transport of CECs is complex, stemming from widespread use in homes, agriculture,
and industry (Daughton and Ternes, 1999). PPCPs and EDCs are often excreted or washed down drains
and may pass through wastewater treatment plants (WWTP) largely unchanged (Halling-Sorensen et al.,
1998), contributing to the potential for endocrine disruption, behavioral changes, and other ecological
effects. These substances also accumulate in biosolids, which, when applied to land, can leach into
groundwater or reach surface waters via runoff.

Animal agriculture is another important source. Pharmaceuticals used in livestock and aquaculture are
excreted or applied topically, entering the environment through manure, urine, and runoff, especially
where waste management is lacking (Boxall et al.,, 2003). These pathways also contribute to the spread of
ARBs and ARGs in the environment.

CECs are now routinely detected in surface waters, but their diverse sources and behaviors make them
difficult to monitor and manage. While some are partially removed through sorption or biodegradation,
conventional WWTPs are not consistently effective (WSP, 2018). Certain compounds may also transform
during treatment, producing byproducts with unknown toxicity. In response, the water sector is
prioritizing research, source control strategies, and investment in advanced treatment technologies to
improve CECs management.

3.3.3  CECs Present in Municipal Wastewater

A summary of commonly found CECs in municipal wastewater is provided in Table 10.

Table 10 Commonly Found CECs in Wastewater

Class ‘ CECs ‘ Definition

PPCPs Acetaminophen | Pain reliever, fever reducer
Ibuprofen Anti-inflammatory drug
Ciprofloxacin Antibiotic
Triclosan Antimicrobial agent
DEHP Plasticizer in personal care products

Ethinylestradiol | Synthetic estrogen used in contraceptives
Pesticides and Herbicides | Glyphosate Herbicide used in agriculture
Atrazine Herbicide
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Class ‘ CECs ‘ Definition
EDC BPA Chemical in plastics and resins
Nonylphenol Surfactant in detergents and industrial products
PFAS PFAS Group of chemicals used in specific manufacturing processes, specialized
firefighting foams, and various consumer products such as water repellent
fabrics

DEHP - Di (2-ethylhexyl)phthalate

Among the various CECs present in wastewater, PFAS and microplastics are among the most persistent
and resistant to conventional treatment. As a result, they pose significant challenges for both wastewater
and biosolids management.

3.3.31  PFAS

PFAS are a group of synthetic compounds widely used in industrial and consumer products such as
firefighting foams, raincoats, non-stick cookware, and electronics. Their chemical stability makes them
highly resistant to heat, UV light, and biodegradation, which limits their removal during wastewater
treatment. PFAS typically enter WWTPs via consumer products, industrial discharges, and landfill leachate.
In some cases, effluent concentrations may exceed influent levels, potentially due to the transformation of
precursors and analytical limitations rather than a true increase. Partitioning between water and biosolids
varies based on compound-specific properties.

Because of their persistence and potential health concerns, including of elevated cholesterol, immune
suppression, cancer risk, and developmental effects, PFAS are listed as toxic under the Canadian
Environmental Protection Act (CEPA), enabling regulatory control over their manufacture, import, and use.
The Canadian Food Inspection Agency (CFIA) has set an interim limit of 50 micrograms per

kilogram (ug/kg) for perfluorooctane sulfonate (PFOS) in fertilizers. Health Canada has established
drinking water objectives for PFAS, and Environment and Climate Change Canada (ECCC) continues to
monitor their presence in water, soil, and biota.

3.3.3.2  Microplastics

Microplastics, ranging from 1 nanometre (nm) to 5 millimetres (mm), are another emerging environmental
concern. Influent concentrations in domestic wastewater typically range from approximately 50 to

1,000 particles per litre. Globally, major sources include textile fibres (approximately 35 percent) and tire
wear particles (around 28 percent), with additional contributions from personal care products and
synthetic fibres released during laundry. These materials are poorly captured by conventional wastewater
treatment processes.

Microplastics are widespread in the environment and can accumulate in aquatic ecosystems, potentially
entering the food chain. Their diverse physical and chemical properties influence their environmental
stability and raise concerns regarding their impact on both ecosystem and human health.

Microplastics often carry harmful additives (e.g., flame retardants, colorants) and adsorb other
contaminants, further amplifying risks to aquatic life and human health. Additionally, microplastics sorb
and transport other pollutants and pathogens, further increasing risks to aquatic life and human health.
While humans typically excrete over 90 percent of ingested microplastics (estimated to be over
100,000 particles through the air, food, and beverages), there is significant concern regarding the
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remaining particles, which can accumulate in organs like the colon and placenta. Chemicals from these
plastics, such as BPA, are known endocrine disruptors and pose additional health risks.

Although some removal of microplastic occurs during treatment, a significant portion of these particles
remain in the final effluent and biosolids, contributing to contamination of receiving waters and
agricultural soils. They are difficult to remove completely, and wastewater processes often fragment them
into nano plastics (particles between 1 micrometre [um] and 1 nm in size), which are even more
challenging to capture and more toxic due to their size and surface area. These particles are pervasive in
the environment and are increasingly recognized for their potential to accumulate in aquatic ecosystems,
where they can enter the food chain. Also, microplastics and nanoplastics are frequently detected in final
effluent discharged to rivers, lakes, and oceans, as well as in biosolids applied to land as fertilizer.

Both PFAS and microplastics present significant challenges for wastewater and biosolids management due
to their environmental persistence and resistance to conventional treatment. In response, utilities and
regulators are enhancing monitoring, advancing treatment research, and introducing limits to curb
upstream pollution.

Currently, Canada has implemented an interim PFAS standard for biosolids sold as fertilizers (50 ppb PFOS
limit under CFIA T-4-132, effective October 2024 (Government of Canada, 2024)), while regulations for
PFAS and microplastics in effluent are still under development. In British Columbia, the Organic Matter
Recycling Regulation (OMRR) requires Class A biosolids to meet the federal Fertilizers Act and Trade
Memorandum T-4-93 safety standards, which now include the PFAS interim standard (Government of
British Columbia, 2022). Current actions to control PFAS, such as CEPA listings and water quality
objectives, demonstrate the start of a growing regulatory momentum for PFAS. In contrast, microplastics
remain an area of active investigation. While ECCC and the Department of Fisheries and Oceans (DFO) are
advancing research, no specific regulatory standards have yet been introduced. As scientific
understanding improves and public awareness grows, additional regulations addressing the presence of
microplastics and PFAS in wastewater and biosolids are likely to emerge in the coming years.

3.3.4 Evolution in Regulation for PFAS and Microplastic

CECs are often considered candidates for future regulation due to their environmental persistence,
(eco)toxicity, endocrine-disrupting potential, role in antimicrobial resistance, and increasing public
scrutiny. Potential regulatory changes have been to control the PFAs and microplastic concentration.

3.3.41 Regulation for PFAS

Regulation for PFAS in Drinking Water

Canada and the United States have made significant strides in addressing contaminants of emerging
concern, especially PFAS, which pose substantial environmental and health risks. Both countries are
actively regulating these chemicals because of known health risks resulting from PFAS exposure and their
persistence in the environment and human bodies.

Regulatory limits for PFAS in drinking water have been established to address growing evidence
demonstrating health risks associated with exposure. The United States Environmental Protection
Agency (USEPA) has set a maximum contaminant level (equivalent to Health Canada's maximum
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acceptable concentration) of 4 nanograms/litre (ng/L) for PFOA and PFOS, and 10 ng/L for PFNA, PFHXxS,
and HFPO-DA, which will be enforced starting in 2029.

Health Canada has established an objective concentration of 30 ng/L for the sum of 25 detectable PFAS,
based on those quantified by USEPA method 533. This objective is not legally enforceable by Health
Canada but can be used as a basis by other agencies, such as BC Island Health or the DFO. These drinking
water standards aim to protect public health from the harmful effects of PFAS.

Regulation for PFAS in Wastewater Discharge and Biosolids

The USEPA has not implemented PFAS limits for wastewater discharge or biosolids, but some states have
implemented their own, such as a limit of 100 ug/kg for PFOA and PFOS combined in biosolids in
Michigan and the complete ban of biosolids land application in Maine and biosolids containing PFAS in
Connecticut. Treated wastewater may be impacted by the drinking water limits because they can impact
PFAS concentrations in downstream drinking water treatment plants. However, this has not yet been
tested and actions taken by wastewater utilities have been voluntary.

The USEPA has demonstrated that they are considering regulating PFAS in biosolids nationally, although
this may be affected by shifting political priorities. In January 2025, a draft risk assessment was released
which suggested that PFOA and PFOS concentrations above 1 pg/kg may pose a health risks to family
farmers. The scope of this assessment was intentionally narrow, and it is not indicative of the broader
health risks associated with PFAS in biosolids, but it may be used for the development of future
regulations in the U.S. and in Canada.

In Canada there are also no direct limits imposed on PFAS in treated wastewater or biosolids. However,
the CFIA set an interim standard for PFAS in fertilizers, limiting PFOS to 50 pg/kg, effective since

October 2024. ECCC has introduced mandatory reporting requirements for manufacturers using PFAS and
is actively monitoring PFAS contamination in the environment.

Regulation for PFAS in Surface Water

Most recently, USEPA published draft national recommended human health criteria for three PFAS - PFOA,
PFOS, and perfluorobutane sulfonic acid (PFBS) to help protect people from harmful health effects from
exposure to pollutants in surface waters. The goal is to determine human health criteria (HHC) that will
provide national recommendations to states and Tribes authorized to establish their own water quality
standards under the Clean Water Act. The draft criteria for PFOA and PFOS are extremely low, well below
what can be accurately measured. This suggests that future regulation of these PFAS in water would be
set to the quantification limit, which is approximately 4 ng/L for PFOA and PFQOS, equivalent to the
drinking water regulation.
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Table 11 summarizes the most recent guidelines and limits established for PFAS in drinking water,
wastewater discharge, biosolids and surface water.

Table 11 Recent Guidelines and Limits Established for PFAS in United States and Canada

Stream ‘ United States ‘ Canada

Drinking Water 4 ng/L for PFOA and PFOS 30 ng/L for the sum of 25 detectable PFAS (PFBA, PFNA,
10 ng/L for PFNA, PFHxS, and PFPeS, 4:2 FTS, 6:2 FTS, PFMBA, PFPeA, PFDA, PFHxS,
HFPO-DA 8:2 FTS, NFDHA, PFHxA, PFUnA, PFHpS, HFPO-DA,

9CI-F30NS, 11CI-PF30UdS, PFHpA, PFDoA, PFOS,
ADONA, PFOA, PFBS, PFMPA, PFEESA)

Wastewater Not established Not established

Discharge

Biosolids Some states have implemented Limit of PFOS to 50 ug/kg for fertilizers
their own limits

Surface Water HHC has been drafted Not established

3.3.4.2 Regulation for Microplastics

Neither Canada nor the United States have set limits on microplastic concentrations in wastewater or
biosolids. The USEPA is investigating microplastics in water systems, and some states, like California, are
considering regulations to reduce plastic pollution.

In Canada, ECCC is studying microplastics' accumulation in aquatic ecosystems and their potential health
impacts. Some provinces, including British Columbia, Alberta, Manitoba, and Quebec, are already working
on plastic waste regulations. British Columbia is currently studying the impacts of microplastics in
biosolids and their accumulation in aquatic ecosystems. There are ongoing efforts to enhance the legal
framework for the output quality of biosolids to address microplastic contamination.

Federal and provincial regulators may implement specific regulations as the understanding of
microplastics and PFAS in wastewater and biosolids continues to evolve. Emerging research and
regulatory initiatives will be crucial in managing these contaminants in the long term. Wastewater
treatment plants and biosolid management facilities will need to stay informed of these developments
and be prepared for potential future regulations. The regulation of microplastics in WWTPs faces several
challenges, including the lack of standardized methodology, confusing nomenclature, and undefined
toxicity. These challenges are compounded by concerns such as the fragmentation of microplastics into
nanoplastics throughout the treatment process, their release from water and wastewater infrastructure,
inhibition of nitrification and biogas production, the potential increase in DBPs through the release of
precursors, and the accumulation of microplastics in soil and agricultural crops. To address these issues
effectively, successful monitoring practices must be implemented, which include a thorough quality
assurance/quality control (QA/QC) checklist, composite 24-hour sampling, and spectroscopic analysis.

3.3.5 Evolution in Treatment Technologies

A U.S. EPA study (2009) found multiple classes of CECs, such as PPCPs, flame retardants, and pesticides in
effluent at nine municipal WWTPs. Although some removal was observed during treatment, certain
compounds, like hormones and BPA, were present in the influent but not in the final effluent. Carollo
(2014) reported that a WWTP in Arizona achieved greater than 90 percent removal of many CECs,
including hormones and pharmaceuticals, though removal was limited for PFAS and microplastics. The
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chemical properties of PFAS and microplastics, such as small size, solubility, and stability allow many to
pass through WWTPs with minimal removal.

Importantly, conventional wastewater treatment plants, including those designed for secondary treatment,
are not specifically engineered to effectively remove many CECs. Most standard processes (for example
primary sedimentation, activated sludge, and disinfection) were developed to target bulk organic matter,
nutrients, and pathogens, not the micro-pollutants found in this emerging group. However, as awareness
of CECs grows, industry attention is increasingly focused on their treatability, and the development of
targeted removal technologies is progressing rapidly. Lessons from pilot projects, full-scale studies, and
monitoring programs continue to enhance our understanding of how to manage these contaminants in
wastewater effluent.

As some contaminants like PFAS are resistant to degradation, conventional wastewater treatment
processes may not be sufficient to remove them effectively. Consequently, advancements in treatment
technologies, such as adsorption using activated carbon or ion exchange, are becoming key solutions for
managing PFAS concentrations in drinking water and wastewater treatment residuals.

Jurisdictions are currently piloting and implementing advanced treatment technologies such as ozonation,
activated carbon adsorption, membrane filtration, and advanced oxidation processes. The effectiveness of
these methods varies depending on the contaminant class and operational context. Most WWTPs rely on
source control to manage PFAS, as treatment options like activated carbon, ion exchange, and reverse
osmosis (used in potable reuse), are typically impractical for conventional systems.

Continuous monitoring, alongside the development of treatment solutions, will be essential to mitigate
these persistent pollutants' environmental and public health impacts in the future.
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secriona  EXISTING PROCESS CAPACITY

This section provides a summary of the physical condition, operability, and remaining useful service life of
key infrastructure components at the CVWPCC. Findings are based on site visits, operator input, record
drawings, and review of previous assessment reports. The intent is to identify existing deficiencies,
maintenance priorities and any constraints that may influence future upgrade pathways. Each major
process area (i.e., liquids, solids, electrical, and support systems) is evaluated individually to inform long-
term capital planning. A simplified process flow diagram (PFD) is presented in Figure 4 to illustrate the
general process configuration.
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Figure 4 Simplified PFD

4.1 Treatment Process Description

The CVWPCC is a Level IV secondary wastewater treatment facility, as assessed by the Environmental
Operators Certification Program (EOCP). The classification level provides an indication of the degree of
knowledge and training required by an operator of the facility.

Wastewater is conveyed to the plant via five pump stations through two force mains and enters the
headworks for preliminary treatment.

= Preliminary Treatment includes two mechanically raked bar screens to remove large debris, followed
by three aerated grit tanks that remove an estimated 40 percent of incoming grit. Grit is processed
through degritting cyclones and a classifier.
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=  Primary Treatment occurs in three rectangular clarifiers where solids settle and the remaining
60 percent of grit is removed. Sludge collected is degritted before thickening. Scum is also collected
at the primaries through a cross collector on the primary clarifiers.

= Secondary (Biological) Treatment is performed in three plug-flow aeration tanks followed by
secondary clarification in three circular tanks. Return activated sludge (RAS) is recycled via three
variable-speed pumps, and WAS is withdrawn either from the secondary clarifiers or directly from the
aeration tanks.

= Sludge Processing includes gravity thickening of PS and DAF thickening of WAS. Thickened sludge is
stored in two holding tanks, blended, and centrifuge dewatered to 25 percent solids. Dewatered
sludge is conveyed to trucks and hauled to an offsite composting facility.

* Liquid Side Streams are returned to the treatment train: gravity thickener supernatant to the
headworks, DAF supernatant to primary effluent, and centrifuge centrate to an onsite septage tank,
which is also returned upstream of the mechanical screens.

= Effluent Management includes clarified effluent sampled, monitored, and discharged via the Cape
Lazo Outfall to the Strait of Georgia. Under high tide or peak flow conditions, an effluent storage
basin and pumps are used to maintain discharge capacity.

= Residuals Disposal includes landfill disposal for screenings and grease, and composting for grit.

=  Odour Control The systems include ferrous chloride dosing for sulphide control in force mains, tank
covers, a foul air collection system, two chemical (caustic/hypochlorite) scrubbers, an activated carbon
(AC) polishing unit, and a 40-metre (m) exhaust stack.

4.2 Current Treatment Performance

This section evaluates the performance of the existing facility from 2014 to 2024 using available effluent
data. The assessment focuses on documenting available data that reflects treatment effectiveness and
regulatory compliance (i.e., CBODs, TSS, and pH). These parameters are compared against criteria set by
the facility’s discharge permit (Permit No. 5856).

Figure 5 and Figure 6 illustrate the effluent CBODs and TSS concentrations over the past 10 years. These
figures show consistent compliance with both the permit and MWR criteria. Maximum day CBODs values
have remained well below 30 mg/L and met regulatory requirements throughout the reporting period.
TSS concentrations also follow a stable trend. Elevated daily effluent values occurred in 2017 (42 mg/L)
and 2024 (30 mg/L) but were both within existing and proposed permit limits.

Figure 7 shows pH data recorded between 2016 and 2024. All values fall within the acceptable range
specified by the MWR.
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Figure 7 pH Effluent Data from 2016-2024

The WSER sets monthly average effluent limits of 25 mg/L for both CBOD and TSS. Figure 8 and Figure 9
present the calculated monthly averages based on available CVRD data. While most months contain only
two to three data points, which limits the statistical reliability of monthly trends, the available results
indicate the CYWPCC is able to meet the WSER objectives. CBOD monthly averages have remained below
25 mg/L since 2014. TSS exceeded the monthly average limit only twice: in 2017 at 28 mg/L and in 2024 at
26 mg/L.
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Figure 8 Effluent Monthly Average CBOD Data from 2014-2024
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Figure 9 Effluent Monthly Average TSS Data from 2014-2024

4.3 Existing Mainstream Capacity Assessment

In this section, an assessment is made of each of the mainstream liquid stream unit processes to identify
capacity limitations and potential upgrade timing given the forecasted flows and loads.

4.3.1 Preliminary Treatment

Preliminary treatment protects downstream infrastructure by removing debris, grit, and other inorganic
materials from the raw wastewater. At CVWPCC, this includes mechanical screening and a two-stage grit
removal system. This section evaluates the capacity of these processes against current and projected flows
to identify limitations that support planning for future upgrades through the planning period to 2060.

4311 Headworks

The existing headworks at CVWPCC receives raw sewage from an influent force main that passes through
two screens (one duty plus one standby). The duty screen is a perforated plate screen with 6-mm
openings, discharging to a dedicated compactor with direct discharge to a storage bin. The standby
screen is a bar screen with 12-mm bar spacing, discharging to a dewatering conveyor that also receives
material discharged by a drum screen processing primary scum, before discharging to a second storage
bin. The perforated plate is operated as duty. In the event of overflow, excess flow is diverted to the
second channel, where it passes through the bar screens.
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Table 12 Existing Mechanical Screens

Parameter ‘ Value

Maximum Instantaneous Flow (MLD) 75()
Screens
Number of Screens (duty/standby) 11
, 1982 (Bar Screen)
Installation Year
2010 (Perforated Plate)
Perforated Plate (6-mm openings)
Screen Type
Bar Screen (12-mm bar space)
Channel Width (mm) 1,520
Channel Depth (mm) 2,330
Screen Width (mm) 1,290
Installation Angle 60°@
Notes:

(1) The maximum capacity of the perforated plate is 75 MLD. Capacity information for the bar screen is not available.

(2) The installation angle of the perforated plate screen is 60 degrees. Installation angle information for the bar screen is not
available.

MLD - million litres per day

4312  Grit Removal System

The existing grit removal system at CVRD consists of two separate processes, located downstream of the
headworks. The first stage includes three pre-aeration/grit tanks integrated with the primary clarifiers that
remove coarse grit before primary sedimentation. The second stage involves degritting the primary
sludge from the primary clarifiers, which with their detention times, capture most of the remaining
medium to fine grit, along with the settled sludge.

Coarse grit that settles in the pre-aeration grit tanks is pumped to two grit cyclones, one mounted on
each of the two grit classifiers. Primary sludge is pumped at relatively low solids concentrations into two
separate sludge cyclones, also mounted on each of the two grit classifiers. Solids collected from both
streams are transported to the composting facility.

4313 Capacity Assessment and Limitations

The screening system should be designed to handle the maximum instantaneous flow with sufficient
redundancy to allow one screen to be taken out of service without affecting the facility's daily operations.
The current screening capacity has been evaluated based on a duty/standby configuration. Due to
projected flow increases and the limited effectiveness of the existing standby 12-mm bar screens
(excludes the 6-mm perforated plate screen) in removing debris, the redundancy capacity is expected to
be exceeded by 2030.

The existing grit removal system is effective and provides satisfactory protection for downstream
processes. Primary sludge will continue to be pumped from the primary clarifiers, allowing the primary
sludge degritting process to continue. However, the existing grit handling equipment (cyclones and
classifiers) has reached the end of its useful life and requires replacement.
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4.3.2 Primary Treatment

Wastewater from the headworks undergoes primary treatment in three buried rectangular primary
clarifiers, each divided into two compartments: (1) pre-aeration grit tank, where approximately 60 percent
of the remaining grit is removed, and (2) primary clarification, allowing suspended solids to settle.

Settled sludge is collected at the bottom of the primary clarifiers and conveyed to cyclones for grit
removal prior to thickening. Following de-gritting, the primary sludge is directed to gravity thickeners,
while the clarified wastewater overflows to the aeration tanks for secondary treatment.

Primary scum collected from the surface of the primary clarifiers is currently dewatered using a drum
screen and discharged to a storage bin.

Each primary clarifier, excluding the dimensions of the aerated grit tanks, is of 32.7 m length, 6.1 m width,
and 5.6 m depth (Table 13). Table 14 presents the dimensions and design criteria of the existing primary
clarifiers.

Table 13 Dimension and Design Criteria of Existing Primary Clarifier

Unit Criteria/Capacity

Number of Units - 2 (1 duty, 1 standby)
Length m 32.7

Width m 6.1

Side Water Depth m 3.0

Total Depth m 5.6

Area, Each m?2 199

Area, Total m2 597

Surface Overflow Rate at Peak Hour Flow m3/m2/d 100

Surface Overflow Rate at Maximum Month Flow m3/m2/d 42

Notes:

(1) Metcalf & Eddy.

m3/m?/d - cubic metres per square metre per day

The primary clarifier capacity is typically assessed based on surface overflow rate (SOR) under two flow
conditions: peak hour flow and maximum month flow. The need for additional primary clarifiers will be
determined by the more limiting of these two conditions.

Grit removal equipment capacity is similarly evaluated based on hydraulic loading and grit loading rates.
Associated grit mechanical equipment has reached end-of-life and requires replacement. As part of the
Phase 4 upgrades, grit system capacity will be assessed and sized to accommodate the fourth primary
clarifier planned for 2040. With a typical service life of 20 to 25 years, the grit system will require
refurbishment around 2050 and should be designed with provisions to accommodate the fifth primary
clarifier at that time.

As shown in Table 14, the primary clarifiers operate at a SOR of approximately 85 m*/m?/d during peak
hour wet weather events and 41 m*/m?/d during maximum month flow. With the implementation of CEPT,
the existing three primary clarifiers can handle these flow conditions through improved settling
performance, deferring the need for additional infrastructure.
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CEPT uses chemical addition to improve particle settling, allowing existing clarifiers to operate efficiently
at higher SORs while maintaining treatment performance. This allows the existing three primary clarifiers
to handle the projected peak hour flow conditions through 2030. A fourth primary clarifier will be required
by 2040 and a fifth by 2060 to accommodate future flow increases. Technical aspects of CEPT operation,
performance capabilities, and operational considerations are discussed in Section 8.3.2.

Table 14 Capacity of Existing Primary Clarifiers and Future Primary Clarifiers Requirement

Eﬁhjw Peak Hour | SOR HRT Maximum SOR

Clarifier Flow (m3/m2/d) (hours) Month Flow | (m3¥m?2/d)
2024 3 50,724 85 0.8 24,735 41 1.7
2030 4 61,591 77 1.0 30,034 38 21
2035 4 68,479 86 0.9 33,392 42 1.9
2040 5 72,815 73 1.1 35,507 36 24
2045 5 81,286 82 1.0 39,638 40 2.1
2050 6 87,239 73 1.2 42,540 36 24
2055 6 91,535 77 1.1 44,635 37 2.3
2060 6 96,696 81 1.1 47,152 39 2.2

HRT - hydraulic retention time

4.3.3 Secondary Treatment

The secondary (biological) treatment consists of three plug-flow bioreactors followed by three circular
secondary clarifiers. RAS is recycled via three variable-speed pumps, and WAS is withdrawn either as RAS
or mixed liquor from the bioreactors. The existing capacity of the secondary treatment system has been
assessed using a process model. In this section, a description of the process model and assessment of
capacity is provided.

4331 BioWin™ Process Simulation Model Development and Calibration

A BioWin™ process simulation model was developed to establish secondary treatment capacity
constraints and assess upgrade options for the CVWPCC. The process model was calibrated using data
collected between March 22, 2024, to January 6, 2025.

Historically, influent samples were collected at the headworks upstream of the mechanical bar screens.
However, under low flow conditions, samples collected upstream of the screens do not accurately
represent raw wastewater characteristics due to settling in the influent pipe. For the influent fractionation
study, raw wastewater samples were collected at the outlet to the aerated grit tanks rather than upstream
of the mechanical screens. Aerated grit tank samples provide thorough mixing but also include recycle
flows.

The majority of recycle flows returned to the aerated grit tank sample consist of PS thickener supernatant
and centrifuge dewatering centrate. Smaller, intermittent recycle streams include screened septage, foul
air scrubber blowdown water, and process floor drains. Clear water underflow from the DAF thickener is
returned to the primary effluent channel. The aerated grit tanks are well-mixed and better represent the
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inflow characteristics to the primary clarifiers resulting in more accurate process simulation modeling and
assessment of performance.

A schematic of the BioWin™ model developed for the CYWPCC is provided in Figure 10.

Influent Primary ) Secondary
(With Recycle)  Clarifiers Bioreactors Clarifiers Effluent

PS DAF = Dewatered

Thickeners Thickeners { Centrifuge Sludge (To
_:L Composting)
i |
Ly
i

Recycle
(To Headworks)

Y

Figure 10 Biowin™ Model Schematic

The results of the sampling program used as an input to the process simulation modelling are presented
graphically in Figure 11. The fractionated COD and TSS values represent the average values for the

16 samples. Ammonia and alkalinity concentrations shown are averages from the calibration period.
Typical raw wastewater characteristics from the City of Kamloops WWTP were used for influent TKN, total

phosphorus, soluble phosphate and nitrate while default BiowWin™ values were used for total sulphur and
soluble sulfate.
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H i -
Raw (Unﬁltered) Sample omogenize l COD - Total [mgCODY/L) 713.0
BOD - Total [mgBOD/L] 3180
N - TKN [mgN/L] 53.0
P - Total P [mgP/L] 59
S - Total S [mgS/L] 10.0
Glass-Fiber Filter Alkalinity [mgCaCO3/L] 129.0
(1.2 pm) TSS [mgTSS/L) 387.0
ARILL lil Ll VSS [(mgVSS/L)) 3290
Coagulate / Flocculate
COD - Filtered [mgCOD/L] 2280
CODs - Acetate [mgCOD/L] 18.0
BOD - Filtered [mgBOD/L] 1140 Membrane Filter (0.45 um)
N - Ammonia [mgN/L] 340
N - Nitrate [mgN/L] o0 AR NRARANL]
P - Soluble phosphate [mgP/L] 45
S - Soluble Sulfate [mgS/L) 85 +
€OD - FF [mgCOD/L] 1430
Other Measurements:
Flow 0.0 Gas - DO [mgO2/1] 0.0 Effluent COD - Filtered [mgCOD/L] 60.0
pH 6.6 Metal - Calcium [mg/L] 80.0 Metal - Magnesium [mg/L] 15.0

Figure 11 Influent Wastewater Fractionation Based on Sample Results and Assumed Characteristics

Based on the above raw wastewater sampling and characterization results, a summary of the key COD
influent fractionation parameters used in the BioWin™ model are documented in Table 15.
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Table 15 Select Process Model Input Variables

Process Model Input Parameters

COD:BOD | VSS:TSS

Commaodity gCOD/gof | gCOD/g of
readily slowly
gCOD/g gCOD/g of |biodegradable | degradable | gCOD/gof | gCOD/g of gNHs-
BOD gVSS/g TSS mg/L total COD COD CoD total COD | total COD |gCOD/gCOD| N/gTKN
Influent 2.05 82% 58 0.1164 0.2169 0.803 0.065 0.130 0.500 0.660
Wastewater
(With Recycle)

Fac - acetate; Fbs - Readily biodegradable (including acetate); Fcel - cellulose fraction of unbiodegradable particulate; Fna - ammonia; Fup - unbiodegradable particulate; Fus -
unbiodegradable soluble; Fxsp - non-colloidal slowly biodegradable; g - grams; gCOD/g - grams chemical oxygen demand per gram; gNH3-N/gTKN - grams ammonia nitrogen per
grams TKN; gVSS/g - grams of volatile suspended solids per gram; ISS - inert suspended solids; VSS - volatile suspended solids
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The modelled primary clarifier performance was calibrated using fractionated primary effluent and TSS
data, as well as operational data collected from March 22, 2024, to January 6, 2025. Other model inputs
based on as-built information and operational data for the calibration period included:

= Average measured wastewater temperature was 17.7°C.
=  Average measured primary sludge pumping was 2,552 m3/d.

= Estimated total recycle streams were 2,635 m3/d which consists predominately of primary sludge
supernatant and centrate.

= Average screened raw wastewater flow was 12,826 m3/d.
= Influent flow with recycle streams used as model input was 15,461 m3/d.

= Average solids retention time (SRT), measured as the total bioreactor mixed liquor suspended solids
(MLSS) inventory divided by mass of wasted MLSS and effluent TSS, was 2.4 days.

= Total bioreactor volume for the three trains is 4,542 cubic metres (m3) (i.e., 1,502 for Bioreactor A/B
and 1,538 m? for Bioreactor C).

= During the period between May 26 and October 2, 2024 the CVWPCC operated with two bioreactors
and this was accounted for in the SRT calculation.

Table 16 provides a comparison of modelled values with sampling data. Based on the comparison, the
process model generally reflects the available sampling and process data. Except for two parameters, the
model output falls within 10 percent of the measured data.

The process model overestimates measured dewatered cake production by 27 percent. However, the
calculated solids loading using measured centrifuge feed flow and TSS values align closer to the modelled
dewatered sludge value. The calculated mass of WAS and PS from measured concentrations and flow also
reflects a higher dewatered solids mass output than what has been measured historically. These
calculations suggest the measured dewatered solids mass may not be accurate, but this should be
checked.

