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1.

Introduction
This report has been prepared for the Village of Pemberton (Village) and summarizes the completed
water treatment investigation regarding three (3) groundwater wells that provide water to the Village.
Water is currently supplied by two groundwater wells (Wells 2 and 3) that are connected to the
Pemberton Creek Fan Aquifer. A third well (Well 1) is no longer connected to the system. Water quality
data collected from 2009 to 2020 indicate periods in which iron and manganese levels in the well water
exceeded the Health Canada guidelines for aesthetic parameters. In May of 2019, Health Canada
lowered the aesthetic limit for manganese and introduced a new health-based limit for manganese. The
health-based limit was the outcome of recent research and peer reviewed studies.
The purpose of this investigation was to review up to three available water treatment options that would
provide Village residents with potable water that meets Canadian Drinking Water Quality (GCDWQ)
guidelines. This report addresses the following tasks:
1. Investigate potential treatment options to address water quality concerns in the Village water system;
2. Evaluate different treatment options and recommend the most suitable option for the application;
3. Identify proposed water treatment plant (WTP) configurations based on locations and access to
sanitary system; and
4. Provide a Capital and Operation and Maintenance (O&M) cost opinion for the recommended options.
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2.

Background/Justification
A review of the existing water system with emphasis on the performance of the source aquifer was
performed by the Village in 2020. Water quality results from the Village wells report iron and manganese
levels exceeding the Aesthetic Objectives of 0.3 mg/L for iron (Wells 1 and 2) and 0.02 mg/L for
manganese stated in the GCDWQ (Wells 1, 2, and 3). Manganese levels in Wells 1 and 2 also exceed
the Maximum Allowable Concentration (MAC) of 0.12 mg/L.

Figure 2-1: Water Quality Data for Wells 1, 2, and 3

1

1
Village of Pemberton, Water System Performance Assessment, 2020. Well 1, not shown on the iron level graph due to scale, had a test
result of 16.7 mg/L in 2013, the last time it was tested.
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The north side of the reservoirs is surrounded by proposed townhomes. On the east side of the
reservoirs, there is a proposed park. There is also a proposed pump station located in this park that would
service zone 3 (a small number of lots within the current development as well as the whole extent of the
future development to the west).
The development will increase the population by approximately 1,252 people. For the proposed and
future developments, this will create an average daily domestic flow of 569,660 L/day (6.6 L/s), a
maximum daily domestic flow of 1,139,320 L/day (13.2 L/s) and a peak domestic flow of 2,258,640 L/day
(26.1 L/s) for the new development alone.
Skénkenam Development Limited Partnership is funding the Village’s engineers to update/develop
existing village infrastructure, water/sewer/storm models to determine capacity.
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5.

Water Treatment Investigation
Three water treatment options to reduce the iron and manganese levels in the system were considered.
This section briefly summarizes these options.

5.1

Option 1: Oxidation and Filtration using Catalytic Media
Most iron and manganese removal treatment processes require oxidation as the first step of treatment to
precipitate the iron and manganese dissolved in the water. Normally this is done by injecting the source
water with an oxidant such as sodium hypochlorite or potassium permanganate. Once oxidized, the
precipitates can be settled or filtered out. Sufficient oxidant must also be added to ensure the adsorption
characteristics of the GreenSandPlus™ are regenerated to continue to attract any dissolved manganese.
Media filtration with GreenSandPlus™ media is an effective and proven means for reducing both iron and
manganese in dissolved or precipitated form in raw water. In a GreenSandPlus™ media filter the media
acts as a catalyst for the iron and manganese oxidation process. As water passes through the filter bed,
the oxidized iron and manganese are retained by the filter media and their concentration in the water
reduces as water progresses downward through the filter. The filter would require periodic backwashing
to remove the accumulated iron and manganese precipitate.
GreenSandPlus™ media can remove both iron and manganese but removal efficiency of each parameter
varies depending on the pH of the water as well as the concentrations of other constituents in the water. Pilot
testing is usually completed to establish the removal efficiency of iron and manganese in a specific water. As
a minimum, bench scale testing with the actual water should be completed prior to full-scale implementation.

