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This document is for the sole use of the addressee and Associated Engineering (B.C.) Ltd. The document contains proprietary and confidential information
that shall not be reproduced in any manner or disclosed to or discussed with any other parties without the express written permission of Associated
Engineering (B.C.) Ltd. Information in this document is to be considered the intellectual property of Associated Engineering (B.C.) Ltd. in accordance with
Canadian copyright law.
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responsibility for damages, if any, suffered by any third party as a result of decisions made or actions based on this report.
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1 ISSUE

The Skana Water System is a small water system located on Mayne Island, operated by the Capital Regional
District (CRD). The Skana Water System consists of two groundwater wells (Wells 8 and 13) and two treatment
facilities (Skana and Sandy Hook), one for each well to chlorinate the groundwater.

Skana water treatment plant feeds a set of two gravity storage tanks which provide water at pressure, via distribution
pipe. The existing horizontal cylindrical welded steel tanks have been identified as having significant corrosion. They
are at the end of their 40-year lifetime and are not believed to meet post disaster seismic design requirements.
Consideration of options for their replacement is required.

2 BACKGROUND

2.1 Existing System

The Skana Water System is located on Mayne Island, serving homes on Waugh Road, Aya Reach Road, Skana Road,
and Sandy Hook Road, near Lighthouse Point, generally on the north of the Island. The system is served by Skana
water treatment plant and tanks which are located south of Waugh Road, as well as by Sandy Hook water treatment
plant, northwest of Sandy Hook Road, as illustrated in Figure 2-1. The system currently serves approximately 53
parcels, with a current capacity of 45.3 m3 per tank, 91 m?3 in total. The system has the ability to be developed up to a
maximum of 73 parcels.

The tanks are located at an approximate elevation of 50 m. By gravity, a series of 100 mm PVC pipes supply water at a
residual pressure reported to be up to 350 kPa (50 psi), to parcels along Waugh Road, Aya Reach Road, and Sandy
Hook Road, at an approximate elevation of 20 m. The location of the existing Skana water system tanks is suitable for
gravity storage tanks, and is accessible from Waugh Road, for ease of maintenance and operation requirements. The
tanks were constructed in the 1970s and are constructed as horizontal steel cylinders, each supported on two
concrete saddles. Tank 1 is shown in Figure 2-2 with the second tank out of view behind it.
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Figure 2-1 Skana Water Service Area
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Associated observed the concrete saddles for Tank 1 (closest tank in Figure 2-2) to have settled and sitting at an angle
0.4° to 2.7° off of level. The tank walls are understood to be 6 mm thick based on measurements written on the outer
tank wall as well as a 2016 assessment report.

The tanks contain low- and high-level float switches, which are used to control the production of water. The level
switch wires are routed in the same raceway as the PVC pipe, as illustrated in Figure 2-2.

The Water Treatment Plant is located on the same site, adjacent to the tanks. Single phase power is provided to the
water treatment plant from a pole mounted transformer adjacent to the treatment plant building.

To understand the operation of the system, relevant background information was collected from the CRD and a site
visit was conducted on 7 November 2024. Annotated photographs taken during the site visit are included in
Appendix B. Background information reviewed included:

° Record Drawings

° Skana water system annual report (2023)

° Assessment of System Tanks, conducted by Stantec (2016)
° SCADA system overview

3 STAKEHOLDERS

The primary stakeholders for the tank replacement are stakeholders are property owners and residents within the
service area boundary including customers whose potable water is supplied from the system. Other stakeholders
include the Capital Regional District Infrastructure & Water Services (IWS) who own, operate and maintain the system.

4 OBJECTIVE

The objective of this memorandum is to review available information and recommend next steps for the future water
storage needs of the Skana water system.

(/4
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5 TECHNICAL REVIEW OF SYSTEM

51 Tank Sizing

Replacement tanks for the Skana Water System should be designed in accordance with the BC Ministry of Health’s
2023 Design Guidelines for Drinking Water Systems in British Columbia (Guidelines). Mayne Island Trust Land Use
Bylaw No. 146 was also considered, but the provincial guidelines provide the most comprehensive direction for
reservoir design. Use of these recently introduced guidelines will be beneficial for obtaining the required Permit to
Construct Waterworks, from Island Health Authority, at the completion of the tank design.