In addition, the calibrated process model underestimates the final effluent CBODs concentrations by
39 percent. Two of the nine measured biological oxygen demand (BOD) concentrations throughout the
calibration period are greater than 30 mg/L, which suggests upset conditions. If these two values are
excluded, the average measured BOD is 9.2 mg/L and falls within 10 percent of the modelled value.
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Table 16 Comparison of Modelled and Measured Data

‘ Measured Data

(Composite Samples

Unit Process or Collected by One Water Difference Modelled
Commaodity Parameter Modelled Values and Operational Data) Relative to Measured Data
Flow m?3/d 15,461 15,461 0.0%
1SS mg/L 362 387 -6.5%
Influent With Recycle kg/d 5,597 5,984 -6.5%
mg/L 713 713 0.0%
COD
kg/d 11,024 11,024 0.0%
. . % TSS 63% 63% -0.6%
Primary Clarifier Removal Rate
% COD 48% 44% 9%
Flow m3/d 2,552 2,552 0.0%
Primary Sludge 188 mg/L 1,382 1,486 -71.0%
kg/d 3,526 3,792 -71.0%
Flow m?/d 12,909 13,526 -4.6%
158 mg/L 160 162 -1.0%
Primary Effluent kg/d 2,071 2,191 -5.5%
mg/L 443 454 -2.5%
COD
kg/d 5,714 6,141 -6.9%
MLSS mg/L 1,407 1,453 -3.1%
MLVSS mg/L 1,124 1,206 -6.8%
SRT days 25 24 4.9%
Bioreactors WAS m3/d 775 715 8.4%
kg/d 2,394 2,617 -8.5%
RAS Flow m?3/d 9,869 9,612 2.7%
RAS TSS mg/L 3,089 2,882 7.2%
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Measured Data

(Composite Samples

Unit Process or Collected by One Water | Difference Modelled
Commaodity Parameter Modelled Values and Operational Data) Relative to Measured Data
Average Volume m3/d 15.5 15.5 0.0%
Dewatered Sludge Total Solids % 32.7% 25.8% 27%
Total Solids kg/d 5,062 3,989 27%
TSS mg/L 12 11 9.0%
Final Effluent BOD mg/L 8.7 14 -39%
COD mg/L 65 63 3.0%

Notes:

(1) Operational data does not include recycle stream and is based on grab and composite samples.

(2) PS removal reported as mass of primary clarifier TSS influent minus mass of PE TSS divided by mass of primary clarifier TSS influent.
(3) PS generation reported as calculated mass of primary clarifier TSS minus calculated mass of PE TSS.

(4) WAS calculated from measured MLSS/RAS solids concentration multiplied by MLSS/RAS wasted flow.

MLVSS - mixed liquor volatile suspended solids; PE - primary effluent
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4332 Bioreactor

The calibrated process model was used to calculate bioreactor MLSS concentration. A bioreactor treating
to secondary quality can operate at a maximum MLSS of 1,000 to 3,000 mg/L (Metcalf & Eddy, 2014,
Table 8-19). In addition, the bioreactors are expected to meet the MWR reliability criterion where with one
unit offline the remaining bioreactors must be able to accommodate 75 percent of the maximum load.
Table 17 summarizes the design characteristics of the three bioreactor trains.

Table 17 Bioreactor As-built Design Characteristics

Parameter Value

Bioreactor A & B
Length (m) 38.10
Width (m) 11.29
Side Water Depth (m) 3.492
Operating Volume (m3 each) 1,502
Bioreactor C
Length (m) 38.10
Width (m) 11.29
Side Water Depth (m) 3.575
Operating Volume (m? each) 1,538
Total Operating Volume (m3) 4,542
Length to Width Ratio 3.37

The bioreactor MLSS was evaluated for the design horizon to assess potential capacity thresholds. The
MLSS was also evaluated for the loading scenario, which reflects the MWR reliability criterion (i.e.,

75 percent maximum loading with one unit out of service). Table 18 summarizes the results of the
modelling assessment.

Table 18 Bioreactor Capacity Assessment Based on Process Model Output

Maximum Month Flow and Load 75% Maximum Month Flow and Load

Trains - Primary Effiuent CBODs Loading | 1. - Primary Effluent CBODs Loading
In MLSS | (With Recycle In MLSS | (With Recycle)
Year | Service Ibs/1,000 ft3) | Service
44

2024 | 3 1,685 3,197 0.70 2 1,780 2,396 0.79 49
2177 2,944 097 61
2414 3270 141 67
2,563 3476 1.1 72
2,852 3,877 13 80

2030 3 1,939 3,929 0.87 54
2035 3 2,152 4,365 0.96 60
2040 3 2,285 4,640 1.0 64
2045 |3 2544 5175 141 7

2050 3 2,726 5553 1.2 76 3,054 4160 14 86
2055 |3 2,855 5820 1.3 80 3,198 4361 14 90

2060 3 3,011 6,149 14 85 2 3,397 4,606 1.5 95
kg/m3 - kilograms per cubic metre; Ibs/1,000 ft3- pounds per thousand cubic feet
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As influent wastewater loading increases with population growth, MLSS also increases. Based on the
model runs, the 3,000 mg/L MLSS threshold is reached shortly after year 2045 and occurs under the
scenario where one bioreactor train is offline.

BOD loading to the bioreactor, as calculated by the primary effluent loading, includes recycle loads. The
recycle load represents approximately 20 percent of the CBODs tabulated. By year 2045, the CBODs PE
loading is 1.3 kg/m3 or 1.0 kg/m? raw wastewater CBOD loading when 2 bioreactor trains are operating at
75% loading. The projected CBOD loading exceeds typical values for conventional plug flow reactors.
Despite the elevated CBOD loading for year 2040 conditions, the process model indicates that the effluent
CBOD:s is well below the 25 mg/L regulatory objective. Given that the CVPCC operates on average at low
SRT (2.0 to 2.5 days), the bioreactor operation has features of a high-rate process and is able to
accommodate a higher loading rate. For comparison, a conventional plug flow activated sludge process at
3 to 15-day SRT is typically designed for a volumetric CBODs loading of 0.3 to 0.7 kg/m?3 whereas a
high-rate process operating at a SRT of 0.5 to 2 days can exceed BOD loading of 2.0 kg/m?3. Based on this
assessment, it is expected that the bioreactor will meet treatment performance objectives under the
project CBODs loading and MLSS will be the primary driver for addition of a fourth bioreactor prior to year
2045.

4.3.3.3 Secondary Clarifier

The secondary clarification system is an important process at the CVWPCC for meeting its regulatory
effluent objectives. The secondary clarifiers work together with the bioreactor to ensure sufficient MLSS is
retained for treatment and prevent the carryover of solids into the final effluent. Similar to bioreactors, the
MWR reliability standard requires the secondary clarifiers at the CVWPCC to be designed to allow for 75
percent of the maximum flow capacity when one unit is out of service.

The design of the secondary process has some limited capacity to split RAS from two of the three
secondary clarifiers to three bioreactors when one secondary clarifier is taken offline, as evidenced by
cavitation RAS pump A, which serves secondary clarifier C. The assessment undertaken in this section
assumes that each secondary clarifier can operate independently of the bioreactors. To maximum
flexibility, mixed liquor and RAS splitter capability is recommended for the Phase 4 upgrades.

The as-built dimensions and capacity criteria for the existing clarifiers are summarized in Table 19.

Table 19 Existing Secondary Clarifier As-built Design Characteristics

Parameter ‘ Value

Secondary Clarifier A & B
Type Rim Feed
Diameter (m) 23.17
Side Water Depth (m) 3.1
Surface Area (m? each) 421
Total Surface Area (m2) 843
Secondary Clarifier C
Type Centre Feed
Diameter (m) 231
Side Water Depth (m) 5.0
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Surface Area (m2 each) 419
Peak Day Solids Loading Rate Capacity, kg/m?/d 120
Peak Hour Surface Overflow Rate Capacity, m3/m2/d 45

Peak Hour Hydraul!c Loading Capacity 56800

(Three SCs Operating), m3/d '

Peak Hour Hydraulic Loading Capacity 37.900

(Two SCs Operating), m3/d
kg/m2/d - kilograms per square metres per day; m2- square metres; SC - secondary clarifier

The secondary clarifier capacity can be limited by either the hydraulic SOR or solids loading rate (SLR). The
available peak hour surface loading capacity for the three secondary clarifiers of 56,800 m3/d is slightly
higher than the estimated year 2024 peak hour flow of 50,700 m3/d. However, with two secondary
clarifiers operating the peak hour capacity is lower than 75 percent of the year 2024 peak hour flow and
thereby does not meet the present day MWR reliability criterion. The high peak hour flow relative to
average dry weather flow is a reflection of the high inflow and infiltration and has a significant impact on
capacity.

The solids loading capacity is a function of the sludge settling characteristics, MLSS concentration, flow
into the plant and pumped RAS rate. A state point analysis is typically used to account for these multiple
variables. The sludge volume index (SVI) is used to develop the solids flux curve based on standard
equations. Historically, the CVWPCC experiences poor sludge settling. The maximum month SVI for year
2024 was 524 mL/g and averaged 374 mL/g over the year. Based on the state point curve developed from
these settling characteristics and maximum month flows and loads for year 2024, the clarifiers are
operating beyond their existing capacity (Figure 12).

The assessment indicates that the clarifier capacity is being controlled by solids loading capacity and poor
settling sludge. The cause of the high SVI measured at the CYWPCC is discussed in Section 7 in more
detail but likely has multiple causes, including high soluble wastewater COD, poor dissolved oxygen
control in the bioreactor, lack of selectors and inability to preferentially waste filamentous growth.
Optimizing the bioreactor to improve sludge settleability to achieve a more typical SVI of 150 mL/g would
remove solids loading as the critical parameter for capacity. Under optimized conditions, the secondary
clarifier's capacity state point analysis indicates the capacity of the three units is 59,000 m3/d, and

36,000 m3/d with one unit offline.

The above capacity assessment indicates that the existing secondary clarifiers are at capacity. The clarifiers
are being impacted by the relatively high wet weather peak flow and poor settling sludge.
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Figure 12 State Point Analysis for Existing Clarifiers Under Year 2024 Operation (Three Tanks at SVI of 524 mL/g)

4.4 Solids Treatment

The CVWPCC generates two types of sludge through its conventional activated sludge treatment process:
PS from primary clarification and WAS from secondary biological treatment. These solids are thickened,
blended, and dewatered onsite prior to being hauled to a composting facility. Figure 13 illustrates the
existing sludge handling and processing configuration.
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Figure 13 Existing Sludge Processing and Handling System
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Two gravity thickeners, installed in 1982, originally handled both PS and WAS. Following the addition of
two DAF units in 2003 and 2014, the thickeners were reassigned to PS, while DAF units now exclusively
treat WAS. Polymer is added to the DAF units to aid flocculation and enhance thickening performance.

The TPS flows through two macerators and is then pumped to a 330 m? storage tank. Supernatant from
the gravity thickening process is directed back to the aerated grit tanks. Meanwhile, TWAS from the DAF
units is conveyed to a separate 330 m?® storage tank. DAF underflow is returned to the primary clarifier
effluent channel. Both tanks are mixed and aerated to prevent septicity and improve homogeneity. Each
tank has a dedicated transfer pump feeding the dewatering centrifuges.

Sludge dewatering is performed by two decanter centrifuges installed in 2005, replacing the original belt
filter presses. Centrate is collected in a sump and routed to an underground equalization tank beneath the
DAF Building. This centrate is blended with septage and pumped to the primary effluent channel via
dry-pit pumps.

Dewatered cake from either centrifuge is transferred by way of a single screw conveyor to a cross-conveyor
which loads a dump truck for offsite transport. In 2016, the main cake conveyor was replaced, and a standby
unit was installed to facilitate simultaneous loading at two locations. A polymer makeup system supports
both DAF and centrifuge operation.

441 Primary Sludge Thickening

Primary sludge is first pumped through a cyclone for grit removal, then directed to the gravity thickeners
where it is concentrated from approximately 0.3 percent total solids (TS) to between 3 percent and 4
percent TS. Thickened primary sludge (TPS) is then conveyed to the TPS storage tank via macerators and
rotary lobe pumps. Supernatant from the thickeners is returned to the aerated grit tanks.

Table 20 summarizes the physical dimensions and calculated capacity of the existing gravity thickeners.
Design performance is governed by SOR and SLR, evaluated under maximum week conditions.

Table 20 Dimension and Capacity of Existing Gravity Thickeners

Number of Units 2 (2 duty)
Diameter m 7.32
Depth m 3.05
Area, Each m?2 421
Area, Total m?2 84.2

PS %TS % 0.3%
Thickened PS % TS % 3-4%
Surface Overflow Rate Design Capacity m3/m2/d 16 - 31
Existing Surface Overflow Rate, Each m3/m2/d 33.25(1
Solids Throughput Capacity, Each kg/d 5,260
Solids Throughput Capacity, Total kg/d 10,520
Notes:

(1) Based on existing maximum primary sludge pumped flow rate of 2,800 m3/d, when both gravity thickeners are in operation.
(2) Assuming a solids loading rate of 125 kg/m2/d.
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Primary sludge is pumped to the gravity thickeners at a nearly constant rate. When all three primary
clarifiers are in operation, the primary sludge pumps operate at a maximum 2,800 m3/d. On this basis, the
hydraulic loading exceeds typical design guidelines of 16 to 31 m3/m?/d when one unit is operating. While
the CVWPCC has not reported any issues when operating on a single gravity thickener, increased sludge
thickening capacity should be considered if pumping rates are increased. In addition, a variable frequency
drive (VFD) should be installed on the primary sludge pumps to allow pump turndown and minimize
hydraulic loading. Regular TSS sampling of the PS influent, supernatant and thickened sludge is required
to monitor recovery.

The gravity thickeners have a solids loading capacity of 5,260 kg/d each. Based on the calibrated process
model, the year 2024 maximum week primary sludge generation was estimated to be 5,150 kg/d.
Consequently, timing of any required upgrade will depend on the level of redundancy adopted.

The primary sludge thickener capacity is being controlled by hydraulic capacity. Additional thickener
capacity will be required when a fourth primary clarifier is implemented.

4.4.2 Waste Activated Sludge Thickening

The CVWPCC employs two DAF units to thicken WAS produced from the secondary clarifiers. The first unit
was commissioned in 2003, followed by a second installation in 2014 to expand capacity.

In the current configuration, WAS is pumped directly to the DAF units, where polymer is added upstream
to enhance flocculation and solids capture. A dedicated polymer make-up and feed system prepares the
polymer solution at the required concentration to support consistent thickening performance.

Following thickening, the TWAS is transferred to the TWAS storage tank, while the DAF underflow
(subnatant) is returned by gravity to the primary effluent channel.

Both DAF units are the same size, each measuring 9.0 metres in length, 2.44 metres in width, and
2.1 metres in depth.

DAF unit sizing is based on SLR under maximum week WAS production. With polymer addition, a design
SLR of 10 kilograms per square metre per hour (kg/m?/h) is typically achievable. The existing units operate
at 9.8 kg/m?/h, providing the following capacity (assuming 24-hour operation):

= Each unit: 5,165 kg/d.
= Combined: 10,330 kg/d.

The estimated maximum week WAS production for year 2024 was 3,541 kg/d. Consequently, sufficient
DAF capacity exists for current operational conditions.
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Table 21 Dimension and Capacity of DAF

‘ Unit ‘ Criteria / Capacity

Number of Units - 2 (1 duty, 1 standby)
Length m 9.00
Width m 2.44
Depth m 2.10
Area, Each m2 21.96
Area, Total m? 43.92
Design Surface Loading Rate kg/m?h <10
Surface Loading Rate kg/m?/h 9.8
Solids Throughput Capacity, Each kg/d 5,1650)
Solids Throughput Capacity, Total kg/d 10,330(")
Notes:

(1) Assuming a surface loading rate of 9.8 kg/m2/h and 24-hour operation.

443 Centrifuge Dewatering

The CVWPCC operates two decanting centrifuges, installed in 2005, that are used to dewater thickened
sludge from the TPS and TWAS storage tanks. Sludge is conveyed to the centrifuges via dedicated feed
pumps. With polymer addition, thickened sludge (typically 3 to 3.5 percent TS) is dewatered to
approximately 20 percent TS.

Dewatered sludge cake is then transferred to a hauling container via two primary screw conveyors
operating in series. A third screw conveyor, installed in 2016, is available as a backup, although it has only
been used once.

Centrate produced during dewatering is collected in a sump beneath the centrifuges, then flows by
gravity to the underground equalization tank located beneath the DAF Building.

Each of the existing decanting centrifuges is rated to process 36 cubic metres per hour (m?/h) of
thickened sludge with an influent solids concentration between 3.0 to 3.5 percent TS. At a conservative
3.0 percent TS, this equates to a solids throughput capacity of approximately 1,102 kilograms per hour
(kg/h) per unit.

Under the current operating regime of 40 hours per week, each centrifuge has the ability to dewater
44,064 kg of thickened sludge per week. With both units in operation, the system provides a total capacity
of 88,128 kg/week (kilograms per week).

Although redundancy in centrifuge operation is not required under the MWR, industry best practices
recommend maintaining at least 75 percent redundancy during peak loading periods to accommodate
maintenance downtime or equipment failure.

The existing thickened sludge storage tanks, which provide up to three days of storage under maximum
week loading, offer temporary operational flexibility. These tanks allow for deferred centrifuge operation
in the event of failure or during extended maintenance. However, their capacity is finite and cannot
compensate for sustained underperformance or prolonged outages.
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Table 22 Dewatering Centrifuge Capacity

Design
Process/Equipment Criteria | Criteria/Capacity
Number of Units - - 2 (1 duty, 1 standby)
TPS/TWAS %TS % - 3-3.5%
Dewatered TPS/TWAS %TS % - 20%
Capacity, Each m3/h - 36(1
Capacity, Each kg/h - 1,102
Operation Time h/week | -- 40
Capacity, Each kg/week | -- 44,064
Capacity, Total kg/week  -- 88,128
Notes:

(1) Atsolids concentration of 3-3.5%.
(2) At solids concentration of 3%.

secrions EXISTING HYDRAULIC ASSESSMENT

This section presents an evaluation of the existing hydraulic grade line (HGL) under peak flow conditions.
The objective is to confirm whether the facility can convey current peak flows without exceeding critical
hydraulic limitations and to identify any potential bottlenecks that may impair performance during
extreme flow events.

5.1 Background

The following describes the current treatment processes and flow path of the CVWPCC:

= Influent Chamber and Screening: Influent flow enters the plant via two force mains, an 850-mm
force main from Courtenay-Comox and a 375-mm force main from CFB Comox. Wastewater from
both force mains is conveyed to a common influent chamber, where flow passes through a perforated
plate and mechanical bar screen.

= Pre-aeration Grit Tanks: Screened flow is distributed to three pre-aeration grit tanks through a
common influent channel. Each grit tank discharges to a dedicated primary clarifier through a series
of partially submerged openings.

=  Primary Clarifiers: Flow enters the primary clarifiers through ports located at the end of each grit
tank. The primary clarifier effluent v-notch weir is set to 11.81 m.

= Bioreactors: Wastewater flows through a common channel to three bioreactors. Field observations
indicate that Bioreactor C, the farthest east from the primary clarifiers, frequently receives
disproportionately higher flows. However, for the purpose of this assessment, an equal flow split to
the bioreactors is assumed. The bioreactor effluent weir is set to 11.23 m.

= Secondary Clarifiers: Mixed liquor (ML) exits each bioreactor through a dedicated 600-mm pipe to
their corresponding secondary clarifier. RAS is pumped from the secondary clarifiers back to the
bioreactors. The secondary clarifier effluent v-notch weir is set to 10.15 m.
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= Effluent Chamber and Outfall Chamber: Secondary effluent flows by gravity to the effluent chamber
that contains a Parshall flume for flow measurement. Typically, wastewater continues via gravity
through a 900-mm pipe to the outlet chamber. During wet weather events, the system allows flow
diversion via an overflow weir set to 8.4 m to the effluent storage basin and pumping station. The
pumping station is equipped with 45-kilowatt (kW) submersible pumps, each rated for 474 L/s at
7.1 m of head in a two-duty-one-standby configuration and pumps wastewater to the outfall
chamber. The outfall chamber is equipped with a duckbill valve to prevent backflow when the effluent
pumps are online. From the outfall chamber, wastewater flows by gravity through the marine outfall
pipe.

= Outfall: The outfall consists of 3,000 m of 900-mm diameter concrete pressure pipe (CPP) running
along the foreshore from the CYWPCC and 3,000 m of 860-mm diameter steel pipe extending
offshore from the foreshore into the Strait of Georgia. The pipeline conveys effluent to a 175-m-long,
610-mm diameter diffuser equipped with 60 pairs of open ports regularly spaced and ranging from
75 mm to 152.4 mm in diameter. The diffuser is located at an average depth of 60 metres. The outfall
system has a nominal design capacity of approximately 67 MLD. Originally designed to accommodate
up to 67 MLD of effluent discharge, recent assessments have identified hydraulic and mechanical
limitations under peak flow and high tide conditions (WSP, 2024). A separate condition assessment of
2,250 m of the CPP was conducted by PureTech (2025). These limitations have necessitated increased
reliance on the equalization (EQ) basin and effluent storage basin to store high flows, and subsequent
pumping during significant wet weather events.

5.2 Basis for Hydraulic Profile Development

A hydraulic profile was developed to determine the hydraulic grade line under current peak flow
conditions (2024). Assumptions and inputs used for hydraulic profile development are described below
and in Table 23.

=  The analysis was performed using the 2024 peak hourly flow developed from flow and load
projections. Refer to Section 2.2.1.2.

= RAS flow is assumed to be 70 percent of the influent flow to simulate worst case hydraulic loading
conditions. This value represents the current estimated maximum flow rate due to cavitation risks
experienced at higher pumped RAS rates.

= All available process units are assumed to be in service for each flow scenario. This includes one
screening channel, three pre-aeration grit tanks, three primary clarifiers, three bioreactors, and three
secondary clarifiers.

* The analysis assumes the worst-case flow path through the entire facility. For example, from the
westernmost primary clarifier (C) to the easternmost bioreactor (C).

= A partial overflow into the effluent storage basin and pumping station is required based on wet
weather conditions. A flow split between the 900-m effluent chamber outlet pipe and the effluent
pumping station was determined as part of the hydraulic analysis.
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Table 23 Basis for Hydraulic Profile Development

Parameter ‘ Units ‘ Value
Datum - NAVD 88
Existing Facility Hydraulic Control Points

Primary effluent weir metres 11.81()
Bioreactor effluent weir metres 11.23@
Secondary effluent weir metres 10.150)
Effluent pumping station weir metres 8.40
Downstream hydraulic control - Strait of Georgia | metres 2.074
level

2024 Flows

PHF m3/d 50,724
RAS rate % 70
Notes:

(1) Record drawings do not specify if elevation is taken at the top or bottom of existing v-notch weir. Assumed to be bottom of
v-notch elevation.
Adjustable rectangular weir crest elevation.
Bottom of existing secondary clarifier v-notch weir elevation.
High tide level.
VD 88 - North American Vertical Datum of 1988
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5.3 Hydraulic Profile

The hydraulic analysis was performed using Carollo’s proprietary Hydraulix® modeling software. The
current facility hydraulic profile from the existing headworks influent channel to the Strait of Georgia
outfall is presented in Appendix B. The hydraulic profile is based on the criteria and assumptions
presented in Section 5 and in other chapters of this report.

The following are preliminary conclusions from the hydraulic analysis:

= Under the 2024 peak hourly flow, approximately 9.58 MLD will passively overflow into the effluent
storage basin and require pumping to the outfall chamber.

= The RAS flow rate used is higher than the existing RAS pump capacity. Future design phases will need
to consider RAS pump upgrades if sustained high-flow operation is anticipated.

» The water surface elevation is approaching the deck at the pre-aeration grit tanks. The analysis shows
approximately 0.58 meters between the water surface and the top of deck elevation. Additionally,
flooding has been observed by operators in this area of the facility during wet weather events. This
indicates that the primary clarifiers and pre-aeration grit tanks may be operating near their hydraulic
capacity.

*  The water surface elevation in the bioreactor influent channel is also nearing the deck. There is
approximately 0.5 meters between the water elevation and the top of deck elevation. The bioreactor
influent channel may be at risk of flooding during wet weather events.
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secione CONDITION ASSESSMENT

6.1 Introduction

The physical condition of the major assets at the CVWPCC is summarized by process areas below.
Appendix C details the main findings of the assessment.

Table 24 CVWPCC Area Designation and Related Components

ID Area Description of Equipment and Assets

00 General Administration Building, storage and maintenance areas, and air
Compressors.

10 Septage Facility Screening equipment.

20 Headworks Building, two mechanical screens (perforated plate, bar screen), drum
screen, aerated grit tanks, grit tank blowers, grit pumps, grit cyclone and grit
classifiers.

30 Primary Treatment Primary clarifiers, PS pumps, primary scum pump, PE EQ basin, and pumps.

40 Secondary Treatment Bioreactors, aeration blowers, secondary clarifiers (including drives,

mechanisms and scum pump), RAS pumps.
50 Effluent Filtration and UV Disinfection | Future, not used.

60 Outfall Effluent chamber, outfall chamber, effluent EQ pumping station, and outfall
pipe and diffuser

70 Plant Utilities Generator, old electrical kiosk, transformer located in pipe gallery and
reclaimed effluent pump station.

80 Biosolids/Solids Handling Building, PS gravity thickeners, TPS macerators and pumps, TPS tank and

pump, WAS pumps, DAF tanks and polymer makeup system, TWAS tank
and pump, centrifuges and polymer makeup system, screw conveyors.

Dewatering Building centrate sump, septage and centrate EQ tank (under
DAF Building).

90 Odour Control Building, fans, chemical scrubbers, and activated carbon scrubber.

6.2 Summary of Condition and Risk Evaluation

A condition review (Appendix C) was completed for the major process mechanical and electrical systems
at the CVWPCC based on site observations from the December 2024 facility tour, operations input, and
reference asset inventory updates. Table 25 consolidates the findings by process area and equipment and
assigns a qualitative priority rating based on observed condition, operational risk, and the role of the
equipment within the treatment train.

The assessment revealed several high-priority items that require near-term intervention due to their
critical function, advanced age, or non-compliance with safety or process standards. These include:

= Aging Headworks and Grit Removal Equipment: The bar screen, perforated plate screen, grit
classifiers, and grit cyclones are all at or beyond their expected useful service life. Replacement is
recommended as part of the Phase 4 upgrades to maintain reliable preliminary treatment and prevent
downstream process interference.
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= RAS Pumping System: Cavitation, leaks, and inappropriate valve selection are degrading system
performance and reliability. These deficiencies directly impact the biological process and represent a
high operational risk.

= QOdour Control Infrastructure: Corrosion concerns in Scrubber 1. National Fire Protection Association
(NFPA) 820 compliance concerns in the fan room. Proactive monitoring and repair of any severe metal
corrosion of the activated carbon polishing unit.

= Sludge Handling and Thickening Systems: Confined space safety and ventilation issues in the DAF and
dewatering areas pose operational and occupational risks.

= Hydraulic and Flow Management Challenges: Uneven flow distribution to bioreactors, insufficient
structural support for piping in the gallery, and limitations in equipment lock-out safety underscore
the need for modernization of hydraulic controls and process safety practices.

= Generator: The generator's rooftop radiator is in poor condition and inadequately braced for
post-disaster requirements, warranting replacement. The controller and main breaker are obsolete
and past their useful service life, making repairs difficult and full replacement complex and time
consuming.

= Electrical Operating Permits: CYWPCC has a primary service greater than 1,000 volts (V) and current
operating permit for which is held by a Field Safety Representative (FSR)-B certified technician. To
comply with TSBC and other Provincial regulations, it is required that this operating permit is held by
FSR-A certified technician.

= Main Distribution: Breaker trip settings are inaccessible due to a retrofit and no documentation exists
to confirm proper settings. As a result, there is uncertainty about whether the feeders are adequately
protected. Also, the main distribution installation does not meet Canadian Electrical Code (CEC)
requirements for working space and egress clearances. It is highly required that main distribution
installation be upgraded to meet CEC requirements, as a remote operator added in 2016 does not
fully resolve the code compliance issues.

= MCCs: Some MCC buckets have been modified with components from other manufacturers, which
violates the Canadian Standards Association (CSA) certification. Therefore, it is recommended that
these should either be replaced with standard parts or be field certified for the modification.

= MCC-A: This MCC is located in the same room as the grit collection system, where standing process
water was observed in front of the equipment. Additionally, this space is classified as a hazardous area
per NFPA 820; the distribution installation in this space does not meet CEC requirements for electrical
distribution in a hazardous area. This poses safety risks to personnel and increases the potential for
equipment damage and underscore the need to relocate the distribution to a more suitable location.

= MCC and Electrical Distribution in Pipe Gallery: The pipe gallery has a high potential of overland
flooding and process fluid flooding. Therefore, it is recommended to relocate MCC and all the
high-risk electrical distribution out of the pipe gallery.

= Electrical Distribution in Effluent Pumphouse: The electrical distribution is past the end of expected
life. Therefore, it is recommended to replace it whenever process changes are made to the effluent
pumping system.