5.2

Option 2: Oxidation and Media Filtration
This treatment process incorporates oxidation of iron and manganese in the water to convert the dissolved
forms of the metals to a solid. Often exposure to air is sufficient for oxidizing iron, but for manganese, a
stronger oxidant such as ozone or potassium permanganate is used in the oxidation process. Following
the oxidation process, water passes through sand media filters to filter out the formed precipitate. Sodium
hypochlorite is then dosed to provide virus inactivation and secondary chlorine residuals.
Sand media filters are either gravity or pressure type. The filters are backwashed periodically for
removing the precipitated material on the surface of the filters.
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5.3

Option 3: Biological Treatment
Biological filters are designed to remove soluble iron and manganese from the water supply by the
biological activity and uptake of impurities by the naturally occurring bacteria retained in the filter media.
Unlike Options 1 and 2, biological treatment does not require any chemical oxidants and relies on usually
two stages of biological filters.
The process consists of raw water passing through the biological filters, where conditions are established to
promote the growth of specific bacteria for iron removal, and a different type of bacteria for manganese
removal. Soluble particles will build up and be retained in the filter media and form dense and compact
precipitates. Over time, insoluble particles build up in the filters and backwashing is required to remove the
build up. Due to the compaction of precipitates and longer filter times, the biological treatment process has a
longer retention time and therefore allows the system to achieve longer filter run times. Air is injected into the
raw water prior to entry into the biological filters to foster bacteria growth.
For application related to the biological treatment of iron and manganese, the process system will require
individual treatment (or two stages in a series) to meet the required environmental conditions for
biological removal of iron and manganese. This requires controlled aeration and filtration for biological
iron removal and intensive aeration and filtration for biological manganese removal. 2 Biological treatment
can be applied in gravity or pressure filters, where pressure filters are designed for high-rate operations.

2

Sharma K.K. Petruseveski B, & Schippers J.C. 2005 Biological Iron Removal from Groundwater: A Review.
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6.1

Recommended Water Treatment Process
Oxidation and catalytic (GreenSandPlus™) filtration for the specific removal of iron and manganese is the
preferred treatment option for the existing source based on the information summarized in Table 6-1.
Options 1 and 2 are similar in process and configuration; however, the primary process difference is that
Option 1 only uses chlorination process as the pre-oxidant with GreendSandPlus™. The chlorination pretreatment completes two steps; step one allows for continuous regeneration of the GreenSandPlus™,
and step 2 provides for 4-log virus inactivation and a secondary chlorine residual of the treated water.
For Option 2, a stronger pre-oxidant other than chlorine is required and involves the introduction of
another chemical (i.e., potassium permanganate or ozone) to fully oxidize the dissolved iron and
manganese. A conventional sand media filter is then used to remove the precipitated iron and
manganese. Option 2 still requires disinfection with chlorine and contact time for virus inactivation and a
chlorine residual.
Option 1 uses chlorination for two requirements, Option 2 uses chlorination for only one requirement, but
also requires a stronger pre-oxidant like ozone prior to the sand media filter. Option 1 is a more efficient
and cost-effective process and is easier to operate than Option 2.
With respect to Option 3 biological treatment, benefits such as longer filter times and less backwashing as
well as the need for no chemical oxidants are considered favourable, but biological treatment can still be
considered an option with many unknowns that can be influenced by the source water. Limitations with
biological treatment are summarized below:
1. High reliance on bacteria formation at start of the process. This may require additional adjustments
and trial periods at the start of the project resulting in a duration that provides inefficient treatment.
Maturation of bacteria for full efficiency may last up to 50 to 60 days for a new filter; 3
2. Chance of bacterial die out resulting in treatment stoppages;
3. Process may be influenced by substances such as ammonia, hydrogen sulfide, and zinc;

4

4. Need for experienced operators that understand the system and requirements to operate
biological treatment;
5. Formation of anaerobic conditions in the filter bed resulting in elevated iron concentrations in
the filtrate; and
6. Need for specific conditions for iron and manganese oxidising bacteria (i.e., may required twostage filtration).
Based on the above, a more conventional approach with oxidation by chlorination and catalytic media
filtration is recommended.
The recommended treatment process is portrayed in the block flow diagram shown in Figures 6-1 and
6-2. These figures show similar details, but the main difference is whether the proposed WTP includes
access to a sanitary collection system. These figures can be used as a guide or refences as information
is described in the report.