Sizing the tanks to include fire storage presents a problem for the Skana system. The demand on the system is
typically low relative to the larger volume of water which would be required for fire storage. Fire storage would
therefore result in high water age, and present water quality challenges. A comparison of storage volume with and
without fire storage is presented in Table 5-1.

In lieu of a regulatory requirement, the CRD’s July 2009 Engineering Specifications and Standards Drawings
summarize requirements which are applied within the Juan de Fuca (JDF) distribution system, and these were used as
a basis to develop tank sizing with fire storage. Section 4.12, Reservoirs, of the standards recommends:

e Equalization storage of 25% of maximum day demand (MDD)
e Fire storage of 1,200 m®
e Emergency storage of 50% of average day demand (ADD)

The fire storage required by the JDF standards would result in extremely long residence time within the Skana tanks
and would cause water quality issues. As an alternate, we recommend typical single family home fire flow of 4000
L/min for 1.5 hours, resulting in a volume of 360 m?, as per the Fire Underwriter’s Survey, Water Supply for Public Fire
Protection Guidelines. However, the existing infrastructure at Skana water treatment plant and tanks is inadequately
sized to deliver flows of 4000 L/min to hydrants within the Skana system. The existing 100mm diameter piping would
also present limitations for fire flow, providing higher velocities than required to the hydrants. Fire storage was not
further considered at this time.

Table 5-1 Tank Volume Comparison

With fire storage (m®) | Without fire storage (m®)

Equalization storage

25% of maximum day demand (16.6 x 2.5 x 0.25) 114 i
Fire storage 360 -
Emergency storage 8.3 i
50% of average day demand (16.6 x 0.25)

Maximum day demand (16.6 x 2.5) - 46
Total reservoir volume 380 46
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As fire storage is not to be provided, the Guidelines indicate that storage equal to MDD should be provided. Water
production records indicate a 2019 - 2023 ADD of 12m?3/day (source: Skana Water Production spreadsheet provided
by CRD). Scaling this value for maximum likely population growth to 73 parcels at build-out of the service area
provides an ADD of 16.6 m3/day. The peaking factor of 2.75 from the Guidelines is then applied to the ADD figure to
estimate MDD, providing a recommended 46 m? of storage. This is approximately 50% of the volume available in the
existing tanks.

Build-out capacity can be achieved through construction of a single 46 m® tank, or through two 23 m?® tanks. A vertical
tank solution is recommended for either tank configuration. Vertical tank(s) occupy a smaller site footprint, and design
of foundations for seismic and gravity loads is simpler compared to a horizontal tank.

A larger tank could also be considered in order to provide additional emergency storage beyond the amount required
by the guidelines. Providing additional storage will improve the resilience of the system, for example by allowing
additional time for recovery of source wells or in case repair parts need to be mobilized to the island using scheduled
ferries. A significantly larger tank can result in operational challenges due to high water age. Keeping the size of the
existing tanks, at 92 m® (rounded up from 91 m?® to provide double the 46 m® capacity) total, has been demonstrated to
provide a reasonable balance of these considerations and suitable for maintaining an adequate level of service to the
water system users. The service area can experience extended power outages and is situated in a remote location, so
having storage beyond the Guidelines calculation of 46 m* will be useful.

5.2 Tank Material

Tanks suitable for potable water service may be manufactured from a wide variety of materials. For field-erected tanks
away from large population centres, bolted steel tank construction is common. For small-scale tanks such as those
required at Skana, shop fabricated tanks are available in a wider range of materials, including various polymers, coated
steel or stainless steel.