= Air Compressors and Dryers: The air compressors are installed in the basement pipe gallery, which has
a high flooding potential from overland water or process pipe failure. The existing housekeeping pads
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Table 25 Summary of the CVWPCC Condition Review

Equipment or Structure Priority Rating Implementation Phase

‘ Quantity ‘ Action Noted

00 General Administration Building 1 Expand to accommodate plant upgrades and expanded functions. High Phase 4
Storage and Maintenance Areas - Review storage areas and expand or consolidate to meet future needs and be code compliant. Medium Phase 4
Air Compressors 2 Replace and relocate to ground level to minimize risk of flooding. Medium Phase 4
MCC-B and MCC-C 2 Replacement of these MCCs is recommended. Medium Phase 4
10 Septage Screening Equipment 2 Smaller screen is undersized, and equipment room constrained and should be replaced. Low Phase 4
Facility Review location for future facility as part of new headworks design. High Phase 4
Drum Screen 1 Aging equipment with limited capacity. High Phase 4
20 Headworks  Bar Screen (Screen #1) 1 Aging equipment with limited capacity. High Phase 4
Perforated Plate Screen (Screen #2) 1 Aging equipment with limited capacity. High Phase 4
Aerated Grit Tanks 3 Concrete assessment to be performed. Medium Ongoing
Aeration Blowers 2 Current location is in a classified area due to presence of grit classifiers. Declassify room as part future upgrades. High Phase 4
Grit Pumps 2 Recurring erosion occurs in discharge piping and fittings and should be monitored and addressed by replacing piping with glass-lined piping and fittings. Medium Ongoing
Grit Cyclones 2 Aging equipment without parts readily available for replacement. High Phase 4
Grit Classifiers 2 Aging equipment without parts readily available for replacement. High Phase 4
MCC-A 1 Relocation of this MCC recommended. High Phase 4
30 Primary Primary Clarifiers 3 Influent and effluent channel concrete conditions to be assessed as part of regular inspections every two to four years. Medium Ongoing
Treatment 3 Assess and install automated scum skimmer as part of any replacement of aged equipment. Medium Ongoing
Drives and Mechanisms 3 Mechanical equipment and metals to be replaced. Medium Near Future (2025-
2028); to be replaced
as part of annual O&M
when required.
Primary Sludge Pumps 2 Add VFD. High Phase 4
Sludge Cyclones 2 Aging equipment without parts readily available for replacement. High Phase 4
Scum Pump 1 No issues reported. - -
Equalization Basin Pumps 3 No issues reported. - -
40 Secondary Bioreactors 3 Concrete and liner assessment to be performed on a regular basis. Medium Ongoing
Treatment Improve hydraulic flow distribution of primary effluent to bioreactors. High Phase 4
Add additional aeration zones and associated air control valves and dissolved oxygen probes. High Phase 4
Add mixed liquor splitter box. High Phase 4
Aeration Blowers 5 As part of Phase 4 upgrades, assess and replace part of the complement of existing centrifugal blowers with new, energy efficient units having turndown capacity. Medium Ongoing/Phase 4
/Beyond
Secondary Clarifiers 3 Apply coating on Clarifier B. If structural and mechanical rehabilitation of Secondary Clarifier B is pursued, it may be appropriate to incorporate tank coating work as | Medium Near Future
part of that effort. This work could be scheduled in advance of the Phase 4 upgrades to align with other maintenance activities and minimize disruption. (2025-2028)
Drives and Mechanisms 3 Mechanism replacement for clarifiers A and B to be completed when with tank coatings are applied. Medium Near Future
(2025-2028); to be
replaced as part of
annual O&M when
required.
RAS Pumps 3 Access hydraulics and solve issues with cavitation, leaking, and valve replacement. High Phase 4
Valve and Fittings Replacement - Replace butterfly valves with plug valves as part of any piping upgrade. Low Ongoing
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‘ Quantity ‘ Action Noted Priority Rating Implementation Phase

ID Area Equipment or Structure

As part of any future work around the RAS pumps (i.e., addition of ML splitter box), replace pipe spools and associated couplers to proactively address leaks and High Phase 4

70 Plant Utilities

80
Biosolids/Solids
Handling

Scum Pump

Effluent Pumps

Effluent Sluice Gate

Reuse Pumps and Pump House

Electrical Distribution Located in Pipe
Gallery

Effluent Pump MCC

Electrical Distribution Located in Effluent

Pump House
Generator

Old Electrical Kiosk
Service Entrance Equipment
Electrical Operating Permits

Main Distribution
Gravity Thickeners

Macerators

Rotary Lobe PS Pumps

TPS Storage Tank
WAS Pumps
DAF

DAF Polymer Makeup System
(one pump)

MCC-H
MCC-D
TWAS Tank
TWAS Pump
Centrifuges

Centrifuge Polymer Makeup System
(two pumps)
Centrate Tank (at Centrifuge Room)
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prevent pipe failures.

Add flush valve as part of the any future pump replacement.

No issues reported.

Review options to replace gate and allow for reliable operation.

System is old and building has structural issues - replace with new system.
Relocation of electrical distribution is recommended.

Relocation of this MCC is recommended.
Replacement of electrical distribution is recommended.

Aging equipment without parts readily available.

Decommission abandoned underground fuel tank.

Remove existing above-ground fuel tank at time generator is replaced.
To be updated/relocated due to the new effluent piping construction.

Full replacement of the existing pole-top equipment with a new pad-mount transformer is required to support the rest of the Phase 4 upgrades.

An FSR-A certified electrician is required to hold the operating permit for primary service.

Upgrades to main distribution is recommended.
Concrete liner coating is recommended.

No concerns reported but aging equipment requires scheduled replacement when end-of-life age is reached.

New rotary lobes were recently installed. Assess pump replacement at the end-of-life (5 to 10 years).

Concrete coating is recommended.

New 600-V motors are required to eliminate the transformers in the pump gallery.
Address safety issues.

Automate system.

MCC is at end of service life. Replace existing MCC with A/B distribution when associated process equipment is upgraded.
MCC is at end of service life. Replace existing MCC with A/B distribution when associated process equipment is upgraded.

Conduct regular concrete assessment.

No concerns reported but equipment requires scheduled replacement when end-of-life age is reached.
Aging equipment and capacity limitation. Capacity will be a key driver for future upgrade considerations.
Assess and upgrade ventilation.

Low Ongoing

Medium Phase 4

High Phase 4

High Phase 4

High Phase 4

Medium Phase 4

High Phase 4

Medium Phase 4

Medium Phase 4

High Phase 4

Medium Phase 4

High Requirement
applicable to CYWWPCC
operations.

High Phase 4

Medium To be replaced as part
of annual O&M when
required.

Low To be replaced as part
of annual O&M when
required.

Low To be replaced as part
of annual O&M as and
when required.

Medium Phase 4

Low Phase 5

High Ongoing

Medium Phase 4

Medium Phase 6

Medium Phase 6

Medium Ongoing

Medium -

High Ongoing
Ongoing

Improve ventilation in centrifuge room to conform to NFPA 820, improve workplace health and safety and reduce corrosion of metal. Improvements to room air quality High

should consider covering and sealing off centrate sump to room.
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ID Area Equipment or Structure ‘ Quantity ‘ Action Noted Priority Rating Implementation Phase
Centrate Tank Pumps 3 No concerns reported. - -
Centrate Tank (at Centrifuge Room) 1 Eliminate air exchange between the centrifuge room and adjacent spaces by sealing the hatch between the DAF EQ tank and polymer room to prevent H,S High Phase 4

migration. Given the presence of septage, the EQ tank headspace is Class 1, Division 1 under NFPA 820. The DAF and polymer rooms appear to be designed as
unclassified spaces; this should be confirmed.

Chemical Scrubbers 2 Retrofit or replace oldest chemical scrubber to replace media and fittings to improve treatment efficiency and airtight connections Medium Phase 4

90 Odour Control | MCC-G & PDC 2 Equipment is in good condition. Replace existing MCC and PDC with A/B distribution when associated process equipment is upgraded. Medium Phase 5
Carbon Scrubber 1 Conduct a complete condition assessment to determine asset condition. Medium Phase 4

Provide regular inspection of scrubber interior to identify and proactively repair any severe metal corrosion. High Ongoing

Carbon Scrubber Fans 2 Same as above. NFPA 820 issues to be addressed. High Phase 4

Notes:
(1) Have the same classifiers downstream as the ones used by the Headworks grit removal system.
H,S - hydrogen sulphide; O&M - operations and maintenance
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secion7 PROCESS OPTIMIZATION

CVRD engaged One Water Solutions (OWS) to explore process optimization opportunities at the CVWPCC
in order to improve the plant performance, optimize O&M, and better prepare the facility for potential
compliance with future regulatory requirements. The process optimization assessment prepared by OWS
is based on review of historical plant data (2021 to 2023), facility inspections, periodic microscopic exams,
and unit process stress testing conducted by plant staff under the supervision of OWS. As discussed in the
following sections, the assessment identified potential improvements to influent wastewater sampling, as
well as possible improvements to primary clarifiers, bioreactors, secondary clarifiers, and plant hydraulics.

7.1 Influent Wastewater Sampling

Influent wastewater characterizations at the CVWPCC were found to be unrepresentative of actual plant
conditions due to low velocities and insufficient mixing at the influent sampling location. Primary clarifier
influent and sludge were sampled and analyzed in combination to inform influent characteristics for this
assessment. Special sampling was also conducted at the aerated grit tanks. One drawback of sampling at
the aerated grit tanks is that the recycled flow streams are combined with influent upstream of that point.

Options for improving influent sampling quality include adding mixing to the vertical influent pipe, where
the sampling point is currently located, or sampling at the new Headworks Building as part of Phase 4
upgrades. In alignment with OWS, the Site Master Plan incorporates a plan to establish a dedicated,
representative influent sampling location in the upgraded headworks facility (Section 8.3).

Lastly, OWS recommended consideration of nitrate addition to control septicity (Daigger, 2023, 2024).
However, this strategy is primarily applicable to the upstream collection system and is outside the scope
of this Plan. The recommendation is noted for coordination with broader regional wastewater
management planning.

7.2 Primary Clarifiers

The primary clarifiers were found to have good settling performance, achieving approximately 64 percent
TSS removal and 40 percent BODs removal during stress testing. This performance is attributed in part to
the high proportion of settleable particulate organic matter in the influent wastewater.

To assess capacity, stress testing was conducted, confirming that the clarifiers can maintain acceptable
performance at an SOR of up to 100 m*/m?/d. For reference, the typical industry design standard for SOR
at peak hour flow is also 100 m3/m?/d, though this can be increased to 120 m*/m?/d through the use of
CEPT.

Use of CEPT was recommended when wet weather flows exceed the SOR of the primary clarifier, or two
times the average dry weather flow, in order to enhance solids capture and increase hydraulic capacity of
the primary treatment process. With CEPT, the existing primary clarifiers could accommodate projected
flows for a service population of up to 70,000, consistent with the anticipated 2040 horizon year
(Daigger, 2024).
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Integration of CEPT is recommended as part of future facility upgrades to improve primary sludge settling
characteristics and support effective wet weather treatment. CEPT is expected to become a critical process
enhancement to increase both performance and capacity under peak conditions.

Additionally, it is recommended that primary effluent flow exceeding secondary treatment capacity be
bypassed around the secondary process and blended with treated effluent prior to disinfection or tertiary
treatment (e.g., filtration), in accordance with best practices for high-rate wet weather treatment.

7.3 Bioreactors and Secondary Clarifiers

The OWS report highlights that the secondary treatment system typically operates as a high-rate process
(Daigger, 2023), maintaining an SRT between one and two days (see Figure 14). Operation within this SRT
range does not support complete nitrification in the bioreactors. As a result, dissolved oxygen
consumption may occur at the effluent discharge point due to ongoing nitrification activity. Overall, the
effluent quality is generally high, with TSS levels consistently below 20 mg/L and often under 10 mg/L.

As per the OWS report, operation at low SRTs resulted in MLSS with poor settling and compaction
characteristics, as indicated by elevated SVI values. Although the SRT was temporarily increased to
between four and five days in early 2022, the anticipated improvement in SVI was not consistently
observed. Consequently, no definitive conclusion can be drawn regarding the direct relationship between
increased SRT and improved SVI during this period.
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Figure 14~ CVWPCC SRT and SVI (Daigger, 2024)
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According to OWS, microscopic examination showed the presence of filamentous bacteria, which feed on
organic acids, thrive in low dissolved oxygen (DO) conditions, and contribute to elevated SVI values
(Daigger, 2024). Contributing factors to filamentous bacteria growth include:

= High proportion of readily biodegradable COD (rbCOD) in the bioreactor influent, after particulate
COD (pCOD) removal in the primary clarifiers.

= Low DO in parts of the bioreactors due to their long and narrow configuration, which results in a
quasi-plug flow pattern and insufficient air at the bioreactor inlet where loading is highest.

Approaches to improve MLSS settling include dosing flocculants ahead of the secondary clarifiers,
chlorinating the RAS, retrofitting the bioreactors with swing zones that allow tapered aeration or
anaerobic selectors that encourage the growth of better settling microorganisms, or integrating
hydrocyclones or sieves to densify and concentrate better settling microorganisms while removing lighter
sludge fractions.

OWS estimated that the activated sludge system has sufficient capacity to treat flows associated with
approximately 55,000 people (One Water Solution, 2025). Furthermore, with improved settleability, OWS
estimated that the system could serve up to 85,000 people. According to the population projections in
Section 2.1, this population is expected to be reached in 2050.

Secondary clarifier capacity should continue to be monitored after implementing improvements for
settling. Modifying the inlet feed well of Clarifier C and peripheral feed configurations of Clarifiers A and B
could potentially create additional capacity or improve performance at peak flow conditions. Secondary
clarifier modification alternatives can be further evaluated using computational fluid dynamics (CFD)
modelling.

OWS recommended secondary treatment improvements include the following (Daigger, 2024):

=  Modify bioreactors to accommodate aerobic selector integration in the future and complete pilot
(scheduled for winter and summer 2026).

= QOperate bioreactors as a single system, connecting to secondary clarifiers through a mixed liquor
splitter.

*  Implement hydraulic control of SRT by using operational controls in the bioreactors.

= Evaluate the capacity of existing secondary clarifiers as part of the Phase 4 upgrades.

7.4 Hydraulics

A hydraulic assessment of the existing CVWPCC infrastructure was completed as part of this Site Master
Plan, identifying several areas where improvements could enhance operational flexibility and overall
performance. The analysis showed that the current PE flow splitting configuration disproportionately loads
Bioreactor C, leading to uneven distribution between treatment trains. To optimize the performance, as
part of any future CFD modeling efforts, the flow splitting of primary effluent to the bioreactors should be
modeled. Additionally, measures should be identified to provide the hydraulic head necessary to improve
the flow split of primary effluent to the three bioreactors.

The current setup, where each bioreactor is paired with a dedicated secondary clarifier, also limits flow
management flexibility and may constrain future capacity. Introducing a mixed liquor splitter box which
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receives MLSS from all bioreactors, distributing it evenly to all available secondary clarifiers will improve
performance and adaptability.

In line with OWS technical review, this Site Master Plan highlights the importance of identifying and
addressing hydraulic bottlenecks that could impact future treatment or expansion. While key constraints
have been identified and initial improvements recommended, a whole-plant hydraulic analysis should be
performed at time of detailed design advancement to confirm bottlenecks and guide design of future
upgrades. A future-state hydraulic model should also be developed to support integration planning for
potential facility expansions (Section 8.1.1).

OWS also recommended flow equalization to manage diurnal and wet weather flows (Daigger, 2024). Wet
weather equalization is not proposed, as high-rate storm filters will be used to manage peak flows
directly. Diurnal flow equalization is deferred due to sufficient operational flexibility and higher priority
capital needs but can be considered as part of future optimization efforts.

secions FUTURE UPGRADE PATHWAY

The CVWPCC requires upgrades to accommodate projected growth, replace aging infrastructure, and
meet evolving operational requirements through 2060. This section presents the upgrade pathway
developed after evaluating multiple alternatives and analyzing capacity needs.

Several drivers shape these upgrades:
=  Peak wet weather flows regularly exceed the permit limit of 18,500 m3/d.
= Much of the equipment has exceeded 40 years of service and have reached end of useful life.

= The facility must meet regulatory requirements for discharge to shellfish bearing waters while
maintaining compliance to MWR requirements.

The solutions centre on a wet weather treatment approach using CEPT and tertiary filtration. When flows
exceed twice the average dry weather flow during storms, the CYWPCC has the option of diverting them
through a separate treatment path. Since this condition does not yet occur frequently, this approach aims
to defer the construction of additional treatment infrastructure such as Primary Clarifier D in 2040,
supported by enabling higher loading capacity anticipated through chemical addition.

This section first establishes the technical foundation with hydraulic grade line analysis and the wet
weather treatment strategy that drives all subsequent decisions.

It also presents the four implementation phases spanning 2030 through 2060, outlining the infrastructure
additions and their timing. These phases align capital investments with projected capacity needs while
maintaining operational continuity. The upgrades follow four phases, in accordance with projected
capacity needs. A list of phased upgrades is provided in Table 26 at the end of Error! Reference source
not found..

The following sections provide technical assessments for each system components, including the liquid
treatment train (from screening through to the ocean outfall), solids handling and processing systems,
and supporting infrastructure including electrical, odour control, and administration facilities.
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The analysis concludes with evaluations of resource recovery opportunities, greenhouse gas emissions
projections, workplace safety requirements, and final implementation considerations. Each assessment
recognizes the interdependent nature of the systems, specifically, how treatment improvements drive
downstream capacity needs and how site constraints influence construction sequencing.

8.1 Basis of Planning
8.1.1 Future Hydraulic Grade Line

8.1.1.1 Basis for Hydraulic Profile Development

The hydraulic analysis was performed using Carollo’s proprietary Hydraulix® modeling software. Two
hydraulic profiles were developed to illustrate the hydraulic grade line midway to the ultimate buildout
stage (2045) and at the ultimate buildout stage (2060). Assumptions and inputs used for hydraulic profile
development are described below and in Table 26.

The analysis incorporates the existing hydraulic conditions and flow paths described in Section 5,
including the current weir elevations, pipe configurations, and outfall constraints. The following
assumptions and inputs supplement these baseline conditions for future buildout scenarios:

= Peak hourly flow scenarios assume bypass of flow greater than two times ADWF from the primary
effluent channel to the tertiary filters, according to the wet weather treatment operating philosophy
described in Section 5.

= Average dry weather flow scenarios assume the existing EQ basin is offline.

= All weirs for new process units are set to have a minimum of 6 inches free discharge at the 2060
buildout peak hourly flow.

= All available process units are assumed to be in service for each flow scenario. New primary clarifiers,
Bioreactor D, and Secondary Clarifier D are assumed to be identical to existing process units, including
structure dimensions and weir elevations. The new facilities include a mixed liquor splitter box located
between the bioreactors and secondary clarifiers.

» Head loss through a future stacked tray grit removal system is assumed in the hydraulic profile. A
stacked tray grit removal system was selected as it has higher head loss than the vortex grit basin
technology. A screen effluent weir is included to maintain water level until the future grit removal
system is installed. Actual flow control device to maintain required depth at screens is to be
determined during design.

= Redesign of the existing effluent pumping station during Phase 4 upgrades is assumed to provide
capacity for future buildout flows.

= Hydraulix® provides simplified head loss calculations through the pipeline and diffuser. Although it
provides accurate assessments for in-plant hydraulics, it cannot fully capture complex diffuser
hydraulics and tidal influences. A hydraulic analysis using specialized outfall modeling is being
conducted separately by Great Pacific to refine diffuser performance and capacity assessments under
varying tide and flow conditions.

COMOX VALLEY REGIONAL DISTRICT
MASTER PLAN FINALIZATION AND DETAILED DESIGN PHASE 4 UPGRADES 57



SITE MASTER PLAN
JANUARY 2026 / FINAL / CAROLLO

Table 26 Basis for Hydraulic Profile Development

Parameter ‘ Units ‘ Value
Datum - NAVD 88
Existing Facility Hydraulic Control Points

Primary Effluent Weir m 11.81(1)
Bioreactor Effluent Weir m 11.23@
Secondary Effluent Weir m 10.150)
Effluent Pumping Station Weir m 8.10¢4)
Downstream Hydraulic Control - Strait of Georgia Level m 2.074)
2045 Flows

PHF m3/d 81,286
ADWF m3/d 19,820
RAS Rate % 70
2060 Flows

PHF m3/d 96,696
ADWF m3/d 23,577
RAS Rate % 70
Notes:

(1) Record drawings do not specify if elevation is taken at the top or bottom of existing v-notch weir. Assumed to be bottom of
v-notch elevation.

Adjustable rectangular weir crest elevation.

Bottom of existing secondary clarifier v-notch weir elevation.

Redesign of existing effluent pumping station during Phase 4 upgrades is assumed.

High tide level as indicated on record drawings.

- o=

2
3
4
5

o~ — —

8.1.1.2 Hydraulic Profile

The 2045 and 2060 hydraulic profiles from the new headworks influent channel to the Strait of Georgia
outfall are presented in Appendix E. The hydraulic profiles are based on the criteria and assumptions
presented in Section 8.1.1 and in other chapters of this report. Key existing elevations used in the
hydraulic profile (such as existing process weirs) should be surveyed during design and confirmed by
contractor during construction.

The following are preliminary conclusions from the hydraulic analysis:

= The resulting 2060 buildout maximum water surface elevation (WSE) at the headworks facility is
13.84 metres. Influent pump capacities should be evaluated at this WSE to determine any impacts to
overall pumping capacity.

= The existing effluent pumping station weir should be lowered from its existing setpoint elevation of
8.4 metres to accommodate future buildout flows. The hydraulic profile assumes that the pumping
station is redesigned during Phase 4 upgrades with a weir setpoint elevation of 8.1 metres.

= The existing effluent Parshall flume is a hydraulic bottleneck that may require removal with the
installation of tertiary filtration and UV disinfection.

COMOX VALLEY REGIONAL DISTRICT
MASTER PLAN FINALIZATION AND DETAILED DESIGN PHASE 4 UPGRADES 58



SITE MASTER PLAN
JANUARY 2026 / FINAL / CAROLLO

The existing 600-mm mixed liquor pipes carrying wastewater from the bioreactors to the secondary
clarifiers appear to be undersized for flow rates (including RAS) above 47,000 m3/d.

8.1.2  Wet Weather Treatment Strategy

Inflow and infiltration (I/I) are unintended flows that enter sewer conveyance systems and can significantly
impact the performance of wastewater treatment facilities. Inflow refers to sources such as storm drains or
roof leaders during rain events, or surface runoff from vehicle washing during non-rain events. Infiltration
typically represents groundwater seepage into the sewer system through cracks or faulty pipes. Both
inflow and infiltration are impacted by rain events and are increased during the winter season for the
CVWPCC. These flows are also referred to as wet weather flows (WWF).

As noted in the Stage 1 and 2 LWMP, the volume of WWF, in excess of the biological treatment capacity,
is relatively small (WSP, 2022, p. 55). A WWF treatment diversion option for flows greater than two times
ADWEF was included in the long list of future upgrade pathways for the CVWPCC as part of the Stage 1
LWMP. This option previously identified is based on the MWR requiring municipalities with high I/l
address this concern through planning to address how I/l can be reduced (Part 3 Division 2 Section 44).
The MWR also allows for wet weather greater than two times the average dry weather flow to be treated
separately through primary treatment. These features of the MWR are recognized in the Stage 1 and 2
LWMP report (WSP, 2022, p.25).

Managing peak wet weather flows within the main treatment train of the WWTP can be capital-intensive.
During storm events, I/l into the collection system significantly increase flow volumes, diluting raw
wastewater while simultaneously hydraulically overloading key infrastructure components such as primary
and secondary clarifiers. This not only reduces treatment efficiency but can also strain biological treatment
capacity and compromise process stability.

To mitigate these impacts, modern WWTPs are increasingly turning to auxiliary high-rate treatment
systems specifically designed to manage excess wet weather flows. These systems are optimized to treat
diluted influent that exceeds the plant’s biological capacity, and they offer a cost-effective alternative to
upsizing all mainstream treatment components. High-rate systems typically require a smaller physical
footprint and less complex infrastructure, making them a viable solution where both budget and space
are constrained.

As part of the Stage 1 LWMP, future upgrade options for the CYWPCC were considered. A wet weather
treatment diversion option was identified as part of the long list of options and initially eliminated
because it was deemed to represent a “step down” from the effluent quality currently produced at the
CVWPCC (WSP, 2022, p. 60). The wet weather treatment option that is the basis for CVWPCC's future
pathway includes use of a tertiary filter that was not previously considered. The tertiary filter would be
sized to accommodate the combined flow, thereby contributing to higher effluent quality on an annual
average basis. As a result, the proposed strategy does not represent a compromise in treatment
performance, but rather a hybrid approach that combines flexibility, performance, and cost-efficiency. This
configuration has the potential to align with the long-term objectives of the CVRD, offering both interim
and permanent upgrade pathways that preserve treatment reliability while managing infrastructure costs.

Based on measured hourly influent flow data from 2020 to 2024 at the CVWPCC, the total volume of
influent flow greater than two times the average dry weather flow (i.e., the assumed minimum biological
treatment capacity) has been less than 2.4 percent of the total influent volume (Table 27). Therefore, a wet
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weather treatment process will only operate intermittently to reduce peak influent flows to the biological
treatment process.

Table 27 Percentage of Influent Volume Higher than Two-Times the Average Dry Weather Flow

Year ADWF (m?3/day)( Total Volume Greater | Total Volume (m3) % of Total Volume
Than 2xADWF (m3)

2020 11,656 109,720 5,115,646 2.1%

2021 11,893 133,459 5,509,521 2.4%

2022 11,788 105,257 5,258,391 2.0%

2023 11,810 71,936 5,254,642 1.4%

2024 12,368 130,019 5,638,930 2.3%

Notes:

(1) ADWEF based on historical flow statistics (TM 01 - Methodology and Rationale for Flow and Loads).

Consequently, the option of wet weather treatment using primary clarification and tertiary filtration is an
acceptable approach recognized by the MWR. Other treatment plants in the region with similar /I
challenges to CVWPCC utilize a wet weather treatment system that operates in parallel to the mainstream
biological treatment process. For example, the recently commissioned McLoughlin Point Wastewater
Treatment Plant (WWTP) which services Victoria (BC) and surrounding area is designed with a high-rate
primary clarifier (Densadeg) followed by tertiary filtration. The Metro Vancouver Northwest Langley WWTP
is currently under detailed design and will also operate with a wet weather treatment strategy.

Appendix F provides a detailed description of the baseline upgrade scenario, along with the wet weather
treatment options with or without CEPT alternatives. It also includes the design criteria and assumptions
that inform the upgrade requirements among the alternatives. Below is a summarized explanation of the
selected WWF treatment option and projected upgrade staging evaluated for the CYWPCC. With CEPT
and tertiary filtration, these upgrades provide the CVRD with a broader set of tools to manage future peak
flow conditions while safeguarding effluent quality and regulatory compliance.

8.1.2.1 Basis of Design

The wet weather treatment flow schematic that was evaluated is depicted in Figure 15.

The primary clarifiers would operate as a CEPT system during peak flows to improve quality of primary
effluent. This could increase the capacity of the existing primary clarifiers and defer upgrades. During wet
weather events, diluted primary effluent in excess of the biological treatment capacity would be diverted
to a tertiary filter and blended with secondary effluent. The existing EQ pumps would continue to return
primary effluent to the bioreactors, and the pumped rate would be controlled to ensure the maximum
biological capacity of the system is not exceeded.

MWR specifies that the maximum loading to the secondary treatment process must be limited to

75 percent of twice the ADWF. However, to take a more conservative approach, this evaluation assumes
100 percent of that flow with one unit offline to maintain redundancy. When plant inflows reach this
threshold, wet weather mode is activated. In parallel, the flow to the biological treatment step is set at
twice the ADWF, which will serve as the baseline moving forward.
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Treated wastewater from the biological treatment system would also flow through the tertiary filter under
both dry weather and wet weather conditions. The blended filtered wet weather flow and secondary
effluent would be further disinfected prior to discharge to the outfall.

The assessment was based on implementing the AquaStorm product supplied by Aqua Aerobics.
AquaStorm is designed for high solids loading that is associated with wet weather treatment but can also
be operated year-round, under both dry weather and wet weather flows. The pile cloth has an effective
pore size of 5 microns and piloting results supplied by Aqua Aerobics indicates an average TSS removal
rate of 80 percent for wet weather applications. To be conservative, the process model used to characterize
final effluent results in this assessment assumed a more conservative TSS removal rate of 65 percent.
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Figure 15 Flow Schematic of the Wet Weather Treatment Option Evaluated

8.1.2.2  Upgrade Staging

The upgrade requirements for the primary clarifier, bioreactor, and secondary clarifier were developed for
the wet weather treatment option based on an assumed sizing criteria and capacity assessment detailed
in Appendix F. With this approach, primary and secondary clarifier needs are reduced and deferred later
within the 2060 planning horizon when compared to a conventional approach:

= A fourth primary clarifier is required by 2040 and a fifth by 2060 (Table 28).

= A fourth secondary clarifier is required by 2045 (Table 29).

The wet weather treatment option also requires implementation of CEPT to primary clarifiers and the
installation of a tertiary filter prior to year 2030. For this assessment, the secondary treatment capacity was

assumed to be at least two times the average dry weather flow. Figure 16 presents the staging plan for
this option for the CVWPCC site.
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Table 28 Projected Primary Clarifier Capacity Requirements for Wet Weather Treatment Upgrade Option

No. of Peak Hour Flow ‘ Maximum Month Flow
Trains SOR
(m3/m2/d) (gpd/ft2) (hours) ‘ (m?3/m2/d) (gpd/ft2) ‘ (hours)

2024 3 85 2,170 0.8 41 1,058 1.7
2030 3 103 2,635 0.7 50 1,285 14
2035 3 115 2,930 0.6 56 1,429 1.3
2040 4 91 2,337 0.9 45 1,139 1.8
2045 4 102 2,608 0.8 50 1,272 1.6
2050 4 110 2,799 0.7 53 1,365 1.5
2055 4 115 2,937 0.7 56 1,432 1.4
2060 5 97 2,482 0.9 47 1,210 1.8

Table 29 Projected Secondary Clarifier Capacity Requirements for Wet Weather Treatment Upgrade Option

\[o} Secondary Peak Hour Wet | Maximum Peak Hour Peak Day

Secondary | Treatment Capacity |Weather Day Wet SOR Wet Weather SLR
Clarifiers Diversion Weather

Diversion
(m3/d) ‘ (m3/d) ‘ (m3/m2/d) |(gpd/ft2) | (kg/m2/d) |(Ib/ft2/d)
2024 |3 35,508 0 4,540 28.2 692 725 15
2030 3 35,508 26,083 13,120 28.2 692 92.5 19
2035 |3 35,508 32,971 18,558 28.2 692 106 22
2040 3 35,508 25,661 21,982 28.2 692 115 24
2045 4 47,154 34,132 17,024 28.1 689 90.5 19
2050 4 47,154 40,085 21,724 28.1 689 99 20
2055 |4 47,154 44,381 25,116 28.1 689 105 22
2060 4 47,154 49,542 29,190 28.1 689 113 23

COMOX VALLEY REGIONAL DISTRICT
MASTER PLAN FINALIZATION AND DETAILED DESIGN PHASE 4 UPGRADES 62



SITE MASTER PLAN
JANUARY 2026 / FINAL / CAROLLO

W

L S
=

=l
L]

£

= s

soa 1-18

00FIG0101
PLAN SITE PHASING PLAN
R ST S COMOX VALLEY REGIONAL DISTRICT

Figure 16 Wet Weather Treatment Site Staging Plan

8.1.2.3  Regulatory Objectives

The process model was used to validate the treatment performance to evaluate the potential to meet the
final effluent regulatory criteria for the CVWPCC (as CBODs) and TSS of a monthly average less than

25 mg/L and maximum day less than 45 mg/L. A maximum month, maximum day, and peak hour flow was
simulated based on a historical wet weather inflow from December 25, 2023 to January 1, 2024 and
modelled consecutively as three storms to model the biological treatment bypassing and blending with
filtered secondary effluent. The process model predicts the final effluent cBOD and TSS concentration to
be below the regulatory objectives as shown in Figure 17.
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Figure 17 Process Model Dynamic Output for Simulated Maximum Month Wet Weather Inflow

8.1.2.4  Basis of Design Summary

A comparison of upgrade staging for three alternatives highlighted the benefits of wet weather treatment.
Diverting flow to a wet weather treatment system reduces the need for secondary clarifier capacity and
allows for deferral of capital-intensive infrastructure. Utilizing CEPT increases the capacity of existing
primary clarifiers, deferring these upgrades and contributing to cost savings over the baseline alternative.
A comparison of cost estimates for upgrades to primary clarifiers, bioreactors, and secondary clarifiers
indicates financial and process benefits for the CYWPCC with the wet weather treatment option.

The WWEF treatment option had the lowest net present value among the alternatives evaluated for wet
weather flow treatment. Additional benefits include improved UV disinfection performance due to tertiary
filtration, which enhances UV transmittance and reduces costs. It also allows for the use of reclaimed
water for various purposes, saving 22,000 cubic meters (m®) of potable water annually. Tertiary filtration
improves effluent quality and operational reliability during different weather conditions. Finally, this
option extends the facility's useful life by reducing the need for additional concrete tanks, enabling it to
accommodate future population growth within the existing property lines.