3

Stevenson, D. G. 1997 Water Treatment Unit Processes. World Scientific, Singapore, pp. 261–266, 275–293.

4

Twort, A. C., Ratnayaka, D. D. & Brandt, M. J. 2000 Water Supply, 5th ed. Arnold, London.
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7.2

Location 1: Behind Existing Reservoir
At Location 1, the proposed WTP will be positioned behind, and elevated above, the existing reservoirs.
Siting the proposed WTP at this location provides both benefits and drawbacks. The major benefit of
having the proposed WTP at Location 1 is the option to have treated water gravity fed to the existing
reservoirs. This would eliminate the need for a clearwell and domestic pump(s) to provide treated water to
the existing reservoirs. The removal of clearwell and domestic pump(s) would reduce capital and
operation costs, as well reduce maintenance associated with pump operation and future replacement.
Drawbacks related to Location 1 include increased capital costs associated with increased sitework
related to locating the proposed WTP to the north of the existing reservoirs. Existing well pumps would
likely need to be updated or replaced as the well pumps will need to pump to a higher elevation and will
need to account for added pressure associated with treatment.
Design and construction considerations to locate the proposed WTP north of the reservoirs will include
the following:
1. Environmental and permit applications related but not limited to tree removal, bird surveys, and
working within set back of creeks;
2. Increased work associated with archaeological and geotechnical assessments near Location 1;
3. Review of elevation details related to site location and top water level (TWL) of the existing reservoirs.
Additional pump(s) may still be required if elevation difference between the proposed WTP and TWL
of the reservoirs is not achievable;
4. Increased sitework preparation such as clearing, excavation, backfill, and compaction, as well as
increased construction related to access roads and parking spaces to allow for access to the
proposed facility;
5. Additional routing of buried utilities such as raw, treated, backwash, and recycle lines will need to be
designed and constructed;
6. Upgrades to existing well pumps to increase head pressures to allow well water to reach higher
elevation of the WTP and capacity to pump through the proposed WTP; and
7. Will likely require a future pump station to provide water to a proposed future development. Should
the proposed development move forward, a clearwell with domestic pump(s) could be constructed at
the proposed WTP at Location 1. This would eliminate any benefits associated with gravity fed
treated water to the existing reservoirs as described above. This would provide an opportunity for cost
sharing with the developer. It is assumed the cost of the clearwell and pump(s) would be the
responsibility of the developer should the proposed WTP be located at Location 1 and gravity feed of
treated water is achievable.
Based on information provided by Skénkenam Development Limited Partnership (refer to Section 4), the
Village will need to discuss with the developer the proposed location of the proposed WTP which may
result in the overall reduction of lots or units located near the reservoir. The Village will also need to
discuss with the developer regarding future pump station and reservoir requirements, as a clearwell at the
WTP could be constructed to perform the duties of a future pump station. This would save additional
space near the reservoirs by reducing the need for a separate pump station building and would be more
cost effective for both parties.