Glass-fused (bolted) steel tanks have been used for many years for many applications including reservoir and other
liquid storage purposes. This type of tank can provide an economical way to combine shop coating of panels with field
erection for a robust tank. Historically, depending on the corrosiveness of the stored liquid, epoxy coated steel tanks
have performed satisfactorily with the service life of the epoxy coating lasting at least 30 years. Glass-fused steel
tanks have also been used in many similar applications where the estimated maintenance life can extend beyond 50
years. Cathodic protection is often used as an additional measure to protect these tanks and prolong the overall
service life. These tanks can be assembled on site using relatively lightweight equipment.

When the required tank size is small enough to facilitate shipping of a complete tank, it is also practical to fabricate a
steel tank off site, apply factory coatings to the entire fabrication, and deliver a complete tank to site. As tank sizes
exceed 3.5 to 4 metres in diameter, transportation becomes increasingly challenging. Epoxy coated steel would be a
likely choice, and coating life of at least 30 years could be expected. Fabrication quality can be better controlled
compared to a field-fabricated tank. A large crane is required to lift a shop fabricated tank. Manufacturing for welded
steel tank(s) could likely to be completed in BC and this option is therefore less prone to concerns around shipping
disruption, Canadian Dollar value fluctuation, and import tariffs.

Cross-linked polyethylene (XLPE) is a polymer with excellent mechanical properties that can be manufactured into
tanks within a manufacturing facility.

@
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The material is suitable without protection for storage of potable water or for other materials such as chemical storage
and can be procured with NSF 61 certification. A carbon black additive can be added to the polymer during
manufacturing to reduce the effects of UV exposure which can cause the material to become brittle over time. These
tanks would absorb more solar radiation due to the black additive, resulting in higher water temperatures and
requiring operational management to avoid water quality degradation. The mechanical properties of cross-linked
polyethylene allow it to provide adequate performance even under seismic loading. An XLPE tank would be expected
to last at least 20 years.

Stainless steel is another candidate material which offers many of the benefits of steel while being more resistant to
environmental corrosion. Stainless steels are generally still susceptible to corrosion in the presence of chloride (salt),
including the sodium hypochlorite which is added to the Skana water for disinfection. When tank size becomes small
and the relative cost of applying coatings is more significant, this can be a good option. Stainless steel can be
passivated, rapidly forming a thin layer of oxide which prevents more significant corrosion. A stainless-steel tank with
proper maintenance would be expected to last more than 50 years if chloride levels are carefully managed. Stainless
steel was not considered further due to the additional care required for management of chlorides.

Corrosion within a steel tank often takes place above the water line within the tank where excessive moisture
exchanges with oxygen create corrosion when metal is exposed. Therefore, regular maintenance and monitoring
programs to inspect for corrosion will help extend the overall service life of any metallic tank. Such programs can be
performed through observation at the rooftop hatch of the tank, and a permanent access ladder can be provided to
facilitate the required access. For larger tanks, two access manways should be installed at the bottom of the tank at
opposite sides. This will improve the safety access from a confined space and improved ventilation.

Tank material options can be considered in more detail as the work progresses, and it is also possible to procure a tank
in such a way that a contractor will propose the tank that provides the best value to the Skana system from more than
one acceptable solution.

53 Tank Replacement

Construction of replacement tanks would result in a water system that operates in the same way as the existing
system. This would require the construction of new tanks complete with foundations, piping tie-in to the 100 mm PVC
inlet and outlet, and instrumentation. Since these tanks would be hydraulically similar to the existing tanks, it is not
anticipated that any modifications to the treatment plant would be required.

Three options were considered for a single 92 m3, or pair of 46 m® vertical tanks to accommodate the required
volume: cross-linked polyethylene, glass-fused (bolted) steel and shop fabricated (welded) steel tanks. Using paired
tanks will allow the CRD greater flexibility in terms of maintenance and eventual tank replacement. With concrete
foundation slabs, ladders and roof hatches, the cost for these tanks is estimated in Table 5-2, for each material type.
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Table 5-2 Class D Opinion of Probable Cost (+/- 50%)

Option Likely capital cost Estimated Life
One 92 m? glass-fused steel tank $1,420,000 30
Twin 46 m® welded steel tanks $940,000 50
Twin 46 m3 XLPE tanks $790,000 20

A single glass-fused steel tank of 92 m3 provides approximately twice the required capacity. The cost of a glass-fused
steel tank in this size is relatively high, and consequently glass-fused steel is not commonly used for tanks of this size
unless there are significant access constraints for a site that preclude lifting of a shop fabricated tank into place. This
site does not have such access constraints. Despite the operational flexibility having two tanks allows for, a single
glass-fused steel tank is proposed as the smallest available size of glass-fused steel tank is 73 m®. Two glass fused steel
tanks would provide excessive volume for maintenance of suitable water quality. The cost of two glass-fused steel
tanks would also be prohibitive.