The alternatives were presented to CVRD during a progress meeting on January 23, 2025. Following this
meeting, the selected WWF treatment option was presented to the Sewage Advisory Meeting and the
Sewage Commission Meeting on February 20, 2025, and March 11, 2025, respectively. Following the
meeting to the Sewage Commission, CVRD elected to proceed with the WWF treatment option which
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forms the basis for the future pathway upgrades at the CYWPCC. The new processes of CEPT and tertiary
filtration are included in the facility’s current and ongoing Phase 4 upgrades.

8.2 Implementation Phasing

Based on the hydraulic parameters and wet weather treatment strategy outlined above, the facility
requires staged infrastructure additions at specific capacity thresholds. This phased approach supports
balancing operational needs with capital investments, focusing on implementation when capacity
constraints emerge rather than prematurely.

Phase 4 (2030) establishes the foundation for the wet weather treatment strategy. The liquid train receives
a new headworks facility, CEPT implementation, tertiary filtration system, UV disinfection, and an MLSS
splitter chamber for future train flexibility. Other upgrades include the replacement of process blowers,
RAS Pump A, new service air compressors, and implementation of the reclaimed water system. Supporting
infrastructure includes electrical distribution replacement, service entrance, generator replacement, and
odour control modifications. This sets the stage for future capital investments and further future
expansions.

Phase 5 (2040) expands primary treatment capacity with the fourth primary clarifier and associated grit
removal as flows increase. Scrubber No. 1 reaches end of life and requires replacement with a 47,000 m3/h
unit. Tertiary filtration may require a third unit based on future operating conditions. Automation of the
DAF polymer system is also planned for this phase.

Phase 6 (2045) addresses biological treatment capacity with the fourth bioreactor and secondary clarifier
when existing trains approach redundancy limits. The solids system receives major additions including a
third gravity thickener, secondary storage tanks for both TPS and TWAS, replacement of centrifuges with
higher capacity to handle increased sludge production from CEPT, and a third DAF unit to manage
increased loading. In a phased approach, three new process blowers will be introduced to work in parallel
with the two new blowers to be introduced during Phase 4.

Phase 7 (2060) completes the planning horizon with a fifth primary clarifier for ultimate hydraulic capacity,
and a potential fifth tertiary filter may be required depending on operational conditions and flows. A third
TPS storage tank may be required based on operational monitoring. Scrubber No. 2 requires replacement
at end of life, completing the odour control system renewal.

These phases provide a roadmap for systematic facility expansion while the following sections present the
technical requirements and design considerations for each treatment process.

8.3 Mainstream Liquid Treatment Train

The mainstream liquid treatment train at the CVWPCC consists of the following sequential processes:
influent screening, grit removal, primary clarification, biological treatment, secondary clarification, and
final effluent discharge to the Strait of Georgia via a marine outfall.

As noted in the existing condition assessment and capacity assessment, many components of the current
treatment train are approaching the end of their useful life or operating near or beyond their rated
capacity. To service projected increased population growth, meet future regulatory criteria and
accommodate wet weather flow a phased upgrade of the mainstream liquid train is required. This section
outlines the planned improvements.
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8.3.1 Influent Screening and Grit Removal

A new headworks facility is planned to replace the existing screening infrastructure as part of the Phase 4
upgrades, which has reached the end of its design life and is undersized for future projected flows. This
new facility also accounts for the addition of new grit removal equipment in the future. The new
headworks will be located at a new site on the CVWPCC property to best accommodate the alignment of
the new influent force main, currently under construction.

In 2024, a review of available technologies resulted in the selection of the primary mechanical equipment
for the new headworks. The decision is documented in TM 07 - Headworks Technology Selection
(Appendix G). The memorandum evaluated a range of screening and grit removal technologies based on
performance, operations and maintenance familiarity, lifecycle costs, and compatibility with future flow
projections and wet weather flow conditions.

8.3.1.1 Screening Technology Selection

The perforated plate screen with 6-mm openings was selected due to its high screenings capture
efficiency (typically greater than 80 percent), proven durability, and the CVRD operations team’s positive
experience with similar equipment currently in use. The dual-train layout includes one duty and one
standby screen, providing redundancy and operational flexibility under both average and peak conditions.

8.3.1.2  Grit Removal System Selection

The project team recommended maintaining the existing aerated grit tanks and primary sludge grit
removal systems, which continue to function adequately, but replace the aging mechanical components.
Specifically, grit cyclones, grit classifiers, and associated glass-lined piping will be replaced to restore
efficiency and improve system reliability. This approach balances risk, cost, and implementation
complexity, while minimizing the need for major structural changes. The new headworks facility will
consider provision for a future grit removal facility in the Phase 4 design and within the HGL.

The design basis for both screenings and grit removal systems is presented in the following tables. These
design criteria are aligned with the 2060 planning horizon flows and are intended to provide for
regulatory compliance, robust performance during peak flows, and adaptability to changing influent
characteristics.

Table 30 presents the design criteria for future upgrades of the screenings and grit dewatering system. As
part of the new Headworks Building design, a sampling point upstream of CYWPCC's internal recycle
streams is recommended to obtain sampling and monitoring of influent flow characteristics.
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Table 30 Headwork Screenings Design Parameters

Parameter 2024 2030 ‘ 2040 2050 2060

Average Dry Weather Flow (m3/d) 12,368 15,017 17,754 21,271 23,577

Peak Hour Wet Weather Flow (m3d) | 50,724 61,591 72,815 87,239 96,696

Maximum Instantaneous Flow (m3/d) | 55,888 67,862 80,229 96,120 106,540

Number of Screens (Duty/Standby) 2/1

Screen Type Perforated plate, 6-mm openings.

Grit Cyclones To be sized for two duty plus one standby for 2060 to accommodate a total of five
primary clarifiers.

Grit Classifiers Replacement with new units sized for 2060 loads.

These upgrades form the foundation for future treatment capacity expansion and enhances the facility’s
resilience during extreme wet weather events.

8.3.2 Chemically Enhanced Primary Treatment (CEPT)

During wet weather events, inflow and infiltration can cause wastewater flows to exceed the biological
treatment capacity of the plant. The facility will implement CEPT to enhance primary clarifier performance
and manage wet weather flows exceeding two times average dry weather flow through a separate
treatment pathway. This approach allows the existing primary clarifiers to maintain acceptable treatment
performance at higher surface overflow rates while deferring construction of additional tanks.

For the purposes of this assessment, the primary clarifiers are considered to fall under “primary
sedimentation” under MWR Table 1. Chemical addition is not required under normal operation of the
primary clarification process to function and is not intended to be active for a majority of the time that the
primary clarifiers are functioning. It is also recognized that inflow and infiltration reduction measures are
expected to be implemented, which have not been accounted for in this assessment, further reducing the
need for CEPT in the future.

8.3.2.1 CEPT Process

CEPT improves solids removal through chemical addition, allowing the primary clarifiers to operate
effectively at higher loading rates. The maximum month SOR increases from 42 m3/m?/d (conventional) to
65 m3/m2/d with CEPT, while peak hourly SOR increases from 100 to 120 m3/m?/d. The primary
sedimentation system must maintain capacity to treat 50 percent of design maximum flow with one
clarifier out of service.

During wet weather operation, excess primary effluent will be diverted to the primary effluent equalization
basin, bypassing secondary treatment. This flow will then blend with secondary effluent and pass through
tertiary filters before UV disinfection and discharge to the outfall. An existing diversion chamber at the
eastern end of Bioreactor B will route bypass flows by gravity to the new tertiary filtration unit.

8.3.2.2  CEPT Implementation and Integration with UV System Design

Phase 4 upgrades will include CEPT chemical storage and feed systems, consisting of either totes or a
small chemical tank with dosing pumps housed in a heated facility. The dosing location must provide
adequate mixing time before flows enter the primary clarifiers.
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Preliminary jar testing was conducted to identify an optimal coagulant dose to improve TSS removal.
However, the performance of these chemicals during actual wet weather flows and associated water
quality data is not available, and the blending of primary effluent bypass with secondary effluent
represents an unknown design parameter. Under these circumstances, pilot testing represents an
opportunity to refine CEPT and UV system design.

8.3.2.3  Future Expansion

Under CEPT operation, a fourth primary clarifier is projected to be required by 2040, with a fifth unit
needed by 2060. These units are planned adjacent to Primary Clarifier A and are currently assumed to
match the design of the existing units for consistency in operations and maintenance. Each future primary
clarifier will include aerated grit tanks similar to the existing design to maintain uniform grit removal
performance across all treatment trains. Table 31 presents the design parameters for both existing and
future primary clarifiers.

To support consistent performance across all treatment trains, it is also recommended that primary
effluent hydraulic modeling be completed to assess opportunities for improved flow splitting to the
bioreactors. At present, primary effluent preferentially flows to Bioreactor C, resulting in uneven loading
and potential performance variation between trains.

Given the multi-decade planning horizon, proposed clarifier upgrades should be revisited during future
phases of study and detailed design to evaluate new technologies and evolving best practices. In
particular, the following emerging or advanced primary treatment approaches may warrant consideration
at the time of implementation:

» High rate clarification systems such as ballasted sedimentation (e.g., Actiflo®) or lamella plate settlers,
which offer smaller footprint solutions with rapid solids separation, particularly useful for high-flow or
wet weather applications.

= Primary filtration or microscreening technologies consisting of fine screening or rotating belt filters
that can serve as high-efficiency primary treatment alternatives or supplements to conventional
clarifiers, particularly for wet weather treatment trains.

These and other emerging technologies may offer improved treatment performance, reduced capital and
operating costs, or better integration with energy/resource recovery strategies. As such, CVRD should
maintain flexibility in its planning to allow for incorporation of innovative solutions as they gain full-scale
validation and regulatory acceptance.
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Table 31 Primary Clarifier Design Parameters

Parameter ‘ 2050 ‘ 2060

Maximum Month Flow (m3/d) 24,735 20,034 35,507 42,540 47,152
Peak Hour Wet Weather Flow (m3/d) 50,724 61,591 72,815 87,239 96,696
Primary Clarifiers 3 4 5 5 6
Primary Clarifiers - Type and Dimensions

Type Chain and Flight Collector

Shape Rectangular

Length, Each (m) 32.65

Width, Each (m) 6.10

Depth, Each (m) 2.82

Volume, Each (m3) 561.6
Notes:

(1) The design SOR should not exceed the following industry standards (Source: Metcalf & Eddy, 2014, Table 8-34). Assume
primary clarifiers with CEPT:
- Maximum Month Flow: 42 m3/mZ/d for conventional primary clarifiers or 65 m3/m2/d for primary clarifiers with CEPT.
- Peak Hour Flow: 100 m3/m#d for conventional primary clarifiers or 120 m3/m2/d for primary clarifiers with CEPT.

Table 32 Projected Primary Clarifier Capacity Requirements for CEPT Option

Peak Hour Flow ‘ Maximum Month Flow

SOR [HRT  |SOR HRT

(m3/m?2/d) | (gpift) |(hours) | (m3/m/d) | (gpdfi) | (hours)
2024 |3 85 2,470 0.8 4 1,058 17
2030 3 103 2,635 0.7 50 1,285 14
2035 3 115 2,930 0.6 56 1,429 13
2040 4 91 2,337 0.9 45 1,139 18
2045 4 102 2,608 0.8 50 1,272 16
2050 4 110 2,799 07 53 1,365 15
2055 4 115 2,937 0.7 56 1,432 14
2060 5 o7 2,482 0.9 47 1,210 18

8.3.2.4  Primary Effluent Equalization

The EQ basin is currently used to buffer flows during peak wet weather storm events that coincide with
high tides when the capacity of the outfall is exceeded. The basin is used as required but requires a high
level of effort to clean following use and notification to surrounding residents when in use.

As part of the Phase 4 Detailed Design scope, options were evaluated for converting the EQ basin to
provide flow equalization to improve treatment performance. Covering the existing lagoon-type EQ basin
would provide the additional benefits of mitigating odour concerns and facilitation periodic cleaning via a
sprinkler system. A floating cover was identified as the most practical solution from both technical and
cost perspectives, while a fixed cover was deemed cost-prohibitive due to structural support
requirements. Following a review of example projects and consideration of the viability of floating covers,
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CVRD expressed concerns regarding associated operation and maintenance challenges. Consequently,
alternative approaches were discussed, including:

= Delaying construction of a permanent diurnal EQ basin by implementing staged process
improvements to temporarily manage diurnal variations.

=  Temporarily using an offline primary clarifier during summer months as an interim equalization
measure, acknowledging that this option would provide limited benefit.

A full assessment of these alternatives, particularly their impacts on downstream hydraulic and solids
loading, is recommended prior to inclusion in future phasing. A technical note summarizing the feasibility
of temporarily using an offline primary clarifier for summer flow equalization was prepared and presented
to CVRD as part of the Site Master Plan efforts (Appendix F).

Ultimately, it was decided to defer the EQ basin upgrade to a future phase, primarily due to operational
concerns with floating covers and strategic financial priorities. Future phases should reassess the
cost-effectiveness and feasibility of implementing a dedicated diurnal equalization basin.

8.3.2.5  Primary Sludge Pumps

The condition assessment identified adding VFDs as an upgrade to the primary sludge pumps. This will
provide turndown capacity and operational flexibility to control pumped flow rates to the sludge
thickener. Elevated hydraulic loading to the primary sludge thickener was identified as part of the capacity
assessment to be a potential risk for overloading. The VFD will allow the primary sludge flow rate to be
minimized. Additional sludge pumping capacity is not expected to be required until the fourth primary
clarifier is added.

When CEPT is operating, the rheological characteristics of the chemical sludge produced may increase
pumping head. The capacity of the existing pumped system should be checked as part of the grit removal
upgrade preliminary design to identify any possible gaps.

8.3.3  Bioreactor and Secondary Clarifiers

The staging plan for upgrade of the bioreactors and secondary clarifiers assumes implementation of the
wet weather treatment strategy. Under this scenario, flows in excess of two times ADWF are diverted to
the tertiary filtration system. The bioreactors and secondary clarifiers are assessed based on maximum
month organic loading and flows at average day flow. To meet the regulator requirements, the secondary
treatment process must be able to treat 75 percent of the maximum month design loading with one
bioreactor or secondary clarifier out of service. However, for a more conservative approach, the upgrade
pathway considers 100 percent of that flow, with one unit offline for redundancy.

The existing system includes limited interconnection capability between bioreactors and secondary
clarifiers. However, the planned upgrades include a new mixed liquor splitter box that will enable full
interconnection, allowing flow to be directed from any bioreactor to any secondary clarifier. By
interconnecting the bioreactors and secondary clarifiers, any bioreactor or secondary clarifier can be taken
offline while meeting the MWR reliability criterion and maintaining more mainstream biological treatment
capacity. This enhancement will provide greater operational flexibility, simplify routine and emergency
operations, and support more resilient biological treatment performance. This recommendation is further
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supported by operational stress testing and evaluation work completed by Daigger (2024), which
identified the benefits of improved interconnectivity under varying loading and maintenance scenarios.

The process model was updated to reflect the wet weather strategy and used to assess future bioreactor
and secondary clarifier upgrade staging (Figure 18). The process model reflects preliminary jar testing
results, which identified a polyaluminum chloride product (AluPAC 3902) as the optimal coagulant, dosed
at 10 mg/L (as neat solution).

Coagulant
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Figure 18 Process Model Schematic for Assessment of Future Staging Plan

The model was used to calculate MLSS and loading parameters for the bioreactors and secondary
clarifiers through to 2060. Table 18 summarizes the modelled projected loading scenarios. Based on these
data, the MWR redundancy criterion is expected to serve as the trigger for upgrade of both the bioreactor
and secondary clarifier. The capacity of the secondary clarifier and bioreactor are projected to approach
capacity by 2045.
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Figure 19 Clarifier State Point Analysis for Projected Year 2040 Operation (One Clarifier Offline at 100 Percent twice
ADWEF and SVI = 150 mL/g)

The trigger for upgrade of the bioreactor is based on maintaining a MLSS of less than 3,000 mg/L, which
is expected by year 2045 with one train offline and at 100 percent of twice ADWF.

By 2040, the solids loading rate for the secondary clarifier is near the maximum threshold of 120 kg/m?/d
when one clarifier is offline. A state point analysis for the year 2040 operating scenario where one clarifier
is offline under 100 percent maximum loading (twice ADWF) indicates the solids loading is operating
within the solids flux curve (Figure 19). However, the assessment is based on a maximum SVI of 150 mL/g.
The state point analysis predicts a settling failure if the SVI is greater than 175 mL/g.

The staging plan assumes that addition of a fourth bioreactor train and fourth secondary clarifier will
occur in the year 2040 to 2045 timeframe. However, this assessment should be reviewed every five years
to account for actual performance. In particular, the analysis assumes an SVI of 150 mL/g for the
bioreactor mixed liquor. SVI is a measure of sludge settleability and a key parameter that controls
secondary clarifier capacity and blanket depth under peak loading conditions. The primary objective of
the bioreactor piloting currently being planned for 2025 is to test optimization strategies to improve
sludge settleability and reliably achieve an SVI of 150 mL/g. Results of the pilot testing will inform
upgrades to the existing bioreactors. Therefore, if the testing or subsequent full-scale operation cannot
show that a typical SVI of 150 mL/g is achievable, the timing for upgrade of the secondary clarifier should
be adjusted.

8.3.3.1  RAS Pumping

The condition assessment identified that RAS pumps are cavitating when running at 75 percent capacity
and higher with pump A, which services Secondary Clarifier C, being the most affected. Further
investigation is needed to precisely determine the cause and type of the cavitation experienced in the RAS
pumps. Current assumption, based on plant operational staff perception, is that the pump is experiencing
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suction cavitation due to obstruction on the RAS line coming from the secondary clarifiers or undersized
pipe design. Further details are presented in the Condition Assessment in Appendix C.

Based on monitoring data from December 2023 to November 2024, the secondary clarifiers are operating
with an RAS pumping rate of approximately 70 percent of average influent flow. An average WAS
withdrawal rate of 7.4 percent is taken from the RAS line, downstream of the pumps. Existing and future
RAS rates are provided in Table 33.

Table 33 Predicted RAS Pumping Flows for the Masterplan Horizon of 2060

RAS flow [ RAS flow | RAS flow | RAS flow | RAS flow | RAS flow Number RAS flow [ RAS flow | RAS flow
-ADWF |- ADF - MDF - ADWF |- ADF - MDF - ADWF |- ADF - MDF

(md¥d)  [(m3d) |(med) |(L/s) (Lfs) (Lis) (L/s) (L/s) (Lis)
2024 8,658 11,329 16,556 | 100.2 131.1 191.6 3 33.4 437 63.9
2030 10,512 13,756 16,556  121.7 159.2 191.6 3 40.6 53.1 63.9
2045 13,874 18,155 22,075 |160.6 2101 255.5 4 40.1 52.5 63.9
2060 16,504 21,596 22,075 191.0 250.0 255.5 4 47.8 62.5 63.9

of pumps

The current RAS pumping capacity is estimated at 180 L/s, based on operational parameters observed
during RAS pump flow measurements conducted between 2023 and 2024 and according to CYWPCC
Asset Inventory Update. This capacity is sufficient to accommodate the plant’s average daily flows.
However, it appears to be inadequate for handling peak daily flows. RAS pumps will be replaced as part of
Phase 4 upgrades to address capacity demand and cavitation concerns, improving pumping reliability.
Pumping capacity should be increased by 2045 in conjunction with planned secondary treatment
upgrades. Ideally, higher-capacity pumps should be considered to accommodate projected flows through
to 2060. Further investigation is recommended to determine the root causes of cavitation and adequacy
of RAS line.

8.3.3.2 WAS Pumping

WAS is estimated at 7.3 percent of RAS pumping flows, as per measurements between December 2023
and November 2024. Predicted flows for WAS pumps range from 9.6 L/s at average flow as ADF to 14.0
L/s at peak flow, as MDF (Table 34). After secondary treatment upgrades in 2045, flows range from 15.3
L/s average to 18.7 L/s at peak.

Table 34 Predicted WAS Pumping Flows for the Masterplan Horizon of 2060
WAS - ADWF WAS - ADF | WAS - MDF | WAS - ADWF | WAS - ADF WAS - MDF

[m3/day] [m3/day] [m3/day] [L/s] [L/s] [L/s]
2024 632 827 1,209 7.3 9.6 14.0
2030 767 1,004 1,209 8.9 11.6 14.0
2045 1,013 1,325 1,612 1.7 15.3 18.7
2060 1,205 1,577 1,612 13.9 18.2 18.7

The current WAS pump capacity is estimated to be 20 L/s, based on the CYWPCC Asset Inventory Update,
and is provided by two pumps. Even under current flow conditions, the system lacks sufficient capacity,
with no redundancy available to accommodate average or peak flows projected for 2030 onwards.
Upgrades to the WAS pumping system should be considered as part of the bioreactor improvements. In
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particular, provisions for surface wasting of mixed liquor should be incorporated into all bioreactor trains
to enable operational flexibility and support the selective removal of filamentous bacteria.

8.3.3.3  Bioreactor Process Air Supply Upgrades

The condition assessment noted that the existing process air blowers are operating beyond the typical
design mechanical life. Therefore, staged upgrade of blowers is planned as part of Phases 4 and 6
upgrades, with two blowers to be replaced in Phase 4 and three blowers in Phase 6. During pre-design,
consideration will be given to retaining one or more existing centrifugal blowers for standby capacity or
to operate in parallel with new blowers to supply the full range of process air demand. Table 35
documents the estimated process air demand for the planning horizon. The year 2045 operational
scenario is included as a potential mid-point for the blower upgrade planning and is associated with
implementation of the fourth bioreactor.

Table 35 Projected Bioreactor Process Air Demand for the Planning Horizon

Operational Scenario

Design Criteria Existing Process (Estimated) | Year 2045 Year 2060
o o o

Peak 6,892 4,056 10,154 5,976 12,207 7,184
Average 2,880 1,695 4,744 2,792 5,757 3,388
Minimum 1,957 1,152 2,379 1,400 2,889 1,700

Nm3/h - normal cubic metres per hour; scfm - standard cubic feet per metre

8.3.3.4  Future Expansion

Based on the current staging plan, a fourth bioreactor and secondary clarifier are anticipated between
2040 and 2045. This timing is driven by projected mixed liquor concentrations and clarifier solids loading
under maximum month conditions, as well as the need to meet MWR redundancy requirements with one
train offline. However, final upgrade timing should be confirmed through routine performance reviews,
including tracking of actual SVI and clarifier performance under stress loading.

As the system approaches capacity and operational experience is gained, CVRD should revisit the upgrade
strategy to incorporate emerging technologies and best practices that may offer greater performance,
resilience, or operational efficiency. Key technologies to consider at the time of expansion may include:

= Hydrocyclone-based wasting technologies. These work to densify the solids stream by selectively
removing light, slow-settling solids from the bioreactor using hydrocyclones, thus improving
settleability and clarifier performance. This could extend the useful life of existing clarifiers and reduce
SVl variability, delaying or downsizing clarifier expansion.

= Aerobic Granular Sludge (AGS) is a relatively compact, high-rate treatment process that promotes
formation of dense, fast-settling granules, allowing for simultaneous removal of carbon, nitrogen, and
phosphorus in a single reactor. AGS systems can reduce clarifier requirements and are gaining
adoption in temperate climates.

* Integrated fixed film activated sludge (IFAS) introduces the addition of carrier media to bioreactors to
increase biomass retention and treatment capacity without increasing tank volume. IFAS can be used
to retrofit existing tanks to meet future loading without full expansion.
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= Advanced clarifier configuration technologies such as lamella tube settlers or stacked plate modules
within secondary clarifiers may improve solids separation performance under peak loading and
increase clarifier throughput without additional footprint.

= High-rate biological systems or SBR hybridization such as high-rate activated sludge (HRAS) or
sequencing batch reactor (SBR) hybrids may offer more adaptive operation under variable loading,
supporting wet-weather flow strategies while improving effluent stability.

=  Biomass separation using membranes, and while not immediately applicable to CVWPCC's current
configuration, membrane-based secondary clarification (MBRs or hybrid sidestream MBR polishing)
may become more viable for future process intensification or advanced effluent polishing needs.

Each of these technologies presents an opportunity to increase treatment capacity, enhance settleability,
or reduce the footprint of future expansion. Incorporating flexibility in the layout and piping of future
bioreactor and clarifier installations will allow CVRD to adapt to emerging technologies as they become
proven and accepted in full-scale applications.

8.3.4  Tertiary Filtration

Primary effluent during wet weather events will be blended with secondary effluent and then filtered.
Additionally, treated wastewater from the biological treatment system will flow through the tertiary filter
under both dry weather and wet weather conditions.

The basis of design for the tertiary filters is a dual-use disk filter modified for wet weather flows.
AquaStorm® cloth media disk filters are supplied by Aqua-Aerobic Systems, Inc. and these filters are
designed for high solids loading associated with wet weather treatment but can also be operated year-
round under both dry weather and wet weather flows. The cloth media is designed for increased
robustness to handle high solids waste from primary effluent, with added features to handle solids in the
basin. The tertiary filtration will include at least two units and be sized to treat 75 percent of peak hourly
flow with one unit offline.

The AquaStorm® largest unit has a rated peak flow capacity of 91,718 m3/d which aligns closely with the
2060 PHF projection of 96,696 m3/d. Two units with 24 disks per unit would allow for one unit offline
while maintaining a minimum of 75 percent of the design maximum flow. This arrangement would also
allow for maintenance on one unit while one unit remains in operation.

Another approach that allows for additional flexibility in operation and avoids potential control issues with
the downstream UV disinfection unit during backwash cycles, is to proceed with a medium sized unit with
more filter units. Aqua Aerobic’s mid-sized units have a rated peak flow capacity of approximately 26,000
m?3/d. The provision of three filter units now will be sufficient to the 2035 to 2040 timeframe, at which
point monitoring and assessment of actual realized flows can be reviewed to confirm the need for a
fourth filter unit, which will provide capacity through to the 2060 planning horizon.
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Table 36 Proposed Approach to Tertiary Filtration

Parameter Value

Number of Filter Units 3+ 1 (future)
Number of Disks per Filter Unit 16
Maximum Capacity per Filter Unit, m3/d 26,000
Maximum Capacity with One Unit Offline (2+1), m3/d 52,000
Maximum Capacity with One Unit Offline (3+1), m3/d 78,000
75% of design maximum flow (PHF), m3/d

2030 46,193
2035; evaluate need for fourth filter to meet flows 51,360
2040 54,611
2045 60,965
2050 65,429
2055 68,651
2060; four filters can meet 2060 planning horizon 75,522

8.3.5 Ultraviolet Disinfection

CVRD has committed to implementing effluent disinfection using UV disinfection technology as part of
the Phase 4 upgrades. The UV disinfection system will be designed to comply with MWR requirements
(Part 3, Division 1, Clause 34; Part 6, Division 1, Clause 91 and 96). These requirements represent a more
stringent fecal coliform limit, from 200 MPN/100 mL for recreational use waters to 14 MPN/100 mL for
shellfish bearing waters and requires a sizing of multiple units of disinfection to allow for 75 percent of
the design maximum flow (PHF) with the largest unit out of service. For shellfish bearing waters, one
redundant bank per channel is required.

The critical parameters used to size a UV disinfection system include flow, UV dose, UV transmittance
(UVT), UV equipment design factors (quartz sleeve fouling and end of lamp life), hydraulic and level
control considerations, and redundancy.

Collimated beam tests were performed to identify the UV dose by establishing a target organism
response to various UV dose levels. The challenged organism’s concentration is measured before and
after exposure to UV light for a given period with varying UV dose levels. A response curve is then
generated showing organism concentration versus UV dose in millijoules per square centimeter (mJ/cm?).
Based on the results of the collimated beam tests, the recommended design dose for the CVWPCC is a T1
dose of 18 mJ/cm?, while the UV dose required to reliably comply with the shellfish bearing water limits is
a MS2 reduction equivalent dose (RED) of 50 mJ/cm?.

The 2060 PHF of 96,696 m3/d was used for the design flow for the system. A design UVT of 50 percent has
been conservatively selected based on the limited number of UVT samples collected. With the wet
weather flow (WWF) treatment option, additional review of the effluent quality during peak wet weather
flows is recommended to confirm the UVT when there is bypassing of the biological process. During WWF
events, the UV disinfection system will receive filtered secondary effluent and filtered primary effluent.
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The Trojan UVSigna (two-row) UV system was preselected for this project. The UV system for the future
buildout would have two channels with six banks per channel. Each bank consists of 16 lamps. The Trojan
UVSigna (two-row) UV system uses a lamp aging factor of 0.86 and a sleeve fouling factor of 0.94. A
steel-framed roof canopy system will be installed over the UV filter units to provide weather protection,
including foundation pads and structural support.

8.3.6 Ocean Outfall

The outfall consists of 3,000 m of 900-mm diameter CPP running along the foreshore from the CVWPCC
and 3,000 m of 860-mm diameter steel pipe extending offshore from the foreshore into the Strait of
Georgia. The pipeline conveys effluent to a 175-m-long, 610-mm diameter diffuser equipped with 60 pairs
of open ports regularly spaced and ranging from 75 mm to 152.4 mm in diameter. The diffuser is located
at an average depth of 60 metres. Originally designed to accommodate up to 67 MLD of effluent
discharge, recent assessments have identified hydraulic and mechanical limitations under peak flow and
high tide conditions (WSP, 2024).

A condition assessment of the majority of the onshore CPP section of the outfall was conducted in
February 2025 and found the outfall structurally sound and suitable for medium-term use under
pressurized conditions (PureTech, 2025). A remote operated vehicle inspection of the offshore section of
the outfall was completed in 2023. Key findings included observed leakage at the diffuser wye, some signs
of corrosion on the pipe exterior, a few areas where there is damage to the concrete pipe
ballast/encasement and 14 diffuser ports not discharging effluent at the time of inspection.

Phase 4 includes effluent pumping station modifications to address these hydraulic constraints by
pumping effluent during wet weather events. A hydraulic study is planned to assess system capacity under
future conditions including sea level rise, evaluate backpressure and subsequently pumping requirements,
and analyze the impact of outfall limitations.

Planned upgrades to the effluent storage basin and pump station are expected to extend the outfall’s
service life by approximately 10 years, mainly due to higher pumping capacity. The pumping station
modifications are being designed with capacity to support operations through 2050, providing flexibility
to defer outfall replacement based on future condition assessments.

8.3.7  Current Outfall Upgrade Considerations

Based on the findings of the assessment and subsequent direction from CVRD, the planned outfall
replacement has been deferred. Instead, the Phase 4 upgrade program will now include infrastructure
modifications to pressurize the outfall and extend its service life by at least 10 years. The design will also
account for potential future upgrades to further increase pressure capacity for an additional 5 to 10 years,
subject to the outcome of future condition assessments. Additional consideration will be given to the
steel components of the outfall near the wye fitting, one of which was previously identified as leaking
during a separate inspection by Great Pacific.

This revised approach reflects a shift in the CVRD's long-term planning strategy, from full outfall
replacement to staged life extension, supported by updated flow projections and ongoing condition
monitoring.
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8.4 Solids Treatment Train

In this section, the staging plan for the CYWPCC sludge processing and handling infrastructure was
developed based on future sludge projections to year 2060. The staging plan considered capacity of
existing unit processes, redundancy and system resilience. Detailed assessment is presented in
Appendix H - TM 08 - Solids Treatment Train Future Upgrade Analysis.