7-3
0743.016-300

VILLAGE OF PEMBERTON
Water Treatment Investigation
Final Report
January 31, 2021

7.3

Location 2: Front Existing Reservoir
The second proposed location for the WTP is southeast of the existing reservoirs. Location 2 will be at an
elevation lower than the TWL of the reservoirs, so a clearwell and domestic pump(s) would be required to
feed treated water to existing reservoirs. Based on field reconnaissance of the existing reservoir site,
Location 2 will likely require less site modification, reducing the capital cost of the proposed WTP.
Drawbacks of Location 2 include higher costs associated with constructing the clearwell and installation
of domestic pump(s). Additional pump(s) also increase operational and maintenance requirements and
adds additional complexity should pump issues (faults, failures, power outages, etc.) become frequent in
the future.
If the proposed WTP were to be developed at Location 2, there is an opportunity to incorporate the design
for future domestic pump(s). This would provide an opportunity to combine both the clearwell and the
future pump station building for the proposed development into a single footprint. Cost-sharing
opportunities would be made available as discussed above.
Design considerations for Location 2 will be similar those noted above but are noted as follows:
1. Environmental and permit applications related to tree removal, bird surveys, and working within set
back of creeks;
2. Complete archaeological and geotechnical assessments;
3. Review of elevation details related to site location and TWL of the existing reservoirs to confirm
domestic pump(s) sizing;
4. Upgrades to existing well pumps to increase head pressures to allow well water to be pumped
through the proposed WTP; and
5. Design and construction of a clearwell and domestic pump(s) to provide water to the existing
reservoir. Provisions can be made to include additional space for future domestic pump(s) for
future reservoir.
Similar cost sharing opportunities will need to be discussed with the developer.
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7.5

Dedicated Watermain to WTP and Existing Chemical Dosing
An existing dedicated water main provides water from Wells 2 and 3 to the existing reservoir. Sodium
hypochlorite and soda ash are currently dosed along Aster Street near Pioneer Park. Based on
discussion with operators, there do not appear to be issues with the sodium hypochlorite dosing system.
The current soda ash dosing system is located at the Well 1 pump station. Operation staff have noted
concerns and higher staff requirements with operating the soda ash dosing system and include increased
labour requirements associated with preparing soda ash solution and scaling issues when injecting rates
decrease during low demand periods.
The Village has requested KWL review past dosing requirements and testing procedures to determine
whether the existing soda dosing requirements should be changed. Findings from this investigation are
out of scope for this report but will be summarized in a separate technical memorandum.
The cost estimates presented in Section 8 will include a new soda ash dosing system and a bulk bag
feeder for comparative purposes. The bulk bag feeder system should reduce operation requirements
related to preparation of soda ash solution. Additional information related to chemical dosing is described
in the following section and dosing related to the recycle line.

7.6

Soda Ash Dosing and pH Adjustment
Based on water quality parameters discussed in Section 2, pH levels are adjusted with soda ash from 6.0
to 6.8 pH. It should be noted that pH greater than 6.8 may cause some iron precipitation issues in the
proposed media filters (GreenSand PlusTM). If the required target pH is higher than 6.8, a two-stage
dosing process will need to be implemented to restrict formation of the precipitation in the filters and to
meet corrosion control requirements. These stages would involve the following:
1. Stage 1 (pre-dosing), pH can be increased to 6.8 (via dosing with soda ash) for efficient filtration; and
2. Stage 2 (post dosing), pH can be increased with soda ash (or caustic based on confirmation of
enough alkalinity in water after Stage 1 pH adjustment) for corrosion control.
Stage 1 and 2 pH adjustments will need to be further investigated during pre-design based on the
technical memorandum to be issued on soda ash dosing, testing, and sampling.
A recycle line (to be discussed in later section) will be piped to the front of the treatment process from the
wash water collection tank to reduce the amount of water that would be disposed to the sanitary system.
The recycle water will mix with unprocessed groundwater prior to entering the treatment filters. Depending
on the recycle water’s time spent in the wash water collection tank, chlorine and pH adjustment may need
be injected into the recycle line prior to being blended with unprocessed groundwater.
Due to this arrangement, it is recommended that the existing soda ash systems be relocated to the newly
constructed WTP. New soda ash dosing systems can replace the existing system once the system is
unable to keep up with demands. It is proposed, a new chlorine dosing system should be installed at the
proposed WTP to limit the risk involved with relocating the existing chlorination equipment.
Chemical dosing systems will be sized to meet full buildout system so adequate sizing of these systems
can be fitted into the proposed WTP.
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7.7

Tie-ins
The developer has proposed new routes for the existing watermains to align with the proposed roads, as
shown in Figure 7-2. It is assumed two tie-ins for the inlet and outlet piping would need to be installed
upstream of the existing reservoirs to service the proposed WTP.