Based on a welded steel tank, or tanks, with foundations, piping and instrumentation, the total installed cost is
expected to be in the range of $940,000 +/- 50%.

Cross-linked polyethylene tank(s) would provide a lower up-front capital cost; however, they also have the shortest
anticipated service life. To allow comparison of the tank options with different service life expectancy, a life cycle
analysis was conducted, for which the findings are presented in Appendix D. This analysis indicates that for typical
discount rates below about 5%, the welded steel tanks are the more cost-effective option. If a high discount rate (>5%)
is used, the XLPE tanks are a better option. The capital cost factored into the life cycle analysis considers manufacture,
transport and installation costs for the tank itself. Whereas the Class D Opinion of Probable Cost (Table 5-2) accounts
for all direct and indirect costs related to the tank replacement. This cost breakdown is detailed in Appendix A.
Therefore, the overall capital costs listed in the class D opinion of probable cost differ from the life cycle analysis.

A geotechnical investigation is recommended to be conducted at the location of the replacement tank(s), due to
proximity to the adjacent slope. This is to be considered in conjunction with the design of tank foundation envelope
and depth, and with consideration for seismic requirements.

It is anticipated the existing chlorine recirculation pump in Skana water treatment plant, can be re-used for tie-in to
the new tank(s), and configured to the new tank(s) volume to achieve the required chlorine residual of the system.

It is recommended that the construction of the new tanks be staged to ensure a tie-in sequence that minimizes service
disruptions. Initially, one existing tank will be decommissioned while the other remains in service. During this time, the
new tank—or one of the two new tanks—will be constructed. Once completed, the second existing tank will be
decommissioned, and service will be fully transitioned to the new tank(s).

Wired level transmitters with backup float switches can be used for the new tank(s), providing comparable information
to the existing setup. A more significant upgrade to the existing control system may be appropriate at the same time,
given the age of the existing controls.

@
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54 Refurbishment of Existing Tanks

A detailed condition assessment was conducted in 2016, concluding that replacement tanks were required. The
assessment consisted of visual observations of the inside and outside of the tank supplemented by non-destructive
testing to confirm thickness of steel elements. The 2016 observations included major corrosion down the entire
length of the tanks as well as severe pitting on the tanks’ bottoms. It was noted that the tanks were designed and
installed prior to the enactment of modern seismic requirements, and they are unlikely to perform adequately in a
significant earthquake. It would be technically feasible to refurbish these tanks and upgrade seismic capacity;
however, due to the complexity of such an undertaking this is not anticipated to be less expensive than a replacement.
Refurbishment would include upgrading or replacing foundations, welding new steel in areas of corroded tank shell
and other components, and field-applying new coatings suitable for potable water. The work would need to be
conducted in stages to keep one tank in service throughout. Strict attention to quality management would be required
for field welding, surface preparation, and coating application in order to achieve the desired results. Replacement is
proposed as a more practical option due to the complexity of refurbishment.

6 RECOMMENDATIONS

Based on this analysis, it is recommended that the CRD proceed with design and procurement of a pair of 46 m? shop-
fabricated welded steel tanks with an epoxy coating. This option provides good operational flexibility at reasonable
cost with the ability to conduct good quality control in a factory setting and minimize site disruption. Using paired
tanks will allow the CRD greater flexibility in terms of ongoing operation and maintenance.
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APPENDIX B - SITE PHOTOS
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Capital Regional District
Mayne Island

APPENDIX D - LIFE CYCLE ANALYSIS

Appendix A
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