8.4.1 Primary Sludge Gravity Thickener

The existing gravity thickeners at CVWPCC were evaluated using standard design parameters: SOR and
SLR. Under current conditions, the system operates near or above typical design thresholds, with SOR
values reaching 33.25 m?®/m?/day with both thickeners online and 66.50 m®/m?/day with one offline,
exceeding the recommended range and reducing thickening efficiency. This is largely due to fixed-speed
sludge pumps that result in low TS concentrations. By increasing the TS concentration of primary sludge
to 1 percent, the SOR could be significantly reduced, improving performance and aligning with design
criteria. In this scenario, the system would be limited by solids loading rather than hydraulic capacity.

The gravity thickener capacity and projected primary sludge production over time are shown in Figure 20.
Although redundancy for gravity thickeners is not mandated by MWR, maintaining at least 75 percent of
maximum flow with one unit offline is considered best practice. Currently, CVWPCC lacks sufficient
redundancy to meet thickening needs during maintenance, relying on flow reductions and in-tank
thickening to manage short-term constraints. As sludge production increases, this approach will become
less viable, highlighting the need for expanded thickening capacity. To address this, three upgrade
alternatives have been developed, each reflecting different redundancy strategies, projected loading
scenarios, and risk tolerances.
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Figure 20  Capacity of Gravity Thickener and Primary Sludge Productions

To support long-term capacity planning, the Site Master Plan reflects the addition of new gravity thickener
by 2045. In the interim, CVRD has expressed interest in evaluating opportunities to increase the allowable
SLR to defer capital upgrades while continuing to monitor operational impacts, particularly as they relate
to performance of the primary clarifiers.

As these gravity thickening system upgrades are intended to support facility needs through 2060, it is
important that design criteria, equipment selection, and process technologies be revisited during future
planning stages and detailed design. This will allow CVRD to incorporate updated industry practices,
respond to evolving solids handling strategies, and evaluate emerging technologies that may offer
improved performance, reduced operational costs, or better integration with downstream processes.

Recommendation
Process Unit ‘ Process ‘ Recommendation
Gravity Thickener TPS = Provide third gravity thickener in 2045.

8.4.2 Dissolved Air Flotation Upgrade Staging Plan

CVWPCC currently operates two DAF units, each capable of processing up to 5,165 kg/d of WAS, allowing
the facility to meet peak weekly production demands even with one unit offline. While redundancy for
DAF units is not mandated by MWR, maintaining the ability to process at least 75 percent of maximum
WAS flow during maintenance or failure is recommended for operational reliability. As WAS production is
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expected to increase through 2060, Figure 21, sustaining this flexibility will become more difficult without
additional capacity. To address future needs, three alternatives have been developed for adding a third
DAF unit, based on projected WAS loading, existing system performance, and desired redundancy levels.
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Figure 21  Capacity of DAF and WAS Projections

The analysis indicates that, even during peak weekly demand and with one DAF unit out of service, the
current system can support the projected load through 2040. Given that one DAF unit was commissioned
in 2003 and is approaching the end of its 20-year service life, regular structural and mechanical
assessments are recommended to ensure reliable operation through at least 2040. To improve operational
efficiency and polymer dosing consistency prior to the third DAF installation, automation of the existing
DAF polymer system is recommended for Phase 5 (2040). Automated polymer dosing will optimize
chemical usage, reduce operator workload, and improve thickening performance. To maintain long-term
system resilience, it is recommended that a third DAF unit be added by 2045, in conjunction with Phase 6
upgrades. Design considerations should prioritize hydraulic and solids loading rates, with hydraulic
loading identified as the primary constraint. Maintenance records and condition assessments will be
critical in guiding future upgrade or replacement decisions.
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Recommendation

Process Unit ‘ Process Recommendation

DAF TWAS = Automate DAF polymer dosing system in 2040.
= Provide third additional DAF in 2045.

8.4.3 TPS and TWAS Storage Tanks

The solids handling system consists of two 330 m? rectangular sludge storage tanks, one for TPS and one
for TWAS. TPS is conveyed from gravity thickeners, while TWAS is pumped from DAF units. Both tanks are
equipped with mixers to maintain sludge quality and prevent septicity and feed pumps that deliver
blended sludge to the centrifuge dewatering system via a common header. A cross-transfer pump allows
sludge movement between tanks. While the current setup supports daily operations efficiently, future
increases in solids loading will require reassessment of storage capacity to maintain process flexibility and
resilience, particularly during periods when the centrifuges are offline (e.g., long weekends or
maintenance events).

8.4.3.1  TPS Storage Tank Assessment

The existing TPS storage tank, with a capacity of 330 m?, is insufficient to meet the current maximum week
TPS production of 142 m3/d under the recommended three-day storage guideline, see Figure 22. Also, by
2060, projected TPS flows should reach 310 m3/d, requiring a total of 930 m? of storage. While temporary
adjustments to the sludge blanket in gravity thickeners may offer short-term flexibility, they are not
reliable for long-term planning. To address this shortfall, a phased expansion strategy is proposed by
adding one additional TPS tank by 2045, and a potential third unit 2060. Upgrades should be aligned with
the installation of higher-capacity centrifuges, which may eliminate the need for the third tank.
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Figure 22 Capacity of TPS Storage Tank and TPS Productions

8.4.3.2 TWAS Storage Tank Assessment

The existing TWAS storage tank currently meets the maximum week flow of 110 m>/d (see Figure 23) but
projections indicate that by 2040, flows will increase to 116 m3/d, exceeding its capacity. By 2060, TWAS
flows are expected to reach 152 m?/d, requiring 456 m* of storage to maintain three days of retention. To
ensure operational flexibility and redundancy, an additional 330 m® TWAS tank is recommended. Although
this expansion could be implemented by 2040, the Site Master Plan defers it to 2045, as CVWPCC can
manage interim storage needs until then, supporting projected loading conditions through 2060.
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Figure 23 Capacity of TWAS Storage Tank and TWAS Productions

Recommendation

Process Unit Process Recommendation

TPS Tank Storage of TPS prior to dewatering = Provide second TPS storage tank in 2045.
= Potential third TPS storage tank in 2060.
TWAS Tank Storage to TWAS prior to dewatering = Provide second TWAS storage tank in 2045.

8.4.4 Centrifuge Dewatering

CVWPCC currently operates one centrifuge for 40 hours per week, with a second unit on standby and the
option to extend runtime or use available storage during process interruptions. However, as solids loading
increases through 2060, this strategy will need to be reevaluated. Projections show that combined TPS
and TWAS sludge production (Figure 24), could exceed centrifuge capacity as early as 2030 under
maximum week conditions, especially if redundancy is required. Upgrades to the centrifuge dewatering
are needed and consider different operating durations, redundancy needs, and population growth.
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Figure 24 Capacity of Centrifuge and Total Thickened Sludge Productions

The strategy for upgrading the dewatering centrifuges should be coordinated with TPS and TWAS storage
expansion, as discussed previously. Additional storage should temporarily offset the need for immediate
centrifuge upgrades by accommodating short-term increases in sludge production.. CVRD has confirmed
that current centrifuge and tank capacity is sufficient for near-term operations. As a result, the Site Master
Plan recommends replacing the existing centrifuges with higher-capacity units in Phase 6 by 2045 to meet
projected demands through 2060.

Recommendation
Process Unit ‘ Process ‘ Recommendation

Dewatering Centrifuges | Dewatering of TPS and TWAS priorto = Provide higher capacity centrifuges by 2045.
transfer to composting facility.

8.4.5 Alternatives for Capacity Upgrades of the Centrifuge Solids Processing
and Handling Summary

Table 37 summarizes recommended infrastructure upgrades for the solids treatment train, based on the

alternatives analysis presented in Section 8.4. Recommendations are aligned with projected solids loading
through 2060 and reflect considerations for redundancy, operational risk, and phased capital investment.
Where practical, the Site Master Plan emphasizes staged implementation to maintain flexibility and defer
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costs. Final design decisions should be revisited during future planning stages to reflect updated
performance data, condition assessments, and evolving best practices. In addition, several emerging or
alternative technologies are identified for each unit process, offering opportunities to improve
performance, reduce footprint, or lower operational costs as they gain industry acceptance.

Table 37 Recommended Upgrades for Solids Treatment Based on Alternatives

Process Unit | Process Recommendation
Gravity Thickening of Primary Sludge (TPS) using Gravity Settling: =  Provide third gravity
Thickener - thickener in 2045.

Alternative thickening technologies to consider include inclined plate
settlers, gravity belt thickeners, rotary drum thickeners, low-speed
centrifugal thickeners, and multi-disk screw thickeners, each offering
potential advantages in footprint, energy use, or solids capture.

DAF TWAS using Dissolved Air Flotation: = Provide third
= Alternative TWAS thickening technologies include gravity belt, rotary additional DAF in
drum, centrifugal, screw press, and membrane systems, as well as 2045.
emerging hybrid configurations, offering varying benefits in footprint,
solids capture, and operational efficiency.
TPS Tank Storage of Thickened Primary Sludge Prior to Dewatering: = Provide second TPS
= Alternative TPS storage strategies include mixed holding tanks, in-tank storage tank in 2045.
gravity thickening, combined TPS/TWAS blending tanks, and = Potential third TPS
space-efficient vertical or hopper-bottom silo designs with potential for storage tank in 2060.
passive thickening and improved handling.
TWAS Tank | Storage of Thickened WAS Prior to Dewatering: = Provide second
= Alternative TWAS storage approaches include mixed or aerated tanks, in- | WAS storage tank
tank thickening, climate-controlled designs, and equalization systems, all in 2045
aimed at improving sludge uniformity, handling, and process stability.
Dewatering Dewatering of Blended TPS and TWAS Prior to Offsite Transfer: = Provide higher
Centrifuges |« Alternative dewatering technologies include belt, screw, rotary, and filter Eapzaocg centrifuges
y .

presses, emerging electro-dewatering, and hybrid systems—offering
varying trade-offs in dryness, energy use, and operational complexity
compared to conventional centrifuges.

8.5 Support Infrastructure

8.5.1 Foul Air Treatment

The control of odour is an important part of the operation of wastewater treatment plants. It supports
maintaining good relations with the community, ensuring health and well-being, and complying with
environmental and safety regulations. Unpleasant odours can lead to complaints from nearby residents,
causing friction and potential legal challenges. While most odours do not pose serious health risks, they
can cause discomfort, headaches, and stress, affecting the quality of life for both workers and residents.
Effective odour management also prevents equipment corrosion caused by gases like H,S, ensuring
operational efficiency and longevity. Additionally, controlling odours enhances the public perception of
WWTP as a responsible and professional operation.

During the wastewater treatment process, several gases with distinct characteristics and implications are
released. H.S is known for its strong, unpleasant odour and can cause corrosion of plant infrastructure. At

COMOX VALLEY REGIONAL DISTRICT
MASTER PLAN FINALIZATION AND DETAILED DESIGN PHASE 4 UPGRADES 85



SITE MASTER PLAN
JANUARY 2026 / FINAL / CAROLLO

elevated levels, it poses health risks such as respiratory issues and eye irritation. Ammonia (NHs), another
common gas, has a pungent smell and can be harmful in high concentrations, causing respiratory
problems and contributing to nutrient pollution in water bodies. Methane (CH4), a potent greenhouse gas,
is produced during anaerobic conditions and can be explosive in confined spaces. Carbon dioxide (CO,),
while less odourous, contributes to greenhouse gas emissions and global warming. Additionally, at
elevated levels, VOCs and aldehyde-ketone gases can be toxic and have strong odours, impacting air
quality and posing health risks to workers and nearby residents. The flow diagram in Figure 25 depicts the
main gases released from different areas of the CYWPCC.

Primary . Secondary Treated
HERdwarks S —», Clarifiers 77T Bloreactors—> Clarifiers Effluent
el B ey —— 1
| |
H:5, NHz and VOCs | | MNHz and VOCs

| |

| v
L— |p Sludge > Sludge > Biosolids
Thicknening Dewatering Disposal

H.5, MHz and VOCs

Figure 25  Main Hazardous Gas Emissions in the CYWPCC

In BC, odour control regulations for WWTPs are primarily governed by the Environmental Management
Act, which provides a comprehensive framework for managing air quality, including odourous air
contaminants. The British Columbia Ministry of Environment has developed specific guidelines for odour
management that include performance criteria, impact assessments, and mitigation strategies. These
guidelines assist WWTPs in implementing effective odour control measures, such as scrubbers, biofilters,
and activated carbon systems, to minimize the release of odourous compounds into the environment.

Local municipalities play an important role in managing odour emissions from wastewater treatment
plants, often through tailored bylaws and regulations that reflect the unique needs of their communities.
While the CVRD has no specific bylaw addressing odour complaints, it has implemented proactive
measures to reduce operational impacts on nearby neighbourhoods. Demonstrating its commitment to
being a good neighbour, the CVRD has consistently responded to community concerns since the plant's
installation. This includes upgrading odour control systems, actively tracking resident complaints, and
addressing issues promptly to maintain transparency and trust.

8.5.1.1 Existing System

The CVWPCC has had an odour control system in place since 1997 to comply with NFPA 820 standards
and mitigate the impact of odours on the surrounding community. The existing system comprises two
chemical scrubbers, an AC polishing unit, and a stack. These scrubbers are designed to remove H,S and
total reduced sulphur (TRS) from the foul air stream.
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Scrubber 1, with a rated capacity of 27,000 m?/h, was originally installed in 1997 to treat foul air from the
headworks and sludge handling areas. It is a chemical scrubber that utilizes sodium hydroxide (NaOH) and
sodium hypochlorite (NaOCl) to neutralize and remove odourous compounds. However, odour concerns
from the surrounding community were still persistent. To address this, an AC polishing unit with a capacity
of 30,600 m3/hr was installed in 2018 to further polish the foul air and remove additional odourous
compounds and covers were installed on the primary clarifiers. The upgrade also treats part of the gases
prevenient from the primary clarifiers.

In addition, CVWPCC began collecting and treating the foul air from the primary clarifiers. Together with
the foul air from the headworks and sludge handling area, the new foul air from primary clarifiers was
included and routed through Scrubber 1 followed by the AC polishing unit. Despite these efforts, odour
issues persisted in the surrounding area. As a result, in 2021, CVWPCC started treating the foul air from
the bioreactors and also installed a second new chemical scrubber (Scrubber 2) with a rated capacity

of 41,000 m3/h. Similar to Scrubber 1, Scrubber 2 also uses NaOH and NaOCI to neutralize and remove
odourous compounds.

With two scrubbers available in 2021, the foul air flow from the process areas was redirected from
Scrubber 1 to Scrubber 2, and the foul air flow from Scrubber 2 was routed to the AC polishing unit for
further treatment. Since then, Scrubber 1 has been dedicated to treat the foul air from the bioreactors,
while Scrubber 2, followed by the AC polishing unit, handles the more odourous foul air from the
Headworks, Grit Building, aerated grit tanks, primary clarifiers, Sludge Dewatering Building, sludge
thickeners, sludge holding tanks, truck loading area, and operator/equipment area. The treated air from
both Scrubber 1 and the AC polishing unit is ultimately discharged to the atmosphere through a single
1,000-mm stack.

Figure 26 shows a schematic of the existing odour control system configuration.
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Figure 26 Existing Odour Control System Schematic

The main features of the major equipment of the odour control system are presented in Table 38.

Table 38 Odour Control System Major Equipment

Equipment ‘ Main Features

Fan 1 (B-810) Type: FRP Centrifugal; Pressure: 3,000 Pa; Power: 40 hp
Chemical Scrubber 1 Type: FRP; Diameter: 2,450 mm; Capacity: 27,000 méh
Fan 2 (B-812) Type: FRP Centrifugal; Pressure: 3,000 Pa; Power: 75 hp
Chemical Scrubber 2 Type: FRP; Diameter: 2,450 mm; Capacity: 41000 m3/h
Activated Carbon Unit Type: 304 Stainless Steel; Capacity: 30,600 m¥h

Stack Type: FRP; Diameter: 1,000 mm

FRP - fibre-reinforced polymer; Pa - pascal

At present, foul air generated from the different process areas is being treated before discharging to the
atmosphere. Scrubber 1 handles approximately 21,020 m?/h of foul air generated from the three existing
bioreactors. Scrubber 2, in conjunction with an AC polishing unit, handles approximately 29,559 m?/h of
foul air generated from the headworks, primary clarifiers, solids handling facilities, and the operator/
equipment areas. The volume of flow per hour currently extracted by each area on the existing system is
estimated based on record drawings, air balancing reports, and information provided by CVRD (Table 39).
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Table 39 Existing System Airflow Rate

FOA Treatment ‘ Area | Room (No. of Units) ‘ Airflow Rate (m3/h)
Existing (Scrubber 1) Secondary Treatment Bioreactors and Channels (1-3) 21,020
Total - Scrubber 1 21,020
Remaining Capacity - Scrubber 1 6,000
Existing Headworks Headworks Building (1) 965
(Scrubber 2 and AC Unit)  Heagworks Aerated Grit Tanks and Channels (1-3) ' 1,743
Primary Treatment Primary Clarifier (1-3) 2,381
Solids Handling Sludge Dewatering Building (1) 6,175
Solids Handling DAF Building (1) 2,595
Solids Handling Gravity Thickener (2) 600
Solids Handling Sludge Holding Tanks (2) 3,800
Solids Handling Truck Loading Area (1) 2,650
General Operator Area/Equipment Area (1) 8,650
Total - Scrubber 2 29,559
Remaining Capacity - Scrubber 2 11,441; 1,001(1)
Notes:
(1) Remaining capacity without increasing capacity of the AC polishing unit.
FOA - foul air

8.5.1.2  Foul Air Treatment Upgrades

Through the 2060 planning horizon, additional liquids and solids treatment units will be installed to
accommodate projected flow and loads to CVWPCC. The anticipated foul air flow rates associated with
these future treatment units are summarized in Table 40.

Table 40 Future System Airflow Rate

Airflow Rate
Year |Area Area (No. of Units) (m3/h) Basis
2030  Headworks Headworks Channel and Screen (1) 900 Assumed:
Width=2m
Length=15m
Depth=2.5m
Air changes per hour = 6
Headworks Headworks Building (1) 14,688 Assumed:
Width =16 m
Length=17m
Height=4.5m
Air changes per hour = 12
Additional Foul Air by 2030 15,588
2040 | Headworks Aerated Grit Tank 4 (1) 581 Based on 2021 Odour Control
Upgrades Contract
Primary Treatment | Primary Clarifier 4 (1) 794 Based on 2021 Odour Control
Upgrades Contract
Additional Foul Air by 2040 16,963

COMOX VALLEY REGIONAL DISTRICT
MASTER PLAN FINALIZATION AND DETAILED DESIGN PHASE 4 UPGRADES 89



SITE MASTER PLAN
JANUARY 2026 / FINAL / CAROLLO

Airflow Rate
Year |Area Area (No. of Units) (m3/h) Basis
2045 | Secondary Bioreactor 4 and Channel (1) 7,007 Based on Air Balancing Report, 2021
Treatment
Solids Handling Gravity Thickener (1) 300 Based on 2021 Odour Control
Upgrades Contract
Solids Handling TPS Storage Tank (1) 1,900 Based on 2021 Odour Control
Upgrades Contract
Solids Handling TWAS Storage Tank (1) 1,900 Based on 2021 Odour Control
Upgrades Contract
Additional Foul Air by 2045 28,069
2060 | Headworks Aerated Grit Tank 5 (1) 581 Based on 2021 Odour Control
Upgrades Contract
Primary Treatment | Primary Clarifier 5 (1) 794 Based on 2021 Odour Control
Upgrades Contract
Solids Handling TPS Storage Tank (1) 1900 Based on 2021 Odour Control
Upgrades Contract
Additional Foul Air by 2060 31,344

With the anticipated estimated foul air, the capacity of both Scrubber 1 and Scrubber 2 will need to be
increased to accommodate the new upgrades. This approach is based on optimizing existing assets and
deferring major capital upgrades, such as replacement of Scrubbers 1 and 2 to later years. The airflow
management strategy proposed is based on the following key findings:

= Scrubber 1 is nearing 30 years of operation, with an expected service life of 40 years. Therefore, an
upgrade will be required around 2040.

* Scrubber 2 has a rated capacity of 41,000 m3/h, but its operational use is constrained by the
downstream AC Polishing Unit, which has a capacity of 30,600 m3/h. The AC Polishing Unit was
originally installed for Scrubber 1 in 2018, and the most recent system upgrade included a valve
arrangement that allows airflow to be diverted between Scrubber 1 and Scrubber 2.

= Scrubber 2 is expected to reach the end of its operational life around 2060; at this point, a full
replacement will be necessary.

Based on the points discussed above, Table 41 and Table 42 present the proposed airflow management
strategy, which involves treating air using existing Scrubber 1 and Scrubber 2, respectively. The rationale
behind the proposition is that the stronger odours will be treated through Scrubber 2 and AC Polishing

Unit, and the remaining ones treated in Scrubber 1. In addition, the treatment units will be utilized until

the end of their operational lifespans.
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Table 41 Airflow to Scrubber 1

Airflow Rate (m?/h)
FOA Treatment Area Room 2030 2040 2045 2060

Scrubber 1 Secondary Treatment  Bioreactors and Channels (1-3) 21,020 121,020 21,020 |21,020
Divert from Scrubber 2  Headworks Aerated Grit Tanks (1-3) 1,743 1,743 1,743 1,743
to Scrubber 1

Divert from Scrubber 2 | Primary Treatment | Primary Clarifiers (1-3) 2,381 2,381 2,381 2,381
to Scrubber 1

Scrubber 1 Headworks Aerated Grit Tank 4 (1) - 581 581 581
Scrubber 1 Primary Treatment | Primary Clarifier 4 (1) - 794 794 794
Scrubber 1 Secondary Treatment Bioreactor 4 and Channels (1) - - 7,007 7,007
Scrubber 1 Headworks Aerated Grit Tank 5 (1) - - - 581
Scrubber 1 Primary Treatment  Primary Clarifier 5 (1) - - - 794

Total 25,144 26,519 33,525 34,900

Table 42 Airflow to Scrubber 2

Airflow Rate (m3/h)

FOA Treatment 2030 [2040 2045

Scrubber - 2 and AC Polishing Unit | Solids Sludge Dewatering Building (6,175 6,175 |6,175 6,175
Handling (1)

Scrubber - 2 and AC Polishing Unit  Solids DAF Building (1) 2595 2595 2595 2595
Handling

Scrubber - 2 and AC Polishing Unit | Solids Gravity Thickener (2) 600 600 600 600
Handling

Scrubber - 2 and AC Polishing Unit  Solids Sludge Holding Tanks (2) 3,800 3,800 3,800 3,800
Handling

Scrubber - 2 and AC Polishing Unit | Solids Truck Loading Area (1) 2,650 2,650 (2,650 2,650
Handling

Scrubber - 2 and AC Polishing Unit ~ General | Operator Area/Equipment 8,650 8,650 8,650 8,650

Area (1)

Scrubber - 2 and AC Polishing Unit Headworks | Headworks Building (1) 14,688 14,688 | 14,688 14,688
Scrubber - 2 and AC Polishing Unit Headworks  Headworks Channel and 900 900 900 900

Screen (1)

Scrubber - 2 and AC Polishing Unit | Solids Gravity Thickener 3 (1) - - 300 300
Handling

Scrubber - 2 and AC Polishing Unit  Solids TPS Storage Tank (1) - - 1,900 1,900
Handling

Scrubber - 2 and AC Polishing Unit | Solids TWAS Storage Tank (1) - - 1,900 1,900
Handling

Scrubber - 2 and AC Polishing Unit  Solids TPS Storage Tank (1) - - - 1,900
Handling

Total 40,058 40,058 44,158 | 46,058
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Upgrade Strategy

Scrubber 1 will need to treat an airflow of 25,144 m*/h by 2030 (Table 43), when the existing airflows from
the aerated grit tanks (1 to 3) and primary clarifiers (1 to 3) will be diverted to this scrubber. This demand
will increase over time due to the addition of new process units, reaching 26,519 m®/h by 2040,

33,525 m?/h in 2045, and 34,900 m*/h in 2060. Based solely on capacity, the existing Scrubber 1, rated at
27,000 m?/h, can meet demand until 2040. However, given its age and projected end-of-life in 2040, a
replacement will be required by that time.

To replace Scrubber 1, a unit with a capacity of 47,000 m3/h should be installed. Installing a higher-
capacity unit than required for 2040 allows for a strategic redistribution of plant airflows, from Scrubber 2
to Scrubber 1, thereby optimizing Scrubber 2's use in subsequent years. The final sizing of the
replacement scrubber will be confirmed during detailed design, which will consider the available building
footprint, duct sizing, fan compatibility, and systemwide pressure loss.

Scrubber 2, along with the AC Polishing Unit, is expected to treat an airflow of 40,058 m>®/h in 2030 and
2040, 44,158 m3/h in 2045, and 46,058 m*/h in 2060 (Table 43). Scrubber 2's current capacity of

41,000 m3/h will be sufficient to handle flows up to 2030. However, the capacity of fan B-812 must be
confirmed in advance to determine whether an upgrade is necessary.

Beginning in 2040, the strategy is that the airflows from Scrubber 2 will be redirected to Scrubber 1 and
the AC Polishing Unit will receive airflow from Scrubber 1. This redistribution strategy supports long-term
operational flexibility and capacity optimization across the treatment system. To facilitate tie-in activities,
the plant airflows could be temporarily diverted to a rented odour treatment unit, or CVRD may opt to
schedule the tie-in during a period of lower odour intensity on winter, with advance notice provided to
nearby residents regarding potential odour releases during the work.

The AC unit limits the volume of foul air that can be effectively processed in the system. Therefore, based
on projected airflow requirements through 2060, the current configuration will not be adequate. One
potential solution is to increase the airflow through the activated carbon media. However, this approach
would shorten the AC media's lifespan and necessitate more frequent replacements.

Table 43 summarizes the projected airflow upgrades for each FOA treatment system at CVWPCC over the
coming years.

Table 43 Summary of Airflows at the CYWPCC Upgrades

Year | FOA Treatment | Airflow Rate (m#/h)
2030 Scrubber 1 25,144
Scrubber 2 and AC Polishing Unit 40,058
2040* Scrubber 1 and AC Polishing Unit 40,058
Scrubber 2 26,519
2045 Scrubber 1 and AC Polishing Unit 44,158
Scrubber 2 33,525
2060 Scrubber 1 and AC Polishing Unit 46,058
Scrubber 2 34,900
Notes:

(*) In 2040, airflows from Scrubber 2 will be diverted to upgraded Scrubber 1 and AC Polishing Unit.
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Table 44 presents the proposed upgrade strategy and serves as a foundational guide for future
improvements to the CYWPCC odour control system. As the facility evolves and new technologies
become available for odour control, this strategy's assumptions should be revisited, and alternative
upgrade options should be explored in detail before preliminary and detailed design phases.

Table 44 Summary of Recommended Foul Air Treatment Upgrades and Timeline

Upgrades ‘ Scrubber 1 ‘ Scrubber 2 ‘AC Polishing Unit FOA Ducting Upgrades
Phase 4 = |nvestigate = Investigate upgrade of = Scrubber 1: Divert
(2030) upgrade of Fan 2 AC Polishing Unit existing Aerated Grit
(B-812). blower to handle 2030 Tank and Primary
flows (up to 40,058 Clarifier airflows from
m?3/h), decreasing Scrubber 2 to
EBRT; or, Scrubber 1.
= Conduct air balancing | = Scrubber 2: New
downstream of facilities to tie in

Scrubber 2 to bypass (Headworks Building,
the AC Polishing Unit. and headworks channels
and screens).

Phase 5 = Replace scrubber = Airflows diverted from

(2040) system (end-of- Scrubber 2 to Scrubber
life) with higher 1, similar to Phase 4.
capacity scrubber = Scrubber 2: New
(47,000 m3h). facilities to tie in (Aerated

= Upgrade Fan 1 Grit Tank and Primary

(B-810). Clarifier 4)

Phase 6 = Scrubber 1: New

(2045) facilities to tie in (Gravity

Thickener 3, second
TPS Storage Tank, and
second TWAS Storage
Tank)

= Scrubber 2: New
facilities to tie in (Aerated

Grit Tank and Primary
Clarifier 5)
Phase 7 = Replace scrubber = Scrubber 1: Third TPS
(2060) system (end-of- Storage Tank**
life) with higher
capacity scrubber
(47,000 m3/h).
= Upgrade Fan 2
(B-812).

Notes:
(**) Potential new unit to be added.
EBRT - empty bed residence time
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8.5.2  Site Electrical Upgrades

Several major components of the electrical distribution are past the end of their useful service life and/or
do not meet current code requirements for installation. This equipment will be addressed as part of the
Phase 4 phased expansion pathway.

The remaining distribution equipment not identified for replacement as part of the Phase 4 upgrades
include MCCs, panelboards, and transformers that are past the end of their expected useful service life but
are in acceptable condition. It is proposed that these pieces of equipment will be replaced as required in
future phases to accommodate future upgrade requirements, or as the equipment reaches an
unacceptable condition.

CVRD has indicated that the following manufacturers are preferred for installation on site:
= Schneider distribution boards to match the equipment at the water treatment plant.

= Allen Bradley Centerline MCCs to match existing MCCs to be retained onsite.

8.5.2.1 Codes and Standards

The following codes and standards have been considered in preparation of the electrical master plan:
= Canadian Electrical Code (2024).

= BC Building Code (2024).

= BC Fire Code (2024).

= (CSA 282 (2019) Emergency Electrical Power Supply for Buildings.

= CSA Z462 (2024) Workplace Electrical Safety.

= NFPA 820 Standard for Fire Protection in Wastewater Treatment and Collection Facilities.

»=  BC Hydro Requirements for Customer-Owned primary Services Supplied at 4 kilovolts (kV) to 35 kV
Primary Guide (2021).

= BC Hydro ES43 Overhead Electrical Standard.

= BC Hydro ES53 Underground Electrical Standard.

= BC Hydro ES54 Underground Civil Standard.

= BC Hydo Secondary Voltage Revenue Metering - 750 V and Less.

= BC Hydro Requirements for Primary Service Revenue Metering 4 kV to 35 kV.

= The BC, CSA, and NFPA codes and standards listed above typically are updated on a three-year cycle.
For stages of the plant upgrades where construction permits are obtained after release of a new code
version, the updated versions of the code will need to be applied to the design. It is not anticipated
that the high-level design outlined in this Site Master Plan will be impacted by future code changes.

8.5.2.2 Post-Disaster Considerations

The plant is required to be constructed for post-disaster operation. For electrical distribution, there are
two considerations related to this requirement:

= Seismic anchorage and bracing of all installed electrical equipment and appurtenances (conduits,
cables, support structures, etc.). This facilitates that the equipment will remain in place during a
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seismic event. Bracing of cables/conduits also assists to limit movement that will not result in damage
and will prevent safe operation after a seismic event.

= Seismic rating of equipment to guarantee continued operation after a seismic event. All new electrical
equipment specified will need to include seismic certification at a minimum for seismic forces in
Comox, BC. Typically, equipment options are available which are certified for post-disaster operation
in California. This certification is generally sufficient to meet requirements for equipment seismic
ratings installed on Vancouver Island.

= All emergency lighting provided throughout the facility will be battery-pack unit lighting.