Figure 7-2: Proposed Alignment for Intake Pipes
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7.8

Facility Layout
As a post-disaster designed building, it is anticipated that the building structure would consist of a mixture
of reinforced concrete, potentially concrete block with wood or steel stud framing for interior walls. Surface
finishing in process rooms is likely to be cement board and/or chemical resistant fibreglass wall panels.
Concrete provides a more durable aesthetic look and provides an opportunity to customize the building
layout to suit site and treatment conditions as well as any operator preferences. Based on the design
requirement, room layout (soda ash and chlorine dosing), and future development, it is recommended a
customized post-disaster concrete building be constructed to house the treatment equipment. The
proposed water treatment plant layout is shown in Figure 7-3. It should be noted, the layout is for
discussion purposes only, as items may be omitted based on Village preferences, locations of the
proposed WTP, and access to sanitary services.
The proposed water treatment plant has a concrete foundation which includes 1.5 m pony walls for raw
water, backwash supply, and treated water pipe anchoring. This also provides for solid anchoring points
for the filter vessels. The dimensions of the proposed water treatment plant are approximately 21.7 m x
14.5 m, or 314 m2. The height of the building will be approximately 5 m in height to allow for pump and
filter removal and spacing for chemical dosing equipment. A clearwell and backwash tank (if required)
would be placed below the WTP floor as shown below. The following lists the major components of the
proposed WTP layout that were considered:
1. Three (two duty, one standby) vertical turbine pumps adequately spaced centre to center;
2. Two (duty and standby) vertical turbine pumps adequately spaced. Pumps to be installed when
proposed Pressure Zone 2 and 3 reservoir is constructed;
3. Ten 1,500 mm (60”) diameter filters spaced approximately 3.5 m apart center to center. Filters are
oriented so that operators have easy access to control valves and other components for easy
operation and maintenance;
4. Spacing for one future 1,500 mm (60”) filters to act as a spare treatment filter;
5. Separate electrical room comprising of VFDs, control panels (MCC), and other electrical equipment.
A clearance allowance of 1 m to meet code requirements and additional spacing for operations
was provided;
6. One 3 m roll up door located in the process room of the proposed WTP to allow for removal of pumps
and filters for maintenance, repairs, or equipment replacements;
7. Several access doors located throughout the building to allow for operator ingress and
emergency egress;
8. Laboratory area to allow for water collection and sampling work;
9. Chemical dosing and storage rooms to house sodium hypochlorite and soda ash;
10. Standard washroom with water closet, lavatory sink, and faucets; and
11. A 50 m3 clearwell and a backwash water collection tank located below WTP.
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7.9

Infrastructure Requirements
Electrical
The proposed WTP will require 3-phase 600 VAC power with a minimum of 200 A service but will likely
require less amperage if domestic pump(s) are not required.
Based on the site visit, 3-phase power is available off Eagle Ridge Drive, near the road that enters the
reservoirs. The village has requested that some electrical equipment stationed near the reservoirs be
moved into the water treatment plant. Building service electrical requirements and any additional services
need to be evaluated in a subsequent detail design phase.
The Village should discuss with the developer whether 3-phase power will be extended from Eagle
Ridge Drive up to the proposed Zone 3 Pump Station. Should extension of 3-phase power proceed
up to the proposed pump station, the Village should negotiate responsibility and conditions as part of
the development.