8.5.2.1 Site Servicing Capacity Requirements

The historical BC Hydro data obtained for the CVWPCC indicates a historical peak capacity between
May 2021 and June 2024 of 540 kW. Based on the historical data and load calculations considering the
new equipment and buildings, it is anticipated that the existing 1.5-megawatt (MW) service size will be
insufficient to support the current Phase 4 upgrades, with increasing service requirements as future
phases of the facility expansion are implemented. Phase 4 is anticipated to require a 2.75
megavolt-ampere (MVA) service, increasing to a 3.5 MVA service requirement by 2060.

Additional analysis is recommended to be performed as part of the Phase 4 detailed design to validate
the exact service size requirements.

8.5.2.2 Service Entrance

To support Phase 4 expansion requirements and future upgrades, a 3.5-MVA transformer is proposed. The
maximum transformer size that BC Hydro will supply is 1.5 MW. Since a larger service is required to
support both Phase 4 loads and future growth, a BC Hydro primary service with CVRD-owned transformer
is required. High voltage equipment requires for the site electrical operating permit to be held by an
electrician with FSR-A certification. Additionally, maintenance of the primary service high voltage
equipment is the responsibility of the Owner.

The primary service will include a high voltage breaker to BC Hydro standards, pad-mount oil-filled
transformer, and 600-V main distribution kiosk including transformer secondary main breaker, and utility
metering. The kiosk will also include the automatic transfer switch (ATS).

New feeders and in-ground conduits will be installed between the service entrance kiosk and the main
electrical room located in the Operations, Grit, and Blower Building. Feeders will be sized for the full
capacity of the new transformer. Spare ducts will be provided to accommodate a larger service if required
in the future.

The service entrance kiosk will act as the point of demarcation with BC Hydro; downstream distribution
within the main electrical room will be designed to the Canadian Electrical Code and will not be required
to meet any BC Hydro standards.

Service Entrance Equipment Location

The outdoor-rated primary service entrance equipment, 600-V service entrance kiosk, generator, and ATS
will be located outside either adjacent the proposed Bioreactor 4, or adjacent the proposed Secondary
Clarifier 4. The final location will be determined during Phase 4 detailed design.
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Grounding

High voltage distribution requires a ground grid surrounding the equipment. All service entrance
equipment must be located a minimum of 3 m away from any other metal equipment outside of the
grounding area including light poles, bollards, and equipment. Separation from high voltage grounding
must be considered when selecting locations for the service entrance equipment and any adjacent
process equipment/buildings.

8.5.2.3 Site Main Distribution

As discussion in Section 6, the existing main service distribution is past the end of its useful service life
and requires replacement. An expanded main electrical room is recommended which will house the main
distribution.

All equipment will be fed via the site transfer switch, which will allow operation of any equipment during
utility power outage. Where redundant equipment is installed, this will enable operation of either unit in
the event that one is out of service. To account for any capacity limitations on the generator, operational
interlocks will be provided in the control system to prevent both pieces of redundant equipment from
operating simultaneously when the facility is on generator power.

The main distribution will include generator and service entrance equipment located adjacent the BC
Hydro Primary service, as outlined in Section 8.5.2.2 above, and distribution equipment located in the
main electrical room as follows:

Outdoor Service Entrance and Distribution Equipment:

= Main utility side draw-out breaker complete with ground fault protection, remote operation and
monitoring.

= Double bypass ATS complete with remote human machine interface (HMI) for remote operation.
Main Electrical Room Distribution Equipment:

= Main distribution board with two draw-out circuit breakers with ground fault protection, remote
operation and monitoring; each circuit breaker will feed a distribution board within the main electrical
room based on an A/B distribution configuration. Refer to the Section below for additional details on
A/B distribution.

= Two distribution boards, each feeding half of the site loads. Remote monitoring and ground fault
protection will be provided for all breakers within these boards. Remote operation can also be
provided for these breakers if desired.

All distribution equipment will be sized to accommodate the projected Phase 7 (2060) loads.

Integration of the main distribution into the facility’s supervisory control and data acquisition (SCADA)
system is recommended to enable remote monitoring of the distribution status by including indication of
the position of all breakers in the main distribution (open/closed). To achieve this, auxiliary contacts
and/or smart breakers with capability to communicate over Modbus transmission control
protocol/internet protocol (TCP/IP) will be specified.
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A/B (Diversified) Distribution

The main distribution is recommended to be configured as A/B diversified distribution equipment
downstream of the automatic transfer switch. A/B distribution separates redundant or duplicate
equipment across two sets of switchboards and MCCs (Figure 27). This will a facilitate maintenance and
also provide operational resiliency in the event of an electrical fault in the system by allowing one side of
the distribution to each facility area to be shut down while continuing to operate half of the area’s
equipment on the remaining distribution.

As part of the Phase 4 project, A/B distribution will be implemented for all major electrical equipment
being upgraded or provided new. Existing distribution that does not require replacement as part of the
Phase 4 project will not be modified to convert to the A/B configuration. Allowances in the main
distribution will be provided for future breakers and feeders to supply A/B distribution to additional MCCs
when they are upgraded in future projects.
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Figure 27 A/B Distribution Diagram

Main Electrical Room Expansion

The existing main electrical room is insufficiently sized and does not meet Canadian Electrical Code
requirements for working space and egress. As part of the Phase 4 upgrades, the existing electrical room
will be expanded into an adjacent space within the existing Operations Building that is currently used as
workspace for the facility operators.
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The expanded electrical room will include a second set of doors for egress and will be configured to meet
all current Canadian Electrical Code requirements for working clearances and egress.

A portion of the current SCADA room will be re-allocated to a low-voltage distribution room that will
serve the Administration Building. This will provide additional space for the main process distribution in
the main electrical room and segregate the smaller panel boards so that if it is necessary to operate
branch circuit breakers for the building, personnel are not required to access the high-ampacity main
distribution room. It is understood that the new SCADA staff office will be located in the new staff and
administrative facilities. Refer to Appendix J for details on the new staff facilities.

The new indoor main distribution will be installed within the new portion of the electrical room, which will
facilitate parallel build of the distribution upgrades and help minimize disruption to the site. Several MCCs
will be located in the main electrical room as outlined in the Section below. Space will also be allocated
for additional MCCs and/or expansion of the MCCs installed in Phase 4 to accommodate Phase 5, Phase 6,
and Phase 7 expansions.

Main Electrical Room and Grit Room MCCs
The following MCCs will be replaced with new equipment, with the replacement MCCs located within the
expanded main electrical room:

= MCC-A: The existing MCC is currently located in the grit room and requires replacement due to an
inappropriate environment for electrical equipment at its current location. It will be removed and
replaced by two new MCCs, MCC A-A and MCC A-B located in the expanded main electrical room.

= MCC-B: The existing MCC is currently located within the existing main electrical room and will be
replaced with two new MCCs, MCC B-A and MCC B-B, within the expanded main electrical room.

= MCC-C: The existing MCC is currently located within the existing main electrical room and will be
replaced with two new MCCs, MCC AC-A and MCC C-B, within the expanded main electrical room.

All new MCCs installed in Phase 4 will include physical and electrical capacity to accommodate the future
Phase 5, Phase 6, and Phase 7 expansions, or space will be allocated for additional MCCs to be installed
within the room, fed from the main distribution as part of the future phases.

Pipe Gallery Electrical Distribution

MCCs and VFDs located in the pipe gallery will be incorporated into the new distribution in new MCCs in
the main electrical room as part of the Phase 4 upgrades. This includes the following existing equipment:

= Two RAS pumps.
= Two WAS pumps.

= RAS and WAS pump VFDs installed in separate enclosures; these VFDs were recently upgraded by
CVRD personnel but are retrofitted into older enclosures which are very large.

= RAS and WAS pump 600-V to 480-V transformers (to be eliminated).
= 600-V to 120/208-V transformer, which feeds multiple distribution panels in the Blower Building and
pipe gallery.

To facilitate these changes, replacement of the existing 480V pump motors is required with 600-V
equipment.
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The effluent (surge) pump soft starters located in the pipe gallery will be relocated to the new UV Building
distribution. This will place the starters much closer to the pumps at the effluent pond.

Construction Phasing

The expansion of the existing main electrical room will facilitate parallel build of the new main
distribution. Preparation of a detailed electrical phasing and cutover plan is critical to ensuring unplanned
outages do not impact facility operations during construction. Site Master Plan also identifies temporary
distribution equipment such as rental generators to assist that these costs are included in the overall
construction estimate.

Construction documents for Phase 4 will include a phasing plan for all portions of the work. It is
recommended that similar plans be prepared as part of future phases.

8.5.2.4 Generator

Replacement of the generator system including generator, control panel, main breaker, and rooftop
radiator with a skin-tight unit complete with 72-hour sub-base fuel tank for post disaster operation is
recommended. Certification of the generator, fuel tank, and complete assembly for post-disaster
operation is required. The certification typically provided by the manufacturer is an International Building
Code (IBC) certificate. If an IBC certification is not available, certification for the supplied equipment can
be obtained by a shake table test of the supplied generator; this option would result in a significant
addition to the overall cost of the new generator.

Installation of the new generator outdoors adjacent to the incoming BC Hydro service will free up indoor
space for other uses.

As the overall projected facility load for Phase 4 and future Phases 5 through 7 combined is large, a
generator sized to match the utility service size would result in several disadvantages including:

= The utility service will be sized for projected peak 2060 load. Even if the generator were sized for peak
projected 2030 load, average loading for the facility will be significantly lower. Operation of
generators at less than 40 percent of loading is detrimental to the equipment and also results in lower
engine efficiency.

= Sound attenuation of very large generators may result in requirements for oversized enclosures and
multiple silencers, resulting in increase space requirements and costs.

= Increased costs for parts and maintenance.

The standby generator will be sized to power the minimum systems required to operate the facility and
maintain operation of the Administration Building. Interlocks between equipment will be required to
prevent operation when the facility is operating on generator power (e.g. an interlock to only permit one
of the two centrifuges and associated pumps/equipment to operate when the facility is running on
generator).

Life Safety Systems

The electrical code differentiates between standby and emergency generators. Emergency generators
provide power to life safety equipment, and standby generators provide power to other essential
equipment that are not considered to be life safety systems.
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Life safety systems include fire alarm, emergency lighting, and elevators. Emergency generators are also
permitted to supply non-life-safety loads. However, separate distribution systems including separate
transfer switches and distribution panels are required to segregate the two systems. To avoid the
installation of additional life safety distribution, battery-backed emergency lighting and fire alarm
equipment is proposed. The battery backup is considered the alternate power source, and battery backed
equipment can be connected to the standby distribution system without triggering a requirement for
segregated life safety distribution.

The existing fire alarm control panel was recently upgraded to an Edwards EST3X system with active
graphic. A transponder to extend the system is located in the DAF Building. Additional transponders will
be provided at the new headworks and UV Buildings as part of the Phase 4 upgrades. New devices to
serve the Staff and Administration Building expansion will be fed directly from the existing fire alarm
control panel. Upgrade of the active graphic to incorporate the new fire alarm zones will also be required.

Further upgrades and expansion of the system may be required as future project phases are implemented.

8.5.2.5  Existing Facility MCCs

The existing MCCs and proposed upgrade/replacement paths are summarized in Table 45. As part of the
Phase 4 upgrades, MCCs A, B, and C will be replaced. All other MCCs will be replaced in future phases as
the associated portions of the plant are upgraded. Refer to Appendix C for details on the condition
assessment findings for all existing MCCs. A 2024 Electrical Equipment Audit (Appendix I) accompanying
this document includes further information on the MCCs based on non-invasive reviews conducted in
2024. Minimal equipment additions to MCC-D, MCC-E, MCC-G, and MCC-H are anticipated during
Phase 4. However, allowances will be made within the upgraded main electrical distribution system to
support potential future capacity increases at these MCCs. The design will also include provisions to
accommodate future A/B distribution configurations for these MCCs when the MCCs are replaced in
future phases. The upgrade of these MCCs in future phases will occur as the portion(s) of the plant
associated with each MCC are upgraded.

It is recommended that MCC-E and MCC-G be retained in Phase 4, with MCC-E flagged for replacement in
coordination with future facility upgrades or if its condition further deteriorates. CVRD has indicated that
building modifications to address hazardous area concerns for MCC-E will be undertaken as part of a
separate project.

The equipment audit categorized MCC conditions using the following definitions:

=  Good Condition: equipment within its expected service life with no visible signs of damage, rust, or
code-related concerns.

* End of Life, Acceptable Condition: equipment past its expected service life but in operational
condition with no immediate need for replacement.

» End of Life, Poor Condition: equipment that is past its expected service life and exhibits signs of
physical degradation (corrosion, overheating, enclosure damage) or functional issues that increase the
risk of failure. Replacement is recommended in the near term.

»  End of Life, Unacceptable Location: equipment located in hazardous or environmentally unsuitable
areas. Relocation and replacement are recommended.
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No equipment was found to fall under the category of within its expected service life but in poor

condition.

Table 45

Existing Facility MCCs

Equipment ID Existing Location New Location Condition Recommendations
in Phase 4
MCC-A Grit Room New Main Electrical Room | End of Life, Replace with A/B
Unacceptable Location | distribution
MCC-B Main Electrical Room | New Main Electrical Room | End of Life, Poor Replace with A/B
Condition distribution
MCC-C Main Electrical Room | New Main Electrical Room | End of Life, Poor Replace with A/B
Condition distribution
MCC-D Sludge Pump Building | Sludge Pump Building End of Life, Acceptable | Retain
Condition
MCC-E Sludge Dewatering Sludge Dewatering Building ' End of Life, Retain
Building Unacceptable Location
MCC-G Scrubber Building Scrubber Building Good Condition Retain
MCC-H DAF Building DAF Building End of Life, Acceptable | Retain
Condition
Effluent MCC Pipe Gallery Re-feed from UV Building | Good Condition Replace

The sections below outline specific considerations related to replacement of existing MCCs in Phase 5 and
beyond.

MCC-D (Dewatering Building MCC)

Additional thickening process equipment will be added as part of the Phase 6 upgrade. The existing MCC
can likely accommodate the number of connections required for the proposed new equipment; however,
it will not have any spare capacity remaining following this expansion.

To address both the capacity limitations and the age of the existing equipment, MCC-D will be replaced
with two new MCCs (MCC-DA and MCC-DB) as part of the Phase 6 upgrade. This configuration will
provide sufficient capacity for the additional thickening process equipment, replace the end-of-life
equipment, and introduce redundancy into the distribution system to support operational resiliency.

MCC-E (Dewatering Building MCC) and Centrifuge Control Panels

Due to ongoing corrosion from H,S gas within the centrifuge room and adjacent electrical room,
upgrades to the centrifuge system and building are required. These include containment of off-gassing,
increased air changes, and sealing off the MCC-E electrical room from the remainder of the dewatering
area. Phase 5 includes replacement of the existing centrifuges with higher-capacity units, currently
planned for implementation around 2040. CVRD has indicated that building modifications to address
hazardous area concerns for MCC-E will be undertaken as part of a separate project. However, if this work
is not completed prior to execution of Phase 5 it is recommended that it be included within the Phase 5
project scope.

As part of recent facility improvements, air conditioning units have been installed for the existing
centrifuge control panels, and the panels have been sealed to the extent possible. While these interim
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measures provide some environmental protection, longer-term solutions are still required to address the
hazardous environment, both in relation to the centrifuge panels, and the adjacent MCC room.

At the time of centrifuge replacement, permanent containment of off-gassing will be implemented,
ventilation will be enhanced, and alternate locations for the centrifuge control panels will be considered to
further improve environmental protection and accessibility. Larger sludge and polymer feed pumps may
also be required to support the new centrifuges. If pursued, these upgrades would provide an appropriate
opportunity to modernize MCC-E, which is currently at the end of its service life, and eliminate remaining
480 V equipment associated with the existing sludge pumps. It is recommended that MCC-E be fully
replaced with new A/B MCC distribution as part of the planned centrifuge system improvements and that
the electrical room be modified to be fully sealed off from the centrifuge room, with direct access from
the building exterior.

It is recommended that MCC-E be monitored and if its condition further deteriorates prior to
implementation of the Phase 5 upgrades, that it be replaced and the electrical room be sealed off from
the main centrifuge space immediately.

MCC-G (Scrubber Building MCC)

Existing scrubber equipment is scheduled for replacement as part of the Phase 5 upgrades. The existing
MCC G likely will not be able to accommodate all equipment replacements due to increase in equipment
sizes.

To address both the capacity limitations and the age of the existing equipment, MCC-G will be replaced
with two new MCCs (MCC-GA and MCC-GB) as part of the Phase 5 upgrade. This configuration will
provide sufficient capacity for the new odour control process equipment, replace the end-of-life
equipment, and introduce redundancy into the distribution system to support operational resiliency.

MCC-H (Dewatering Building MCC)

The existing DAF trains are currently fed from MCC-H. An additional DAF train is required as part of the
Phase 6 upgrade, consistent with CVRD's planning direction. The existing MCC can likely accommodate
the number of connections required for the proposed new equipment; however, it will not have any spare
capacity remaining following this expansion.

To address both the capacity limitations and the age of the existing equipment, MCC-H will be replaced
with two new MCCs (MCC-HA and MCC-HB) as part of the Phase 6 upgrade. This configuration will
provide sufficient capacity for the additional DAF train, replace the end-of-life equipment, and introduce
redundancy into the distribution system to support operational resiliency.

8.5.2.6 EQ Basin Kiosk

Pumps and instrumentation at the existing EQ basin are fed from an outdoor kiosk installed adjacent to
the EQ basin. There is insufficient space within this kiosk to install additional motor starters.

No additional loads are anticipated at the EQ basin as part of Phase 4 upgrades. If additional equipment is
required at the EQ basin in future phases, small loads can be powered by the existing EQ basin kiosk,
however larger loads will be required to be fed directly from the main electrical room, or a second kiosk
provided adjacent the existing kiosk.
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8.5.2.7 Headworks Distribution

New A and B MCCs and distribution panels will be provided at the Headworks Building in a dedicated
electrical room as part of the Phase 4 upgrades. This distribution will be fed from the upgraded main
electrical room.

Electrical equipment including but not limited to lighting, disconnects, switches, and junction boxes
installed in the headworks process area will be rated for the appropriate hazardous area classifications.
The Headworks electrical room will be designed such that it is not classified as a hazardous area.

8.5.2.8 UV Building Distribution

New A and B MCCs and distribution panels will be provided at the UV Building in a dedicated electrical
room as part of the Phase 4 upgrades. This distribution will be fed from the upgraded main electrical room.

The main UV equipment is only available at 480 V. Stepdown transformers and 480 V distribution will be
provided as required to feed the 480 V rated equipment.

In addition to the UV equipment, the UV electrical room distribution will also provide power to the effluent
and plant water pumps, and the tertiary treatment skid. This equipment will all be installed in Phase 4 and
located adjacent the UV Building. Feeding this equipment from the UV Building will reduce the number of
underground feeds required from the Administration building towards the clarifiers and the effluent pond.

8.5.2.9  Staff and Administration Facilities
The existing operations areas of the Blower Building will be re-fed from the new main electrical room.

The administration facilities annex will be fed from the low voltage power room located within the
administration building, with diversified A/B distribution configuration.

8.5.2.10 Instrumentation and Controls

The existing ControlLogix PLCs have been recently upgraded by CVRD personnel and will remain in
service. New PLCs and associated control panels will be provided in each of the new process areas and will
be selected to match the existing sitewide control architecture to maintain consistency in hardware and
programming standards.

Additional fibre connections will be installed to support communication with the new control panels and
remote instrumentation. All instrumentation and control components in new process areas will be
specified in accordance with the CVRD Control System Preferred Equipment List (refer to Appendix I). To
support modernization of the plant’s control and communication infrastructure, ethernet and IP-enabled
devices will be specified for control and data exchange, facilitating seamless integration with the existing
SCADA system and aligning with current industrial networking standards.

8.5.2.11 Hazardous Areas

Instrumentation will be required to be installed in hazardous areas throughout the new Headworks
Building and other areas as determined throughout detailed design. Where instrumentation is installed in
these areas, it will be appropriately rated. Intrinsically safe relays will be included in the control panel
design as required to achieve these ratings.
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8.5.2.12 Centrifuge Control Panels

Corrosion from H,S in the centrifuge room has affected control panel longevity. While CVRD has installed
AC units and sealed the existing panels to mitigate exposure, Phase 6 includes replacing the centrifuges
and implementing permanent off-gas containment and enhanced ventilation. Relocating the new
centrifuge panels to a less corrosive environment is recommended to improve long-term reliability and
maintainability.

8.5.3 Administration Building

The existing Administration Building was constructed in the early 1980s (Figure 28) and has reached its
capacity from a staffing complement number and a functional operational use. The superstructure and
structural components were evaluated for feasibility for seismic retrofit and summarized in Section 6.

The Administration Building includes a laboratory, lunchroom, men’s and women's washrooms, showers,
laundry areas, offices, storage for documents, mechanical and electrical repair room, and a public entrance
and foyer that serves as office space and a meeting room. It also encompasses process/functional areas
contiguous to its infrastructure: the grit room and blower room, the main electrical room housing motor
control centers, and access to the RAS/WAS pumping room and piping gallery below grade.
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Figure 28 Administration Building (Original Design - 1982)

CVRD currently employs 17 staff within the wastewater services group, working Monday to Friday in
8-hour-per-day shifts. Of these, 14 are based out of the CVYWPCC Administration Building, while two
compost facility operators and one lead operator are based elsewhere. The organizational structure of the
wastewater services team is illustrated in Figure 29.
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According to the organizational chart, 12 full-time equivalent (FTE) staff are currently dedicated to
wastewater treatment (WWT), and two FTEs are assigned to wastewater collections (WWC) or wastewater
facilities (senior maintenance operator and maintenance operator). CVRD also plans to hire three
additional operators over the next few years who will be cross trained to support both WWT and WWC
operations. This would bring the total field crew to 17 individuals, all of whom would require facilities such
as lockers, changerooms, and workstations.

At present, the Administration Building is already at capacity and cannot adequately accommodate the
existing crew. The building’s current configuration limits the ability to provide appropriate space for field
personnel, particularly changerooms and dedicated work areas. It also lacks flexibility to support
anticipated staff growth. In addition to field crew, the site also supports a number of office-based
personnel (management, administrative, and technical staff), whose space needs are distinct but equally
critical to maintaining effective plant operations.

Manager of Wastewater
Services (1)

Wastewater Treatment e Wastewater Facilities
eyese Wastewater Utilities . .
Facilities — Utilities Technician (1) Senior Maintenance
Senior Operator (1) Operator (1)

Compost Facility Wastewater Facilities

Wastewater Utilities
— Lead (1 — .. Maint (0] t
ead (1) SCADA Technician (1) aintenance Lperator
Operators (2) (1)

Wastewater Treatment
Facilities
Leadhand (1)
Operators (7)

Figure 29  Current CVRD Wastewater Services Organizational Chart

Each WWTP is unique, with its staffing requirements shaped by a combination of factors including plant
capacity, treatment processes, equipment complexity, degree of automation, and equipment age. To
assess long-term staffing needs at CYWPCC, a baseline was first established based on the plant’s current
configuration, future upgrades, and shift structure. These inputs were used with an Excel-based staffing
tool developed by the New England Interstate Water Pollution Control Commission (NEIWPCC) to
estimate required FTEs for both current (2024) and future (2060) conditions.

To validate these estimates, benchmark data were drawn from the National Association of Clean Water
Agencies (NACWA) and two comparator facilities similar to CYWPCC. These references were used to
develop an FTE-to-ADF ratio and assess overall staffing ranges.
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Based on this analysis, a crew size of 12 to 20 FTE is projected to operate the CYWPCC through 2060.
CVRD's current staffing plan aligns with this range, with 15 of the anticipated 17 staff focused on
wastewater treatment operations. Given these projections, the Phase 4 Administration Building upgrades
have been sized to accommodate at least 20 field crew members, along with appropriate amenities such
as lockers, changerooms, and support spaces. Additional space is included to house office-based
personnel, providing flexibility to meet long-term operational and administrative needs. The estimated
staffing requirements through the 2060 planning horizon are provided in Appendix J.

8.5.3.1  Operational Use and Upgrades

Over time, the facility has not kept pace with the growth in staffing, regulatory expectations, or
operational demands. A new staff facility and retrofits to the existing building are included in the Phase 4
upgrades. The proposed location for the new staff building is the northeast corner of the existing building.
The basis for the Phase 4 upgrades pertains to several key challenges currently impact day-to-day
operations and the health and safety of staff:

= Office and Workspace: The existing office layout lacks sufficient space for the current and projected
operations, administration, and maintenance teams. There is also no provision for projected staff
growth or co-location of contract staff and consultants when required. This limits the facility’s ability
to support modern plant management practices, team collaboration, and confidential workspaces. It is
recommended to expand and reconfigure the Administration Building to increase office quantity,
provide adequate field staff space and meeting rooms equipped with audiovisual systems,
whiteboards, and flexible seating to accommodate safety briefings, onboarding, and
training/certification programs; and provide a proper library and copier room.

= Clean/Dirty Separation: The building design does not currently allow for proper separation between
clean office areas and operational zones. Staff regularly move between high-contamination risk zones
(e.g., fieldwork, maintenance) and administrative areas without clearly defined transition spaces. This
presents potential hygiene concerns and increases the risk of cross-contamination. It is recommended
to introduce a clear separation between clean administrative spaces, transitional zones (e.g., locker
rooms, showers), and dirty operational areas where staff can enter through a mud room and clean
themselves off appropriately before entering clean office areas.

= Laundry and Hygiene Facilities: The current laundry area is undersized and insufficiently equipped
to handle the volume and frequency of use required by operators. A new expanded and modernized
laundry area with commercial-grade equipment with appropriately sized locker room with shower
stalls, sinks, washrooms, lockers (secure storage) will be designed to support hygienic transitions
between personal clothing and workwear.

* Lunchroom and Staff Amenities: The lunchroom is inadequate for the size of the current team,
often resulting in overcrowding during break periods. The space does not accommodate shift work
schedules or provide flexible use for briefings and informal gatherings. A new lunchroom to
comfortably accommodate all shift schedules, with sufficient refrigeration, food preparation areas,
seating is recommended, with consideration for integrating flexible-use spaces for briefings, casual
team huddles, or after-hours meetings. Additional wellness features such as a certification wall or
outdoor areas should be considered to support staff retention and morale.

= Operations Control Room and SCADA Infrastructure: The current operations control room is
undersized and lacks ergonomic workstations and adequate space for situational monitoring. Modern
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SCADA rooms should support real-time system oversight, alarm management, and secure system
access. Physical layout should allow for collaboration during process upsets or emergency events. It is
recommended to upgrade the SCADA control room with ergonomic workstations, environmental
controls (heating, ventilation, air conditioning, lighting), and sufficient space for real-time
collaboration and response. The design should support secure access, uninterrupted monitoring, and
future expansion for system upgrades or integration with remote data platforms.

=  First Aid Room: There is no dedicated first aid room or treatment area for staff requiring medical
attention. Industry best practices call for designated first aid spaces, particularly in industrial
environments where slips, exposure risks, or mechanical hazards are present. It is recommended to
establish a dedicated first aid room equipped with basic medical supplies, an examination bed, and
access to emergency eyewash and shower stations in new and retrofitted process areas within the site.
This space should meet WorkSafeBC requirements and be easily accessible from operational zones.

=  HVAC Renovations: The Administration Building requires upgraded HVAC systems to support
modern office operations, maintain staff comfort, and maintain adequate indoor air quality, given the
facility's proximity to treatment processes.

= Plant Utility Systems (Compressed Air): Two new service air compressors rated at 690 kPa (100 psi)
with approximately 7.1 m3/min (250 cfm) capacity are being added as part of Phase 4 upgrades to
improve the CVWPCC's pneumatic utility system. These compressors will provide redundancy and
increased capacity to support non-electric actuated equipment and pneumatics throughout the
facility.

8.6 Resource Recovery

The CVRD’s LWMP Stage 1 and Stage 2 (WSP, 2022) were completed in November 2022 and focused on
reviewing wastewater treatment levels and resource recovery options. The Technical and Public Advisory
Committees guided the LWMP process through extensive technical assessment and public engagement,
resulting in the selection of preferred wastewater treatment levels that are secondary treatment with
disinfection, resource recovery options, and tertiary treatment integration in the future.

The LWMP reviewed a total of six resource recovery options, including reclaimed water and heat recovery
from final effluent. Key findings from the LWMP include:

» Heat recovery from final effluent for in-plant use or offsite use, if there are one or two users, was
recommended as the most cost-efficient option and can be integrated into the existing infrastructure
at the CYWPCC.

= A business case for reclaimed water was recommended for completion, while decisions were deferred
on other resource recovery options.

= The Province subsequently requested in their Stage 1 and 2 letter that cost-benefit analyses be
completed for some of the deferred resource recovery options.

Building upon the work completed to date on the LWMP and discussions with CVRD, three resource
recovery options were reviewed and assessed. CVRD requested two pre-determined options: reclaimed
water and a heat recovery system. The third option was assessed through TM 04 (Appendix K) and
incorporates the recommendations outlined in the Stage 1 and Stage 2 LWMP, which focused on the
beneficial use of biosolids. As a result of changing regulatory landscape as it pertains to CECs and the
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public perception to CECs, coupled with increasing biosolids production focused Option 3 on evaluating
the beneficial use of biosolids as a management strategy.

8.6.1 Option 1 - Reclaimed Water

Reclaimed water is water that has been treated at a municipal waste treatment facility and is of an
acceptable quality to be reused. For the CVYWPCC, reclaimed water is the reuse of plant effluent (onsite
at the CVWPCC or offsite) treated to standards set out in the MWR BC Regulation 87/2012.

The MWR outlines four categories for reclaimed water use, including indirect potable reuse, greater
exposure potential, moderate exposure potential, and lower exposure potential, which are all based on
the point of distribution or use. Since the CVWPCC is not publicly accessed and Plant staff would be
educated to the risks posed by the use of the reclaimed water onsite, most process uses fall under the
category of lower exposure potential. A full summary of reclaimed water uses can be found in Appendix K
and generally fall into wash and spray water, prefilling tankage, pump flush and seal water, or chemical
makeup water.

The design of a reclaimed water system at the CYWPCC incorporates an adjacent sump to the new UV
Disinfection structure as part of the Phase 4 upgrades. From there, pumps will convey reclaimed water to
the various uses onsite. The main cost offset is the use of reclaimed water in place of potable water
otherwise purchased directly from the CVRD.

Including the reclaimed water system within the Phase 4 upgrades would allow the reclaimed water sump
to be constructed adjacent to the new UV disinfection structure, with concurrent site civil work for piping
to the different process uses. Installation of an effluent water system with pumps to these process areas
would offset the costs of potable water purchase and decrease stress on local water supply, supporting
the CVRD’s Watershed Protection Plan.

8.6.2  Option 2 - Heat Recovery

Heat recovery that utilizes heat from plant effluent to heat buildings was one of the options identified in
the LWMP. Coupled with stronger pushes to find renewable sources of energy and effluent thermal limits,
heat recovery from wastewater plant effluent has become increasingly more common. Heat recovery at
the CVWPCC includes an industrial water-to-heat pump to upgrade the heat captured from plant effluent
to temperatures usable in a heat loop.

The CVWPCC currently utilizes four natural gas (NG)-fired boilers, each rated for approximately 48.9-kW
net output, located in the Sludge Control Building. These boilers supply heat to two hot water loops that
connect to unit heaters and heating coils located in several different buildings in the plant. The first loop
contains the Operations, Grit, and Blower Building, while the second heats the Sludge Control Building. In
addition, there is a second heating system that consists of electrical resistance heating and NG-fired
heating units that are currently servicing the DAF and Sludge Dewatering buildings. These buildings are
not included in this analysis, only the existing buildings that utilize the NG-heated water loop are
included.

The implementation of heat pumps would ideally site installation near the location of existing boilers.
However, there may not be sufficient room in the Sludge Pumping Building. An alternate location
identified is in the Operations Building below grade pipe gallery. A thermal buffer tank will be utilized to
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connect the recovered heat to provide to both heating loops in the return water piping rather than only
one of the heating loops.

An estimated heat demand was determined and included five buildings currently heating using NG:
Operations Building, Grit Building, Blower Building, Sludge Pumping Building, and Sludge Dewatering
Building. The selected heat pump would consist of a packaged heat pump complete with condenser,
sub-cooler, and evaporator with a thermal buffer tank. Based on the plant effluent temperature historical
data and the estimated heat demand, a heat recovery system would be feasible, with no supplemental
heat required from the existing natural gas system. If implemented, the existing boiler system could
remain in place as a backup system. Implementation timing and phasing would be determined based on
capital planning priorities and further economic evaluation.

8.6.3 Option 3 - Biosolids Management

In British Columbia, wastewater treatment plant biosolids production and disposal are regulated by the
Organic Matter Recycling Regulation (OMRR) under the authority of the Environmental Management Act
and the Health Act. OMRR defines biosolids as “stabilized sludge resulting from municipal wastewater or
septage treatment processes which have been treated to reduce pathogens and vector attraction.”
Construction and operation of composting facilities and subsequent land application are governed by
OMRR to protect public health and the environment.

Based on the OMRR's framework, organic residual production and management are categorized into five
groups including Class A Biosolids, Class B Biosolids, Biosolids Growing Medium, Class A Compost, and
Class B Compost. Class A biosolids are required to be aligned with stricter quality criteria set by the
Fertilizers Act and the Safety Guidelines for Fertilizers and Supplements (T-4-93) under federal Fertilizers
Regulations. Class A biosolids metals limits are predicated on the maximum acceptable cumulative
addition to soils over 45 years. The cumulative application approach is intended to account for the
persistence of metals in the environment which ultimately determines the level of contamination and
long-term impacts.

Currently, the dewatered and thickened waste sludge is hauled to the composting facility, and it is sold to
the local community as Class A compost called SkyRocket. The compost market helps offset the operating
cost of the composting facility. Composting, as a sustainable strategy for the beneficial use of biosolids, is
highly dependent on the availability of the local market to purchase compost. Based on the LWMP
recommendation and concerns about potentially insufficient local compost demand due to future public
perception of contaminants of emerging concern, in particular PFAS, biosolid management was chosen as
the third resource recovery option for the life-cycle cost analysis in the event composting may no longer
be considered a viable option.

While the CVWPCC currently produces an in-demand composing product, regulatory changes around
CECs and PFAS in particular may impact the ability to continue this process in the future. There are several
beneficial uses of biosolids that are evaluated as potential option pathways for CVWPCC should
composting no longer be a viable option to manage biosolids.

8.6.3.1 Composting

Composting is a controlled biological aerobic process producing Class A biosolids that can be used in
agricultural applications such as fertilizer, soil amendment, or mulch in landscaping, and for land
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reclamation. The composting process involves the decomposition of organic materials into more stable
components, through different methods such as windrow composting, aerated static piles, and in-vessel
composting. Using bulking agents such as wood chips or sawdust in the composting process helps
maintain sufficient airflow and porosity which facilitates more suitable conditions for microorganism’s
breakdown. The heat generated through aerobic decomposition of organic material helps reduce the
pathogens, minimizes odour, and reduces vector attraction to a level that is stipulated by OMRR.

Composting presents several challenges that need to be addressed such as strong odours, especially in
the early stage of decomposition, large space requirement, slow processing time, public perception and
acceptance, moisture and temperature control, more stringent regulatory requirements, contamination
risk in biosolids (such as contaminants of emerging concern) and market availability for the product.

Currently, CVPWCC produces a finished product called SkyRocket that meets the OMRR limits for Class A
compost, which is sold to the local community. It is recommended for CVRD to maintain and operate the
composting facility to meet the local demand.

8.6.3.2 Anaerobic Digestion

Anaerobic digestion is a biological process where biosolids are converted into biogas and stabilized
sludge by different types of microorganisms in a sealed tank known as digesters in the absence of oxygen.
Different operating temperatures and designs determine the classification of anaerobic digestion which
are single-stage mesophilic anaerobic digestion operating at 30 to 40°C (86 to 104 degrees Fahrenheit
[°F]) producing Class B biosolids, single-stage thermophilic anaerobic digestion operating at higher
temperatures at 50 to 60°C (122 to 140°F) producing Class A biosolids and multi-stage anaerobic
digestion.

The anaerobic digestion process offers several benefits such as the production of Class A or Class B
biosolids. The digestion process typically achieves a minimum volatile solids reduction of 38 percent,
resulting in less volume for transportation and disposal. The digestion process produces biogas that can
be harnessed for energy recovery and resulting in the production of stabilized biosolids for beneficial
reuse. Cogeneration is a process that uses biogas to produce both electricity and heat simultaneously,
wherein the electricity can power equipment such as aeration blowers and pumps, and the heat can be
used to regulate the temperature in digesters. Anaerobic digestion would be fed thickened sludge and
digested sludge will subsequently be fed to the dewatering centrifuges.

However, implementation of anaerobic digestion comes with high capital and operating costs and high
equipment maintenance costs, resulting in higher economic payback. The size of the treatment plant and
corresponding benefits such as utilization of the biogas have a significant impact on this payback. In 2010
a desktop economic payback analysis was completed for the implementation of an anaerobic digestion
process for various treatment plant sizes (Barksdale, Oquendo & Petrik, 2010). The payback analysis shows
a very high payback (in excess of 50 years) for treatment plants with capacities smaller than 30 MLD.
Therefore, anaerobic digestion will not be economically viable for CVWPCC (12.4 MLD). Further, the
current CVWPCC site is space-constrained, with many of the available areas already assigned for
additional treatment capacity in tankage for primary clarifiers, secondary clarifiers and future tertiary
filtration.

Based on the economic payback analysis, anaerobic digestion is not recommended at this time due to the
small size of the CVWPCC. However, anaerobic digestion could be re-evaluated when solids handling

COMOX VALLEY REGIONAL DISTRICT
MASTER PLAN FINALIZATION AND DETAILED DESIGN PHASE 4 UPGRADES 110



SITE MASTER PLAN
JANUARY 2026 / FINAL / CAROLLO

infrastructure upgrades are planned for 2045 (including additional thickening and storage capacity), as the
increased solids loading and concurrent construction may improve the economic feasibility of staged
digesters. At that time, site constraints should also be reassessed.

8.6.3.3 Thermal Drying

Thermal drying is a biosolids management technology producing Class A biosolids by significantly
reducing the moisture content and reduction of pathogens from the dewatered sludge by heat treatment.
Common thermal drying technologies are rotary drum dryers, belt dryers, and fluidized bed dryers. In the
thermal drying process, heat converts the dewatered sludge into dry, granular, or pelletized material with
a reduced moisture content of 10 to 20 percent. Thermal drying presents several advantages, including
significant volume and weight reduction, and destruction of pathogens while retaining the nutrients,
leading to easier and more cost-efficient biosolids handling, storage, and disposal. The end product can
be used as a fertilizer for beneficial reuse.

Pyrolysis is the thermal decomposition of organic materials in an oxygen-deprived environment occurring
at moderate temperature (300 to 800°C), while gasification is the conversion of organic materials into
syngas through partial oxidation (controlled amounts of oxygen or steam) under high temperatures

(700 to 1,200°C). The resulting biochar, a carbon rich material that can be used to sequester carbon in the
soil and thus help fight climate change, has been shown to be free of PFAS (McNamara, 2023).

Similar to anaerobic digestion, thermal drying is associated with significant capital and operating costs,
potential generation of odours which may necessitate treatment of process air, risks of generation of
excessive dust and fire hazards with storage of dried pellets. For CYWPCC, thermal drying process coupled
with pyrolysis or gasification would need to be further evaluated only if any future PFAS regulations
necessitate discontinuation of the existing composting process and additional treatment is required to
remove PFAS. Consideration can also be given to a staged approach, starting with thermal drying as a
means to reduce biosolids volume needing to be composted versus constructing new compost bays if
regulatory changes for CECs limits composted biosolids reuse.

8.7 Greenhouse Gas Inventory

Understanding and managing GHG emissions is an increasingly important element of long-term planning
for wastewater utilities. At a corporate level, the CVRD is a signatory to the BC Climate Action Charter,
which included a commitment to achieve carbon neutrality in corporate operations which include the
CVWPCC facility. In 2021, CVRD embarked on an update to their Corporate Energy and Emissions Plan
and in 2022, the Site Master Plan was endorsed by the board. CVRD's target is to reduce corporate GHG
emissions by 50 percent below 2019 levels and achieve this corporate emissions reduction by 2030
satisfying carbon neutral operations by 2050. These GHG reduction targets are in line with provincial,
federal and global targets.

At the CYWPCC, GHG emissions are monitored annually by the CVRD through its Energy and Emissions
Departmental Work Plan. As the facility continues to expand and modernize, estimating current and future
GHG emissions provides a baseline for assessing future improvements, identifying reduction
opportunities, and supporting broader climate action goals.

In parallel with the site master planning work, the CVRD is completing a decarbonization and energy
reduction strategy for the Comox Valley Sewerage service, reviewing options and opportunities to reduce
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GHG emissions for the service into the future. In addition, the CVRD will be electrifying light duty flee
vehicles where possible, reducing fleet gasoline emissions.

8.7.1 CVWPCC’s Greenhouse Gas Emissions Profile

GHG emissions at the CVWPCC originate from both direct (Scope 1) and indirect (Scope 2) sources. These
include the following subcategories under each Scope 1 and 2, see Appendix L:

= Scope 1 Emissions: These are direct GHG emissions from sources owned or controlled by the CVRD.
At the writing of this report, CVRD's corporate energy and emissions guide does not include
consideration on fugitive emissions and is focused on energy-related emissions. Examples include:

»  Natural gas combustion for heating.
»  Wastewater stripped methane (CH4) from wastewater treatment processes.
»  Treatment-generated N,O (nitrous oxide) from wastewater treatment processes.

= Scope 2 Emissions: These are indirect GHG emissions from the generation of purchased electricity
consumed by the CVRD.

Figure 30 illustrates the historical GHG trend from 2019 to 2023 for the CVWPCC facility and wastewater
treatment operations and concluded by the CVRD Energy and Emissions Departmental Work Plan (2024).
The emissions shown in this figure consider emissions of the entire wastewater department, not just the
CVWPCC; the GHG audit includes data from the CYWPCC, vehicles and equipment, wastewater
distribution, and other bulk fuels.
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Figure 30  CVWPCC GHG Emissions Summary from 2019 to 2023¢
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8.7.2 Forecasted GHG Baseline Emissions

GHG emissions associated with future upgrade phases at the CYWPCC were forecasted using the same
methodologies, emission factors, and system boundaries as the 2023 base year inventory to maintain
consistency across scenarios. The baseline emission forecasts were developed using projected activity
data, including:

=  Average daily influent flow (ADF).
= Secondary treatment efficiency for BODs removal.

=  Facility fuel and electricity use, and fleet vehicle fuel consumption.

This forecasted inventory was prepared using the Ontario Water Works Association/Water Environment
Association of Ontario (OWWA/WEAQO) GHG Inventory Tool, with methodologies aligned to the
International Panel on Climate Change (IPCC) and Canada’'s 2024 National Inventory Report. Using the
2023 calendar year as the baseline comparison for the forecast, the estimated total emissions at

278 tonnes of CO, equivalent (tCO,e) with the majority of total GHG emissions being from Scope 1
emissions from the combustion of natural gas. The forecasted baseline GHG inventory for CYWPCC is
summarized in Table 46.

Table 46 Baseline GHG Inventory (2023)

Source - GHG Emissions (tCOz¢) Forecasted 2023 Baseline % Contribution
Scope 1: Natural Gas 97 35%
Scope 1: Diesel 4 1%
Scope 1: Propane* 0.3 0.1%
Scope 1: Fleet Gasoline 34 12%
Scope 1: Wastewater Treatment Fugitives* 106 38%
Scope 2: Electricity 35 13%
CVRD WWTP GHG Forecasted Results 278 100%
Notes:

*CVRD had excluded these from Figure 30.

8.7.3 Long-Term Emissions Projections (2023-2060)

To support the 50-year planning horizon and phased infrastructure upgrades, GHG emissions have been
forecasted using the publicly available OWWA/WEAO GHG Inventory Tool through to 2060 based on
projected wastewater flows, treatment capacity expansions, and energy consumption scaling. The
projections account for population growth driving increased wastewater flows, infrastructure phases and
their operational energy requirements, BC electricity grid decarbonization reducing emissions over time,
and process improvements including improved treatment efficiency in Phase 6 (2045). As biological
nitrogen removal is not conducted at CYWPCC, N,O emissions from biological treatment processes are
assumed to be negligible. CH, fugitive emissions from wastewater treatment processes were estimated
based on BODs removal during primary and secondary treatment, using emission factors from Canada’s
2024 National Inventory Report, and represent 38 percent of total facility emissions.

The forecast includes Scope 1 (direct) and Scope 2 (purchased electricity) emissions only. Scope 3
emissions, including chemical production, upstream fuel emissions, and biosolids management were out
of scope for this project and are excluded from the analysis.
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Table 48 presents the emissions forecast corresponding to each infrastructure phase, showing the
progression of emission sources as the facility expands to meet growing service demands through 2060.

Table 47 GHG CVWPCC GHG Emissions Forecast by Infrastructure Phase

2023 Phase 4 Phase 5 Phase 6 Phase 7
Source - GHG Emissions (tCOz¢) Base (2030) (2040) (2045) (2060)
Scope 1: Natural Gas 97 132 157 175 208
Scope 1: Diesel 4 6 7 7 9
Scope 1: Propane 0.3 0.5 0.6 0.6 0.7
Scope 1: Fleet Gasoline 34 47 55 62 73
Scope 1: Treatment Fugitives 106 138 163 182 216
Scope 2: Electricity 35 19 19 21 25
Total GHG Emissions 276 342 401 447 532
% Increase from 2023 -- +23% +44% +61% +91%

The emissions projections are built on several assumptions that reflect facility expansion requirements and
external factors influencing emissions over the 50-year planning horizon.

The facility will experience growth in treatment demands driven by regional population increases.
Wastewater treatment capacity is projected to increase from approximately 16,184 m3/d 2023 to

30,852 m?/d by 2060 (ADF). This represents a 91 percent expansion over the planning period. A modeling
assumption is that energy consumption will scale proportionally with these flow increases, reflecting the
additional operational demands of treating higher wastewater volumes.

While most facility operations are expected to scale with capacity, the projections incorporate minor
process adjustments aligned with the Phase 6 upgrades. The addition of a fourth secondary bioreactor in
2045 is modeled primarily as a capacity enhancement to accommodate increased BOD loading and flow.
The process model assumes constant effluent quality targets across all phases; the fourth bioreactor
enables continued compliance with these targets by reducing MLSS concentrations and maintaining
appropriate solids retention times. As such, the additional bioreactor does not directly improve effluent
BOD concentration but helps preserve performance under higher loading conditions. This adjustment has
a smaller impact on overall GHG emissions, as the emissions trajectory is primarily driven by increased
wastewater flows and corresponding energy demand for expanded treatment.

The projections also reflect anticipated improvements to the BC electricity grid, which influence facility
emissions related to power use. Grid GHG intensity is expected to decline significantly between 2023 and
2030 as the province transitions to cleaner energy sources. As a result, electricity-related emissions initially
decrease despite increased facility consumption, highlighting the benefit of grid decarbonization. After
2030, electricity emissions gradually rise with facility expansion but remain below current levels due to
ongoing grid improvements.
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8.7.4 Emissions by End Use

The Departmental Work Plan also categorized emissions by end use, offering further insight into where
reductions might be targeted. Figure 31 shows the percent distribution of GHG emission sources and
highlights where most opportunities for GHG reduction exist. These are:

= Buildings and facilities (38 percent) are the largest contributor, driven by heating, ventilation, and
lighting.

= Vehicles and equipment (24 percent) largely reflect biosolids hauling and facility operations.
=  Backup fuels and generators (21 percent) contribute intermittently but can spike during outages.

= Wastewater process systems (17 percent) reflect energy demand across treatment trains.

Much of the diesel use stems from biosolids management, specifically, the two biosolids transport trucks
for transporting dewatered sludge to the composting facility and heavy equipment (front loaders) used
onsite. In 2023, approximately 20,000 litres of diesel was used for the front-end loaders alone, with
additional fuel consumption occurring when backup mobile diesel-powered equipment was used for
three months during the electric downtime.
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Figure 31 Wastewater Department End-Use Emissions Breakdown

8.7.5 Considerations and Opportunities for Reduction

GHG emissions are primarily associated with process-related CH,4, natural gas use, and biosolids handling.
Based on modeling assumptions, the dominant process-related emission is methane generated during
organic matter degradation, which is conservatively attributed to BOD removal in primary clarifiers and
aeration basins with no installed means of gas capture.

While the CVWPCC does not currently employ anaerobic digestion, methane generation is still possible in
zones of low oxygen (e.g., primary clarifiers or under-aerated zones of the secondary system). The
emission model treats BOD removal in open basins as a proxy for methane generation, though actual
emission rates depend on local oxygen conditions, retention time, and other site-specific factors. The
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model does not currently account for nitrous oxide emissions, as the facility does not perform ammonia
oxidation or nitrogen removal.

Mitigation of fugitive process emissions could involve the following:

= Improved process control by enhancing aeration control or reactor mixing to minimize anaerobic
zones in secondary treatment may reduce in-basin methane formation.

= Enhanced primary solids capture by redirecting more BOD to solids processing may reduce
methane-forming conditions in the liquid train. However, this may shift emissions downstream to
biosolids management if digestion is not in place.

= Covered tanks with gas capture, specifically covering primary clarifiers or other tanks with long
hydraulic retention times could support passive gas capture if methane formation is confirmed.

While the facility does not have jurisdiction over influent load management, longer-term source control
planning (ex., industrial pretreatment or inflow reduction) may help indirectly reduce emissions by
lowering overall organic load.

Biosolids-related emissions are also a consideration. Current management through composting in aerated
static piles minimizes methane generation through aerobic treatment, though this approach forgoes the
energy recovery benefits of anaerobic digestion with biogas capture.

Additional emissions reduction opportunities include:

=  Facility space and water heating systems represent a significant source of onsite GHG emissions.
Efficiency upgrades, heat recovery, and replacement with low-carbon systems (e.g., air-source heat
pumps, solar thermal) can reduce this footprint (see Section 6).

= Although BC Hydro's grid has a low carbon intensity, facility-scale solar photovoltaic (PV) could
support energy resilience and marginal GHG reductions.

= Emissions from transportation and onsite equipment could be reduced through optimized routing,
fleet modernization, and evaluation of alternative fuels such as renewable natural gas (RNG) or
electrification.

= Emissions from diesel generators may warrant review, especially if future operating conditions require
extended runtime.

Finally, improving GHG data tracking at the facility level should be further considered, specifically for
chemical consumption, influent characterization, and equipment efficiency, as this would strengthen
future emissions modeling and scenario testing.

8.8  Workplace Health and Safety

Health and safety are foundational to the operation of any wastewater treatment facility. Operators and
maintenance personnel are exposed to chemical, biological, physical, and ergonomic hazards daily. As
such, robust workplace health and safety practices, aligned with WorkSafeBC, Canadian regulatory
frameworks and industry standards, are critical to safeguarding staff and ensuring continuous, compliant
operations. Aspects for consideration as part of the CVRD’s workplace health should include consideration
for the following (Table 48).
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Table 48

Issue

Confined Space
Entry

Hazard Control
(Lockout/ Tagout)

Chemical Handling
and Storage

Training,
Competency, and
Safety Culture

Personal Protective
Equipment

Emergency
Preparedness and
Response

Workplace Health and Safety Recommendations

‘ Concern

Confined spaces present the highest risk of
fatality due to atmospheric hazards (e.g.,
H.S, oxygen deficiency) and physical
entrapment. Stringent entry protocols, gas
detection, rescue planning, and competent
personnel are non-negotiable. This is among
the most heavily regulated and high-risk work
types.

Preventing the release of uncontrolled events
during maintenance is essential to avoid
severe injury or fatality.

Many chemicals used in wastewater
treatment (e.g., chlorine, acids, polymers)
pose acute risks. Proper storage, labeling,
PPE, ventilation, and emergency response
protocols (e.g., eyewash stations, SDS
access) are critical to prevent chemical
burns, inhalation hazards, and environmental
incidents.

Even the best safety systems fail without
proper training and engagement. Operator
certification, site orientations, and ongoing
education form the backbone of a safe
workplace. A strong JHSC and near-miss
reporting support continuous improvement.

Proper PPE selection, usage, and
maintenance protect workers from routine
hazards. Respirators, gloves,
chemical-resistant suits, and hearing
protection must be matched to site-specific
risks and supported by training and fit testing
where required.

All staff must know how to respond in the
event of a fire, chemical spill, injury, or
confined space emergency.
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‘ Recommendations

Implement safety by design measures by
removing any need for confined space entry.
For example, some screening technology and
vendors allow for pivoting of the screen out of
the channel so that maintenance work can be
conducted at ground-level.

With the addition of significant infrastructure,
development of a documented LOTO program,
verified isolation procedures, and authorized
personnel training will be foundational for
maintenance work on new equipment.

The CYWPCC houses and uses many
chemicals already and are aware of the
hazards associated with handling and storage.
With the addition of CEPT near the primary
clarifiers, continuing best practises to prevent
hazards of new chemicals should be
considered.

Proper operation certification and site
orientations.

Include proper training from original equipment
manufacturer as part of each phased contract.

Include strong specification requirements for
operations and maintenance manuals as part of
each phased contract.

Include proper training from original equipment
manufacturer as part of each phased contract.

Include strong specification requirements for
operations and maintenance manuals as part of
each phased contract.

With the addition of significant infrastructure,
development of a well-rehearsed ERP, updated
contact lists, accessible alarms, and regular
drills help reduce response time and improve
outcomes
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Issue ‘ Concern
Occupational

cumulative health risks.

Equipment Labeling | Accurate labeling and signage support

and Safety Signage ' hazard communication and emergency
navigation. This is essential for regulatory
compliance and day-to-day safe operations,
especially for new staff and contractors.

Ergonomics and

Onsite Traffic

incidents and congestion.

Contractor Safety  Contractors often perform higher-risk work
with less site familiarity. Prequalification,
orientation, permits (e.g., hot work, confined
space, etc.), and oversight are necessary to
maintain safety expectations are upheld.

Management

Long-term exposure to noise, aerosols, and
Hygiene and bioaerosols can lead to chronic conditions.
Exposure Control Monitoring programs, ventilation, and hearing
conservation are important to minimize these

Musculoskeletal injuries from poor posture,
Manual Handling repetitive tasks, or improper liting are among
the most frequent causes of lost-time
incidents. Material handling aids and
ergonomic assessments are valuable
preventive investments, though generally
lower risk than the categories above.

With planned site expansion and increased
Control activity in the coming years, existing traffic

control measures may become inadequate,
increasing the risk of vehicle-pedestrian
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‘ Recommendations

Implement safety by design measures by first
eliminated exposure to hazards.

For example, NFPA 820 provides guidance on
ventilation and explosion prevention in
wastewater treatment facilities, helping to
control hazardous atmospheres in enclosed
spaces. New design spaces should retrofit and
design to NFPA 820 standards.

Label all equipment clearly with standardized
signage that meets WorkSafeBC and CSA
requirements.

Signs should indicate equipment purpose, key
hazards, and emergency procedures.

Place signage at eye level in visible, well-lit
areas.

Train staff and contractors to recognize and
understand signage during orientation.

Conduct regular ergonomic risk assessments
for all workstations and manual tasks.

Provide appropriate material handling
equipment (i.e., dollies, carts, lift-assist
devices) during design and train staff on safe
lifting techniques.

Conduct a proactive review of onsite traffic flow
and update the traffic management plan to
include designated pedestrian routes, vehicle
access controls, and clear signage, in
alignment with WorkSafeBC traffic control
guidelines.

Establish a formal contractor safety
management program that includes
prequalification, site-specific orientations, task-
specific permits (i.e., hot work, confined space),
and ongoing supervision to provide for
compliance with safety protocols and
WorkSafeBC regulations.

ERP - Emergency Response Plan; JHSC - Joint Health and Safety Committee; LOTO - lockout/tagout; PPE - personal protective

equipment; SDS - safety data sheet
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8.9 Upgrade Phasing

In this framework, the liquids treatment train is designed according to projected population growth, flow
rates, and anticipated I/l volumes. In contrast, the solids treatment train is driven solely by population
growth projections and should be monitored to confirm timing. Following the evaluation of both
treatment trains, requirements for foul air management, as well as sitewide upgrades to EI&C systems,
were defined and integrated into the phased upgrade implementation plan to a planning horizon of 2060.
A summary of the phased major upgrades is presented in Table 49 and site plans for each phase are
provided in Appendix M.

Condition assessment recommendations will align with major phased upgrades based on risk evaluation
and the remaining useful service life of equipment.
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Table 49 CVWPCC Phased Upgrades

Upgrades ‘ Liquids Odourous Air Site Electrical
Phase 4 = New Headworks. = Minor modificationsto | = Main distribution retrofit.
(2030) = Operations, Grit and Blower Building Retrofit. existing odour control . pipe gallery retrofits (distribution,
= CEPT. system. voltage and MCCs).
= Administration Buildin . ;
= Bioreactor Improvements. HVAC renovations 9 Sz?rl'zcimccs A, B, and C with A/B
: istribution.
= Mixed Liquor Suspended Solids Splitter
Chamber. = Replace effluent MCC.
= Tertiary Filtration. = Site-wide MCC upgrades.
= UV Disinfection. = Service entrance equipment
upgrade.

= Effluent Pumping Station Retrofit.
= Generator replacement.
= New Blowers (2).
= RAS Pump A Replacement.
= Service Air Compressors.
= Service Water System (Reclaimed Water).

Phase 5 = Fourth Primary Clarifier D. = DAF Polymer = Replace Scrubber No. 1 | = Replace MCC-G with MCC-GA and
(2040) »  Potential Tertiary Filtration Expansion. Automation. at end-of-life. MCC-GB (for scrubber equipment).

= Diurnal Equalization = Consider MCC-E replacement if

condition deteriorates.

Phase 6 = Fourth Bioreactor D. = Third Gravity Thickener. = Replace MCC-D with MCC-DA and
(2045) = Fourth Secondary Clarifier D. = Third DAF, MCC-DB (for thickening equipment).
= Second TPS Storage = Replace MCC-H with MCC-HA and
Tank. MCC-HB (for DAF equipment).
= Second TWAS Storage = Replace MCC-E with A/B distribution
Tank. (for centrifuge upgrades) if not done
) earlier.
= Centrifuge upgrades.
Phase 7 = Fifth Primary Clarifier E. = Potential Third TPS = Replace Scrubber No. 2
(2060) Storage Tank. at end-of-life.
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sccrone RECOMMENDED ALTERNATIVE

The CVWPCC is a critical asset for the CVRD. While operationally stable, the facility is approaching key
limitations in treatment capacity, infrastructure condition, and compliance margin. This Site Master Plan
establishes a phased upgrade roadmap to address aging assets, manage forecasted growth, respond to
regulatory evolution, and improve resilience, energy performance, and operator safety through 2060.

9.1 Recommendations

Phase 4 (2030) - Foundational Upgrades:

= Construct a new headworks building with mechanical bar screens (6-mm perforated plate, 2+1
configuration) and provision for future grit removal.

= Implement CEPT with chemical storage and dosing systems to improve primary clarifier loading
capacity.

= Complete bioreactor upgrades based on SVI and sludge settleability piloting.

= [nstall a new MLSS splitter chamber to allow equal flow distribution between bioreactors and
secondary clarifiers.

= Replace RAS pumps servicing Secondary Clarifiers to address current and future RAS demand and
address cavitation concerns.

= Commission tertiary filters and UV disinfection to enable wet weather treatment strategy for bypassed
primary flows above two times ADWF.

= Retrofit the Administration Building, including expansion of main electrical room.

= Upgrade the effluent pumping station to accommodate future flows.

= Replace main electrical distribution with A/B configuration, upgrade to 3.5 MVA service entrance.
= Replace MCCs A, B, C, and effluent MCC with A/B distribution.

= Replace the standby generator (1,000 kW) and implement interlocks to prevent overload during
outage operations.

= Retrofit pipe gallery electrical distribution (relocate MCCs and VFDs to main electrical room).
= Implement Administration Building HVAC renovations.

= Replace process blowers (two) serving bioreactors due to end-of-life condition and maintain reliable
aeration capacity.

*  Modify the odour control system by diverting airflows from aerated grit tanks and primary clarifiers
from Scrubber 1 to Scrubber 2 and connect new headworks facilities to Scrubber 2.

= Monitor systemwide air supply balance and blower station performance to confirm blower capacity
expansion triggers.

= Begin retrofitting Secondary Clarifiers A and B with new drives and structural repairs as pilot for future
clarifier upgrades associated with sludge settleability.

»  Proceed with the installation of two new air compressors to provide process air demands.
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= Construct a reclaimed water system including adjacent sump to UV Disinfection Building, reuse
pumps, and distribution piping to support onsite process water uses.

Phase 5 (2040) - Capacity Expansion:
= Add a fourth Primary Clarifier D and expand sludge pumping capacity.

= Potential expansion of tertiary filtration with fourth unit based on flow monitoring/operating
conditions.

= Replace Scrubber 1 (end-of-life) with 47,000 m3/h capacity unit.
= Reassess grit handling redundancy and outfall diffuser performance under high tide events.
= Replace MCC-D and MCC-G with A/B distribution for thickening and odour control equipment.

= Diurnal flow equalization to improve treatment performance

Phase 6 (2045) - Secondary Train Buildout:

=  Construct a fourth bioreactor (Bioreactor D) and fourth secondary clarifier (Secondary Clarifier D) to
increase capacity and meet redundancy requirements until end of plan.

= Upgrade associated RAS pumping and new blowers to meet required demands.

= Replace existing centrifuges with higher capacity units for increased sludge handling.
= Add a third gravity thickener for primary sludge handling.

= Expand sludge storage with second TPS and second TWAS tanks.

= Add a third DAF unit for WAS thickening redundancy. Replace MCC-H and MCC-E with A/B
distribution

=  Replace remaining process blowers (three).

Phase 7 (2060) - Capacity Expansion:
= Add afifth primary clarifier E and expand sludge pumping capacity to align with Phase 5.
= Install a third TPS storage tank (pending operational monitoring).

= Replace Scrubber 2 and remaining end-of-life HVAC units.

9.11  Systemwide and Long-Term Recommendations

= Consider replacing the existing primary equalization basin with a purpose built diurnal equalization
basin to improve treatment performance in the future when needed or at the time of replacement of
the existing basin liner.

= Maintain updated PLC control drawings and implement a digital twin for process simulation and
training.

=  Formalize WorkSafeBC-aligned protocols for confined space entry, LOTO, and contractor safety
management.