Sanitary Systems and Filter Backwash Collection
Use of filters to remove iron and manganese will require periodic backwash to remove accumulated solids
in filters. When the filters are backwashed, the generated backwater will head to the wash water
collection tank. To conserve water and reduce volumes of backwash water, water from the top of the
wash water collection tank will be recycled to the front of the proposed WTP for treatment.
The recycle pump will be programed to pump the recycled water on a pre-determined intervals (after
allowing approximately two hours after backwash for solids to settle down in the wash water collection
tank). Based on similar facilities, typical backwash volumes are approximately 5 to 7% of the total water
treated by the facility. It is safe to assume more than half of the backwash volume can be recycled to the
front of WTP.
Depending on the access and sewer capacities, the settled sludge will be pumped to a sludge tank. The
sludge tank will need to be cleaned out and haul away on a regular basis. If access to sewer is available,
settling and recycling can still be used to conserve water as previously mentioned.
Currently there are no existing sanitary mains near the existing reservoir locations that would be able to
accept any backwash wastewater from the proposed WTP; therefore, wastewater generated from
backwashing of media filters and other maintenance procedures will need to be captured and collected in
tanks for disposal.
Should a sanitary line be installed for the future development, portion of the backwash from the
proposed WTP can be disposed via the sanitary line. Access to a sanitary system would eliminate the
need for the backwash settling, and recycle, but a solids collection tank would still be used to reduce
the solids loading to the wastewater collection system. This option should be further evaluated in
preliminary design phase and should be evaluated against proposed development requirements and
wastewater treatment plant capacities.
Based on anticipated filter backwash volumes, a wash water collection tank will be approximately 50 m3 in
size which is equivalent to four backwash volumes plus room for freeboard. A 30 m3 tank would be used
for sludge collection.
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Domestic Booster Pumps Clearwell
Domestic booster pumps may also need to be installed to provide the required pressure to pump water to
the reservoir TWL height. Technical requirements along with Village preferences and location will need to
be reviewed during the design phase.
At Location 1 (north side of the existing reservoirs), the treatment plant would not require a clearwell or
pumps as the water would be gravity fed to the existing reservoirs. At Location 2 (southeast of the
reservoirs), a clearwell approximately 12.8 x 3.5 x 1.5 m (50 m3) would be required and would be located
below the floor of the proposed WTP. Should the Village include provision to have future domestic pumps
installed in the clearwell to provide treated water to a future reservoir, spacing (i.e., concrete pad) could
be included into the design and future pumps can be installed when the development is being built. The
Village will need to discuss cost share details with the developer.
Based on the above, if a clearwell were to be installed at the proposed WTP, the following pump
configurations or a combination of both could exist:
1. Three pumps (two duty, one standby) to pump water to the existing reservoirs; and
2. Two pumps (one duty, one standby) to pump water to the future pressure zone 2/3 reservoir.
Since it is considered a benefit for both the Village and developer to have a clearwell with provisions for
future pumps, all WTP option discussed below will include a clearwell. Clearwell size will differ based on
gravity fed and pumping requirements.
Allowances for well pump replacements and domestic pump installation have been included in the
Class D cost estimate.
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8.

Class D Cost Estimate
This section summarizes the cost opinions for various options discussed above. Options will be split
based on the locations of the proposed WTP and access to the sanitary line for backwashing of the filters.

8.1

Limitations
The projected capital costs presented in this report are based on Class D Capital Cost Opinions. These
costs opinions are order-of-magnitude level costs prepared with brief site information and should be used
for planning purposes only. The costs may be subject to change upon receipt of significant new site or
other information. A 60% allowance (40% contingency and 20% engineering) has been applied to the
cost options to reflect their high-level nature.