= Improve resilience by:

»  Relocating all electrical equipment from flood-prone areas.
» Adding emergency access, egress lighting, and life safety signage.
» Installing new HVAC systems in chemical and dewatering rooms.
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= Continue partnerships with academic institutions for pilot testing of PFAS control, biosolids reuse, and
energy optimization.

= Evaluate potential for resource recovery (heat recovery, reclaimed water, energy-from-sludge) as
technology and regulatory environments evolve.

=  Periodically validate population and flow projections to confirm capital timing and adjust phasing as
needed.

= Track and report GHG emissions annually, using sector-aligned inventory tools, to inform
decarbonization investments.

This Site Master Plan confirms that a staged implementation approach, grounded in system condition,
flow/load projections, and operational priorities, is necessary to modernize the CVWPCC and extend its
service life through 2060. It prioritizes critical early investments in core treatment, electrical, odour, and
safety infrastructure, while retaining flexibility for future adaptation. When implemented as recommended,
the upgrade program will help the CVRD deliver safe, compliant, and resilient wastewater treatment for
the planning horizon.

secrion 10 IMPLEMENTATION PLANNING

Implementation planning presents a high-level roadmap to implementing the future upgrade pathway at
the CVWPCC, built upon the preceding sections of the Site Master Plan. It translates planning outcomes
into a staged capital investment strategy and identifies some of the key considerations for the permitting,
regulatory, and procurement activities required to advance the project from planning into delivery; as well
as a recommendation to review flow and load projections to confirm timing of the phased upgrades. The
cost estimates for each phase of the capital investment strategy are currently under development and will
be refined as the design progresses and market conditions are assessed.

The CVRD's objective is to implement system upgrades in a manner that aligns with long-term service
needs, accommodates projected growth, meets regulatory requirements, and provides flexibility to adapt
to emerging concerns and regulatory changes, and prioritize opportunities for future-proofing the facility
over time.

10.1 Opinion of Capital Cost

The opinion of capital cost has been developed to reflect the recommended implementation phasing
described throughout this Master Plan, aligning infrastructure investments with forecasted population
growth, regulatory compliance requirements, and long-term service objectives. Costs are organized by
major process area and implementation phase, with assumptions based on preliminary layouts,
equipment concepts, and engineering judgement. All costs are in 2025 dollars and are Class D level
estimates (£50%). The upgrade program is structured across the four major phases as presented inTable
50.

The capital cost estimate reflects current understanding of site constraints, equipment sizing, staging
needs, and integration with existing infrastructure. Cost inputs are informed by vendor quotes (where
available), recent project benchmarks, and allowance-based assumptions for civil, structural, electrical, and
instrumentation scopes. The phased approach also allows for periodic technology reassessment and
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potential optimization of future investments through net present value (NPV) analysis, should project
timelines or priorities shift.

10.1.1  Phase-Based Opinion of Capital Cost Summary

Detailed opinion of capital costs for the recommended upgrades at the CYVWPCC, organized by
implementation phase and major process area, are presented in Appendix N.

Each phase aggregates costs across key treatment areas, including the liquids and solids trains, site civil
works, and supporting infrastructure. Bioreactor improvement will be completed under separate contract
in 2025 for Bioreactor C.

The estimates incorporate both direct and indirect costs. Indirect costs include bonding, survey, temporary
utilities, contractor mobilization, and operations and maintenance startup allowances. In addition,
allowances have been included for general contractor overhead and markup, owner's costs, engineering
services, and contingency. All values are presented in 2025 dollars.

Estimated costs support long-range capital planning and NPV analysis over the 2030-2060
implementation horizon. These costs presented herein are opinions of probable cost based on a Class D
level estimate (+50%) and are intended for planning purposes only. Actual costs may vary significantly
due to market conditions, detailed design development procurement strategies, and other factors beyond
the control of the project team. No warranties or guarantees are made regarding the final construction
cost. A summary of the capital costs is presented in Table 50 below.

Table 50 Opinion of Probable Capital Cost (Class D)

Direct Indirect | Total Direct + | Total Total Budget Inflation-
Cost Cost Indirect Cost | Construction Project (2025%)3 Adjusted Cost*
Cost! Cost?

Bioreactor 2025/ $04M | $0 $0.4M $0.4 M $0.5M $0.6 M $0.6 M
Improvement
Phase 4 2030 $525M |$6.6 M $59.1 M $68.0 M $771 M $100.3 M $1134 M
Phase 5 2040 $11.7M [ $1.2M $129 M $14.8M $16.8 M $21.9M $31.7M
Phase 6 2045 $29.6M | $3.7M $33.3 M $38.3M $434 M $56.5 M $92.5 M
Phase 7 2060 | $11.9M [$1.2M $13.2M $152M $17.2M $22.4M $53.1 M
Notes:

1. Total Construction Cost = Total Direct + Indirect Cost + General Contractor Overhead, Profit & Risk (15-20%). Indirect
costs include bonding and insurance, survey layout and project record documentation, temporary utilities, lighting,
structures and facilities, mobilization and demobilization, operation and maintenance manuals, record drawings, general
contractor overhead, owner’s costs, engineering services, and contingency.

2. Total Project Cost = Total Construction Cost + Owner’s Costs (1.5%) + Engineering Services (12%).
3. Budget (2025$) = Total Project Cost + Contingency (30%).

4. Inflation Rate = 2.5%.

All costs in Canadian dollars. Detailed cost breakdowns by discipline are provided in Appendix N.
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10.2 Required Permitting, Assessments and Next Steps

10.2.1  Known Permitting Considerations

Implementing the Phase 4 upgrades for the CVWPCC requires careful navigation of provincial permitting
processes and assessments. Ensuring compliance with British Columbia's regulatory framework is essential
for project approval and environmental stewardship. Key regulatory considerations include the following.

10.2.1.1  Municipal Wastewater Regulation (MWR)

As described in Section 1, the CVRD is pursuing an OC under an approved LWMP. Once finalized, the LWMP
Stage 3 will serve as a key regulatory instrument that governs effluent quality requirements and the staging
of facility upgrades, operating in parallel with the MWR requirements described below:

=  Environmental Impact Studies (EIS): Conducted by qualified professionals to assess potential
environmental impacts of the wastewater facility and receiving environment. The EIS must include
measures for controlling impacts during construction and operation.

= QOperating Plans: Development of comprehensive plans detailing proper operation, maintenance,
monitoring, staff training, commissioning, contingency procedures, and, if applicable, irrigation and
closure plans.

= Certification by Qualified Professionals: Submission of statements certifying that the facility's design
and proposed discharge meet regulatory requirements.

10.2.1.2 Waste Discharge Authorization

A waste discharge authorization is typically required for discharging effluent. The process involves:

= Pre-Application: Submission of preliminary forms and fees, followed by a pre-application meeting
with the Ministry of Environment to discuss requirements.

= Application Submission: Provision of detailed technical assessments, environmental impact studies,
operating plans, and other documentation as specified in the Application Instruction Document.

= Review and Decision: A technical review by ministry staff, with potential requests for additional
information, leading to a decision on the authorization.

10.2.1.3  Environmental Assessment Act (EAA)

For major projects, an environmental assessment under the EAA may be required to evaluate potential
environmental, economic, social, heritage, and health effects. Determining whether the CYWPCC upgrades
qualify as a reviewable project is crucial.

10.2.1.4 Local Government Permits

Coordination with local authorities is necessary to obtain building permits and provide for alignment with
municipal bylaws and development plans. This may involve demonstrating that the project meets local
zoning requirements and infrastructure standards.
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10.2.1.5 Indigenous Consultation

The CVWPCC is in the unceded traditional territory of the K'dmoks First Nation and the current and
planned sewer infrastructure upgrades impact the traditional lands and waters of the K'émoks people. The
CVRD is committed to upholding the principles of the United Nations Declaration on the Rights of
Indigenous Peoples and has established a process with Chief and Council to facilitate dialogue and guide
meaningful engagement. This process will be the foundation for consultation for upgrades planned at the
facility.

The LWMP process also requires ongoing stakeholder engagement, guided by Technical and Public
Advisory Committees, that includes First Nations and residents of the CVRD, Comox, and Courtenay. This
engagement will continue through LWMP Stage 3.

10.3 Additional Permitting Considerations - 2025 and Beyond

Protection of the environment is key in maintaining healthy ecosystem function and is a key objective of
the CVRD liquid waste management process. As the CVRD develops long-term plans to upgrade, adapt,
and maintain wastewater treatment infrastructure for the area, consideration of current and potential
environmental requirements and impacts associated with the future operations of the site will be ongoing.
Environmental regulations typically become more stringent over time as scientific understanding
advanced and public expectations increase. The following section outlines additional environmental
regulations and considerations beyond those previously discussed.

10.3.1 Water Considerations

10.3.1.1  BC Riparian Areas Protection Regulation (RAPR)

Any development within 30 m of the highwater mark of the wetland located to the west of the property,
or any ditches or drainages that connect to downstream habitat, will require assessment under the RAPR.
This assessment will need to be completed by a Qualified Environmental Professional (QEP) and submitted
to the provincial Riparian Areas Regulation Notification System (RARNS) review system as well as the
CVRD.

10.3.1.2 BC Water Sustainability Act

The Water Sustainability Act (WSA) pertains to “changes in and about a stream” that includes any
modification to the nature of the stream, including any modification of the land, vegetation and natural
environment of a stream or the flow of water in a stream, or any activity or construction within a stream
channel that has or may have an impact on a stream or stream channel.

Also, the WSA contemplates water quality, and quantity in relation to watersheds, streams, aquifers or
other area, feature or matter. The WSA prohibits introducing foreign matter into a stream, unless
authorized. Spills, leaks, irrigation and site developments resulting in alterations below the high-water
mark of wetlands and streams could impact freshwater systems including drainages, aquifers and
wetlands, on or around the site. Regional timing windows, Emergency Response Plans and protocols as
well as Environmental Management Plans (EMP) and Erosion and Sediment Control Plans (ESCP) can help
mitigate risks of impacts to water quality during maintenance and upgrades to the treatment plant.
Changes in and about a stream are permitted using change approvals - a written authorization with
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specific terms and conditions prescribed by regional Habitat Officers. Change approvals typically require
90 to 120 days to process, with longer processes needed for more complex projects.

10.3.1.3 BC Groundwater Protection Regulation

Any potential development will have to take into consideration that a registered groundwater well is
located south of the primary effluent EQ basin - approximately 127 m from its closest edge. The Health
Hazards Regulation Section 8(1)(c) states wells are required to be 120 m from any cemetery or dumping
ground. This may also apply to the spreading of biowaste via irrigation if that is considered desirable on
the property (Health Hazards Regulation, B.C. Reg. 216/2011, s. 8).

10.3.1.4 Aquifer Protection

Two groundwater monitoring wells are installed at the CVYWPCC adjacent to the equalization storage
basin. The monitoring wells were installed in 2019 and are used to monitor groundwater for potential
environmental contaminations associated with operation of the equalization basin constructed in 2019 as
well.

The monitoring wells at the CVWPCC are sampled twice a year once during the high-water level period in
the spring and once during the low water level period in Aug/Sept. Analytical results from the two wells
are reviewed by a hydrogeologist and compared to previous results to monitor for any changes to water
quality in the area.

10.3.1.5 BC Environmental Management Act (Spill Prevention and Reporting)

This act regulates spills to water or watercourses (any volume) or spills over a specified volume to land. Spill
Response Plans, included in EMPs, can cover spill response during construction phases, including reporting
limits and contact information.

10.3.1.6 Canadian Environmental Protection Act

Federal act specific to pollution prevention and the protection of the environment and human health in
order to contribute to sustainable development. This act covers waste and hazardous waste
transportation, disposal, management and storage, including litter, and regulates permits and approvals
to discharge, handle, treat or transport. EMPs may be required to meet permit and approval applications.

10.3.1.7 Federal Fisheries Act

Potential release of sediments or other deleterious substances from site development, leaks of chemicals
or fluids from the treatment plant, accidental overflows or leaks from piping infrastructure could impact
local streams, wetlands, drainages or stormwater systems that enter potential fish-bearing habitat,
including the marine environment. The Fisheries Act also contemplates impacts on riparian vegetation.
EMPs, ESCPs, and regional timing windows can help mitigate risks of impacts to water quality during
maintenance and upgrades to the treatment plant.

10.3.1.8 Aquatic Habitat Development Permit Area
Rural Comox Valley Official Community Plan 2014 Bylaw No. 337 - Schedule ‘A’ requires an Aquatic

Habitat Development Permit on “all lands within 30 metres measured from the present natural boundary
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of a watercourse, or top of slope where a steep slope is located immediately adjacent to the watercourse,
on both sides of the watercourse, including the area of the watercourse.” It is also required for “all lands
within 30 metres measured from the present natural boundary of the sea, or top of slope where a steep
slope is located immediately adjacent to the sea.” There is a known wetland located northeast of the
CVWWCC that would likely trigger this bylaw and development permit. A biophysical assessment
produced by a qualified professional biologist is required for lands that qualify for this DP.

10.3.2 Wildlife and Vegetation Considerations

The following bird, wildlife, and vegetation acts and regulations can be complied with by utilizing the
expertise of a robust EMP prepared by a QEP, pre-construction nesting surveys and regular onsite
presence of environmental monitors where required for construction and maintenance activities.

10.3.2.1 BC Wildlife Act

Protects birds, their eggs, and their nests while occupied, and nests of eagle, peregrine falcon, gyrfalcon,
osprey, heron, or burrowing owl at any time.

If construction is planned during the general nesting window (Figure 32), a nesting bird survey must be
completed by a QEP ahead of construction. This includes instances in which there is no vegetation
removal planned, as buffers may be required around any active nests found within the site or within the
perimeter of the construction area. There is known presence of former heron rookeries and eagle nests
within proximity of the property, and the presence of the wetland to the west of the property increases
the potential for nesting birds in surrounding habitats. The general nesting window for the area begins as
early as March 12 and goes until August 17.
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Figure 32 General Nesting Window by Area

In Figure 32, the general nesting window for the CVRD area is illustrated. The earliest nesting, and latest
nesting periods are indicated by blue lines, while most nests are found in the darkest red coloured period.

10.3.2.2 Federal Migratory Birds Convention Act and Migratory Birds Regulations
(2022)

The Migratory Birds Convention Act (MBCA) sets the broad legal framework for protecting migratory
birds, including their eggs and nests, while the Migratory Birds Regulation (MBR) provides specific
regulations and details on how the protections are implemented. Of note, these regulations protect
Pileated Woodpecker nests and Great Blue heron nests (amongst others) for extended periods - including
up to 36 months after the birds have stopped using the nest. This results in a requirement for repeat
surveys over the prescribed period (up to 36 months) - as determined by species, to prove a nest is
inactive, and the registration of nests/cavities deemed inactive by repeat surveys by a QEP (Environment
and Climate Change Canada, 2022).
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10.3.2.3 Eagle and Heron Habitat Development Permit Bylaw 2365 (CVRD)

Assessments by a QEP may be required for development permit applications if nests are found or have
potential to be within the buffer area of construction activities.

Tools and References for Birds and Protected Nests

Great Blue Heron Atlas There is a high probability of heron use of the area in proximity of the CVWPC
based on historical records. A mapped colony exists within 100 m of site to east, the GBHE-106-030 Curtis
Road Colony, last active in 2006 https://cmnmaps.ca/gbhe gomap/(British Columbia Great Blue Herons
Atlas, n.d.). A suggested buffer of 200 m in rural areas or 60 m in urbanized areas, with an additional

200 m buffer in nesting season is recommended. Blasting should not be undertaken within 1,000 m
during nesting season (January 15 to September 15). Protect foraging areas as well (the wetland to the
southwest may apply if estuarine habitat exists).

A QEP can determine if great blue heron colonies are located within a distance requiring the
implementation of noise buffers and other mitigation strategies for this species.

Wildlife Tree Stewardship Atlas (bald eagle and osprey nests) BAEA-106-314 was noted as unattended
in 2021 - but was mapped within 500 m of centre of site (Wildlife Tree Stewardship Atlas, n.d.).

Again, a QEP can determine the presence of eagle or osprey nests within the area and can prescribe noise
or “no-go” buffers or implement a monitoring program if construction occurs in the nesting season for
bald eagles.

10.3.2.4 BC Wildlife Act

The provincial Wildlife Act protects vertebrate animals from direct harm, except as allowed by regulation
(e.g., hunting or trapping). Legal designation as Endangered or Threatened under the Act increases the
penalties for harming a species; the Federal Species at Risk Act (SARA). The majority of future planned
works are to occur on previously cleared areas so it is unlikely that these sensitive and protected species
and ecosystems will affect project works. Future surveys by a QEP should examine the potential for at-risk
species.

Tools and References for Species and Ecosystems at Risk

Comox Valley Regional District iMap - Sensitive Ecosystems Inventory (SEI) shows known locations of
sensitive habitats - including wetlands, streams, ditches, and a variety of vegetation types. In addition,
floodplain mapping completed for the area is also available. This indicates some portions of the
undeveloped property lie in floodplain areas. Although these areas are outside of current development
plans, they should be considered if additional land clearing or development is considered and assessed by
a QEP.

Conservation Data Centre (CDC) - Known locations online mapping service is a tool that can be used to
check for known mapped locations of species and ecological communities at risk. Absence of occurrence
records in an area does not necessarily indicate that there are no species or ecological communities at risk
present in the selected area. However, it only indicates that the database does not currently contain
records of their presence. A detailed assessment by a QEP in the appropriate season is the only method to
confirm presence or absence of species or ecological communities at risk. For instance, a recorded
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occurrence of wandering salamander Aneides vagrans (BC Blue listed species, SARA listed as special
concern), is recorded approximately 400 m northwest from the entrance to the site. CDC mapping can be
accessed online for additional reference (B.C. Conservation Data Centre, n.d.).

10.3.3 Invasive Species

Invasive species often colonize development sites via imported soil, wildlife and human transport. An EMP
can address the control and removal of invasive species observed onsite or species with the potential to
colonize on the site during and after project works. The following legislation pertaining to invasive and
noxious species and their treatment or removal, could apply to the current site and future development.

10.3.3.1 BC Weed Control Act

Designates a list of invasive plants as ‘noxious weeds' at the regional and provincial level and imposes a
duty on all land occupiers to control such species on their land to prevent spread.

10.3.3.2 BC Integrated Pest Management Act and Regulation

The Pest Management Act and Regulation pertains to laws that regulate the storage, sale, transportation
and use of pesticides. The Integrated Pest Management (IPM) Program of the ministry promotes IPM and
environmental stewardship and compliance with the Integrated Pest Management Act and Regulation
through prevention techniques and regular inspections as opposed to using pesticides as a regular
approach, and only when numbers warrant it.

10.3.3.3 BC Forest and Range Practices Act

Section 26, Subsections 1, 2, and 3 pertain to forested areas on private and crown lands and the
requirements to manage the pests affecting the stand health by submitting a proposal to control and
dispose of insects, diseases, animals or abiotic factors affecting forested areas.

10.3.3.4 Controlled Alien Species Regulation

This covers the spread of listed alien species including aquatic species such as Dreissena polymorpha
(zebra mussel), Dreissena rostriformis bugensis (quagga mussel), and Mytilopsis leucophaeata (Conrad's
false mussel). Future works involving aquatic or marine environments (infrastructure expansion, repair or
replacement) could introduce unwanted alien species to waterways if the equipment being used was
imported from an area where those species were known to be present. This is considered relatively
unlikely.

10.4 Delivery Considerations

10.4.1 Introduction

Project delivery methods define the contractual and organizational structure through which a project is
planned, designed, constructed, and in some cases operated and maintained. Each method assigns roles,
responsibilities, and risks differently among the owner, designer, and constructor, influencing how
decisions are made, how collaboration occurs, and how or what outcomes are achieved.
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The selection of a delivery method has significant implications for project success. It affects cost certainty,
schedule flexibility, risk management, innovation potential, and the degree of collaboration between
stakeholders. It is important to highlight that no single approach is universally applicable, specifically each
approach comes with inherent advantages and disadvantages depending on the project’s complexity, risk
profile, timeline, and the owner's desired level of control and integration.

Eight relevant project delivery methods such as Design-Bid-Build (DBB), Progressive Design-Build (PDB),
Construction Manager at Risk (CMAR), Fixed-Price Design-Build (FPDB), Integrated Project Delivery (IPD),
Design-Build-Operate, Design-Build-Finance-Operate-Maintain (DBFOM) and Indefinite
Delivery/Indefinite Quantity (IDIQ) are evaluated to support the selection of a delivery approach that
aligns with the objectives and attributes of the CYWPCC upgrade project. Appendix O outlines the
detailed description of each project delivery method.

10.4.2 Summary of and Identification of Shortlisted Delivery Methods

Table 51 summarizes key attributes of the project delivery methods considered for the CVWPCC
upgrades. It compares each model based on level of owner control, cost and schedule certainty, and how
project risks are allocated. This high-level comparison is intended to support initial screening of suitable
approaches for future phases of work, with emphasis on alignment to CVRD's strategic objectives, delivery
capacity, and risk tolerance.

Table 51 Summary of Potential Alternative Delivery Methods

Delivery Method | Level of Cost Certainty Schedule Certainty | Risk Allocation
Owner Control
DBB High High Low Design risk on owner;
(post-tender) construction risk on contractor
CMAR Moderate Moderate-High Moderate-High Shared during design; CM holds
(GMP) construction risk post-GMP
PDB Moderate Moderate (target High (collaborative | Shared early; builder assumes
pricing) phasing) risk post-GMP
IPD Shared Variable High (collaborative ~  Risk is pooled and jointly
(consensus-based)  (open-book) execution) managed by all parties
FPDB Low High High Most risk on design-builder
DBO Low High High High risk on private partner for
(if long-term pricing performance and operations
secured)
DBFOM Very Low High High Broad risk transfer to private
(long-term contracts) sector across lifecycle
IDIQ High Variable High (per task) Risk is low and managed per
(task-by-task) task order
Notes:

(1) Level of Control reflects the owner’s influence over design, pricing, and construction decisions.

(2) Cost Certainty evaluates the reliability of final pricing (early vs. late in the process).

(3) Schedule Certainty reflects predictability of delivery timelines based on integration and procurement structure.

(4) Risk Allocation summarizes how key project risks (design, scope changes, pricing, delays) are distributed among
participants.

CM - construction manager; DBO - design-build-operate; GMP - guaranteed maximum price
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10.4.3 Project Attributes and Evaluation Criteria

Municipalities typically select project delivery methods based on factors such as owner experience, risk
tolerance, project complexity and size, schedule requirements, innovation goals, and procurement
frameworks. Owners with the capacity to manage design and construction risks often prefer traditional
approaches like DBB. In contrast, municipalities aiming for greater integration, faster delivery, or enhanced
innovation may consider collaborative models such as Design-Build (DB).

For the CVWPCC upgrades, select evaluation criteria for consideration can include:
= Internal control over design outcomes and scope changes.

= Alignment with CVRD's procurement policies and organizational capacity.

= Risk allocation between owner and contractor.

=  Opportunities for innovation, cost predictability, and phased delivery.

These factors guided the initial screening and were reflected in Table 51 and further detailed in
AppendixO.

10.4.4 Evaluation and Recommendation

DBB remains the preferred delivery model for many municipalities in infrastructure projects that demand
transparency, well-defined scope, and high owner control. To this effect, DBB is familiar to public agencies,
supports competitive tendering, and clearly delineates responsibilities for design and construction, largely
fitting well with CVRD's governance, oversight structures, and risk tolerance.

That said, alternative delivery models, particularly DB and PDB, are gaining traction in the municipal
sector. These models provide benefits such as early contractor involvement, enhanced constructability
reviews, schedule acceleration through overlapping phases, and single-point accountability for both
design and construction. Studies show that DB projects can be delivered faster and with similar or better
cost control compared to traditional DBB.

10.4.41 Recommendation

Given CVRD's established procurement framework, desire for strong owner control, and internal capacity,
it's recommended that they continue utilizing the DBB approach for their procurement. DBB offers clear
cost accountability, a predictable bidding environment, and minimal administration complexity.

However, recognizing the growing adoption and demonstrated performance of DB and PDB in municipal
infrastructure, it is suggested that CVRD consider evaluating these alternative delivery methods for future
projects, particularly where accelerated schedule, innovation, shared risk, or lifecycle value come into play.
These alternatives may offer enhanced delivery efficiency, integrated cost-schedule optimization, and
greater adaptability, and may be well-suited for more complex or schedule-critical scope elements, in line
with how the CVRD has delivered the Sewer Conveyance Project and Water Treatment Project.

10.5 Infrastructure Future Proofing

As understanding of CECs continues to grow, future-proofing wastewater infrastructure has become a
strategic necessity for utilities. These substances are increasingly detected in wastewater influent, effluent,
and biosolids, yet conventional treatment processes are ineffective at addressing them. As such,
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infrastructure planning must now account for their presence, behavior, and regulatory trajectory to remain
resilient and compliant over the long term. Considerations are provided below.

10.5.1 Design Flexibility and Modular Expansion

The selection of a dedicated WWF system provides not only operational and cost advantages but also
strategic flexibility to adapt to evolving regulatory requirements. In particular, the decision to integrate
tertiary filtration as part of the WWF train preserves onsite space, hydraulic head, and infrastructure
capacity that can support future treatment enhancements, in particular CECs.

While technologies such as ozonation, activated carbon adsorption, membrane filtration, and advanced
oxidation processes (AOP) offer potential for CEC removal, they are capital-intensive and not yet widely
mandated. By incorporating modular WWF infrastructure and reserving real estate in key locations,
CVWPCC has worked to provide future-proofing initiatives in its process train. The site layout and selected
treatment approach leave room to pilot or implement advanced processes in a phased manner as future
effluent quality objectives tighten.

In this way, the WWF system supports long-term resilience, not only by deferring costly secondary clarifier
upgrades, but also by maintaining adaptability for emerging treatment needs under the MWR and
potential future federal or provincial standards for CECs.

10.5.2 Enhanced Monitoring Capabilities

To remain responsive to evolving regulatory and public health expectations around CECs, CVRD looks to
prioritize investment in expanded monitoring infrastructure. CVRD's recent experience with PFAS and
PFOS testing in biosolids has demonstrated both the technical feasibility and regulatory importance of
trace-level surveillance. However, consistent and proactive CEC monitoring across influent, effluent, and
solids streams will become increasingly important as national and provincial standards mature.

While current lab capabilities can support periodic grab samples for a limited suite of CECs, future
regulatory frameworks are likely to demand more comprehensive datasets, including time-weighted
composite samples and higher-frequency monitoring. To meet this need, CYVWPCC should plan for the
installation of flow-paced composite samplers at key monitoring locations, particularly post-secondary
and post-tertiary treatment, and potentially at the influent to biosolids handling systems.

10.5.3 Sludge and Biosolids Management

At present, CYWPCC thickens and dewaters the sludge at the facility, and then the thickened and
dewatered sludge is hauled to a composting facility. At the composting facility, the dewatered sludge is
stabilized further through an aerated static pile composting process. The final product is a compost that
meets the OMRR standards for Class A compost, which is then sold to the local community. CYWPCC
should continue composting the sludge (or biosolids) until the regulations related to CECs especially PFAS
or the market for compost product decrease.

CVWPCC has proactively initiated PFAS and PFOS monitoring of biosolids produced at the CVWPCC
According to the CFIA's interim standard, biosolids and compost intended for import or sale in Canada
must contain less than 50 parts per billion (ppb) (ug/kg) of PFOS, which is used as an indicator for PFAS
content. Testing conducted in October 2024 showed PFOS concentrations ranging from 1.8 to 3.4 pg/kg
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in compost. Further testing in February 2025 reported PFOS levels of 70 to 150 pg/kg in biosolids and

2.1 to 3.1 pg/kg in the compost. Current results suggest concentrations in compost are within acceptable
limits, supporting the continued production of Class A compost (SkyRocket). However, shifting public
perception and the potential for future regulatory tightening may challenge the long-term viability of
composting as the sole management strategy.

To future-proof solids management, CVRD has started evaluating contingency strategies that go beyond
conventional stabilization. These include thermal destruction technologies such as pyrolysis or
gasification, which can significantly reduce or eliminate PFAS and other recalcitrant compounds. The
existing Site Master Plan and TM 04 acknowledge that the CVWPCC is space-constrained, limiting the
feasibility of large-scale anaerobic digestion but leaving room for modular thermal treatment
infrastructure should composting become untenable.

In parallel, CVRD is also considering upstream interventions, namely source control and industrial
pretreatment programs, that could work to limit the introduction of CECs into the collection system. These
strategies, combined with infrastructure planning that leaves space for future treatment process
integration, are key to identifying biosolids remain a viable resource rather than a liability.

10.5.4 Source Control Integration

Source control will likely be a key in mitigating CECs, especially given the space and process limitations at
CVWPCC. Reducing CECs at the source, before they reach the collection system, can significantly ease the
treatment burden and protect downstream biosolids quality, supporting ongoing composting efforts.

The CVRD is well-positioned to expand source control through targeted industrial and commercial
engagement. High-priority sectors could include dental offices, veterinary clinics, long-term care homes,
and facilities using flame retardants or surfactants, which are known sources of pharmaceuticals, PFAS,
and other persistent organics. While the region is not heavily industrialized, even small contributors have
the potential to disproportionately affect biosolids quality and overall plant performance.

As regulatory interest in source reduction grows, CVRD should consider developing a structured
pre-treatment and pollution prevention program, starting with a survey of local businesses and
institutions to identify potential contributors. Education and voluntary source reduction strategies can be
effective starting points. Over time, the CVRD’s may move toward formal discharge limits or permitting for
certain high-risk sectors, mirroring models used by other mid-sized utilities.

10.5.5 Regulatory Preparedness and Risk Assessment

While the CVWPCC currently meets applicable effluent and biosolids regulations, emerging standards at
the federal and provincial levels are likely to introduce more stringent monitoring and treatment
requirements in the coming years.

CVRD could consider integrating risk-based scenario planning into its capital and asset management
strategies. These assessments can help evaluate the potential impact of various regulatory pathways on
infrastructure, operations, and biosolids reuse. For example, scenario models could assess how a future
PFAS effluent limit or ban on land-applied biosolids might affect existing processes, space requirements,
and cost projections.
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While the Site Master Plan project will provide CVRD with process and site flexibility that will support
regulatory adaptation, it is important to note that regulatory preparedness will also depend on internal
governance and tracking mechanisms. Establishing a formal review cycle for emerging regulations, such as
those that aligned with provincial guidance updates, and assigning responsibility for horizon scanning
within operations or engineering teams would help the CVRD stay informed and ready to act.

10.5.6 Research Partnerships and Adaptive Planning

The Site Master Plan positions CVRD to adapt to emerging regulatory and treatment needs. While today’s
requirements are well-defined, future expectations, for example around contaminants of emerging CECs,
are likely to become increasingly more stringent.

To capitalize on this flexibility, CVRD should look to formalize partnerships with academic institutions,
peer utilities, and regulatory agencies to stay aligned with best practices and technology advancements.
Collaborations with groups such as Vancouver Island University could support pilot studies in CEC
removal, energy optimization, or biosolids reuse.

Beyond physical planning, governance tools will be key. Establishing a technical review committee or
research advisory group could support ongoing assessment of innovations and trigger updates to the
capital plan. Similarly, setting aside modest funds for continual pilot testing could allow CVRD to respond
quickly to new opportunities or regulatory changes.
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