8.2

Assumptions
The selection, sizing, and projected costs of the proposed WTP are based on the following:
1. All options will meet design flow target of 60 L/s by 2040 and will have provisions to include additional
filters and pumps by 2040;
2. All options include a clearwell and pump(s) to provide treated water to the existing reservoir or future
Pressure Zone 2 and 3 reservoirs;
3. A revised soda ash system to be installed for all options;
4. Electrical supply is available at existing site;
5. Includes contractor overhead and profit mark up (30%) and PST (7%); and
6. Cost escalation uncertainty with supply chain issues, pandemic fallout or recent provincial flooding
could result in a cost escalation of 20 to 30%. This cost escalation has not been included in the cost
opinion presented below.
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8.4

O&M Cost Estimate
The Operation and Maintenance, O&M costs are allowances based on similar WTP projects completed by
KWL and are intended to be for comparison purposes between the various treatment processes
evaluated. It is anticipated that the estimate for O&M costs would be refined with subsequent phases of
work such as pilot testing, preliminary design, final design.
At this stage, the proposed WTP O&M Cost estimate is split among six categories which include electrical
operating charges, staffing, water monitoring, consumables, waste management, and facility
maintenance. The following summarizes how each category were calculated:
1. Electrical charges are based on typical electrical requirements of major equipment (i.e., pumping) and
anticipated duty cycle. Electrical cost rates at $0.10/kwh reflect industrial averages;
2. Staffing charges are based on typical hours required to maintain and operate the WTP. Assumes an
hourly charge rate of $40/hour. Staffing generally relates to routine labour, filter replacement, sludge
disposal, and after-hour response;
3. Water monitoring is assumed to be completed at the proposed WTP to measure overall performance
of the treatment process and to confirm the distribution is receiving treated water that meets guideline
requirements. It is anticipated samples will be collected quarterly at the proposed WTP;
4. Consumables are based on the recommended treatment process which include filter media
replacement and removal as well as chemical consumptions;
5. Waste management is the cost associated with disposal of accumulated sludge from the
backwashing of media filters. A disposal fee of $1,500/haul was applied at a rate of two hauls per
month for the proposed WTP. The cost associated with hauling could be eliminated if a sanitary line is
accessible; and
6. Maintenance are costs associated with the maintenance and replacement of equipment at the WTPS.
Based on the assumptions above, the estimated O&M costs for the proposed WTP ranges between
$248,000 and $285,000 per year. Lower range cost would be related to WTP options that have access to
sanitary system and would not require the need for sludge disposal services. It should also be noted,
approximately $110,000 of the O&M costs are related to replacement and maintenance costs which
would most likely be put aside to allow for equipment to age and be replaced.
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9.

Overall Discussion and Summary
Four proposed WTP options were presented in the information above to treat existing groundwater wells
to meet requirements of the GCDWQ. The proposed WTP should be designed to operate at 60 L/s and
will have provisions to supply any future adjacent development with the addition of domestic pumps
dedicated for that development. The proposed WTP will consist of ten 1,500 mm (60”) diameter filters with
GreenSandPlus™ media to remove iron and manganese and will be fitted with domestic pumps, recycle
pumps, and sludge pumps.
The treatment process at the proposed WTP will consist of oxidation by chlorination and filtration by
GreenSandPlus™ media. Oxidations by chlorine disinfection will promote precipitate formation of iron and
manganese and provide primary and secondary disinfection of the water. Catalytic media filtration with
GreenSandPlus™ will further react with dissolved manganese to promote absorption to the filter media.
Periodic backwash of the GreenSandPlus™ filter media will be required to remove the accumulated iron
and manganese in the filter. The backwash water will be sent to wash water collection tank where settling
of solids will occur. To reduce the amount of liquid waste for disposal, a recycle pump will pump the
supernatant liquid to the front of the WTP for treatment. Solids in the backwash collection tank will settle
to the bottom, where a sludge pump will transfer the solids to a sludge collection tank or lagoon for
storage and disposal. It is anticipated, disposal of solid waste will occur approximately one to two times
per month at the proposed WTP but will depend on the water quality of the raw water and actual volume
of water being treated.
The recycle line will be piped to the front of the proposed WTP from the wash water collection tank, where
chemicals will need to be injected upstream or downstream of the filters. Due to the proposed
arrangement, it is recommended, the existing soda ash systems be moved to the constructed WTP and a
new chlorine system be installed at the proposed WTP. A new pH adjustment system can replace the
existing systems once the system is unable to keep up with future demands.
The capital cost of the proposed WTP options range between $7.9 to $8.2 million depending on the
location, pumping requirements, and access to sanitary systems for sludge disposals. O&M costs
estimated to be $248,000 to $285,000 per year.
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10.2 Recommendations
Based on the conclusions of this study, a list of recommendations is provided below:
1. The Village to review the proposed WTP options and determine which configuration best suits their
needs and requirements;
2. Conduct bench scale testing with water from Well #2 and #3 to confirm Oxidation and Catalytic Media
Filtration with GreenSandPlus™ is able to meet treatment requirements;
3. Proceed with pre-liminary design of the preferred WTP option;
4. The Village, supported by KWL, apply for Investing in Canada Infrastructure Program Green
Infrastructure Grant by February 23, 2022;
5. The Village to confirm existing wastewater treatment plant capacity and determine whether additional
volumes as a result of the proposed WTP and future development would impact the treatment facility,
or the conveyance of sewage to that facility; and
6. Complete additional water quality samples of potential additional water sources to determine if
additional treatment process may need to be included at the proposed WTP.
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Background
Kerr Wood Leidal Associates Ltd. (KWL) has been retained by the Village of Pemberton (the Village) to
provide a Water Conservation Plan (the Plan). The Village has a higher per capita water use than the
Canadian average, indicating potential for reducing consumption through water conservation and leak
detection efforts.
The Village’s water source derives from two active wells that withdraw from the Pemberton Creek Fan
Aquifer which supply the Village population of approximately 3,100 as well residents of the SquamishLillooet Regional District who live in the Pemberton North Improvement District. Demands from the
Pemberton North Water System (PNWS) comprise approximately 17% of the total demand.
The goal of the Plan is to identify both where conservation efforts should be made, and tools and work
needed to reduce water use and leakage to achieve an overall reduction in per capita water use of 15% in
the next 10 years.
Incentives to conserve water are both economic and environmental. Economically, the Village is
significantly invested in its current source. Alleviating capacity constraints will defer infrastructure
replacement costs, reduce operational costs, reduce water treatment costs, and maximize the time that
the Pemberton Creek Fan Aquifer can be utilized before needing a new source. Environmentally,
reducing the extraction of water from the aquifer will subsequently also reduce the volume of wastewater
released, minimizing the impact to the environment.

Per-Capita Water Demands and Component Analysis
Average per capita water use is approximately 600 L/capita/day which included residential, industrial, and
commercial use but excludes water demand from the Pemberton North Water System. In 2017,
Canadian average per capita water use is 427 L/capita/day which also includes industrial, commercial,
and other uses.
The village’s current maximum day per capita demands are estimated at 1,190 L/cap/day which is high.
Per-capita water use is often used as a metric for assessing residential use and conservation efforts,
however, it is affected by the type and quantity of industrial and commercial (ICI) use. High ICI water use
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combined with a relatively low population can inflate the average per capita water use metric. Equally,
higher than average system leakage can have the same effect.
Water conservation initiatives should put focus and effort where improvements can be made based on
analysis of the components of water use. It is therefore necessary to understand where the greatest
reductions are possible by measuring other metrics such as leakage levels, the leakage infrastructure
index, residential base (indoor use), and seasonal water use.
The recommended process for determining the components of water use, including leakage, are
as follows:
1. ICI Use: Quantified by customer water meter billing database and estimates for unmetered
commercial and industrial use. It is noted that all businesses located in the Village’s industrial park
have water meters installed and it is estimated that metered ICI customers account for roughly half of
the total ICI use1 in the Village. Average, base, and seasonal usage for industrial and commercial
users may be estimated if all meters are read for billing at set times marking the normal transition
from winter to summer usage.
2. Water System Leakage: Quantified by zone night flow analysis. It is noted that the Village is working
towards providing SCADA monitoring for zone metering to allow leakage assessments to be
completed.
3. Base Demand and Base Residential water use: Review of average winter demand data. Base
demand is average winter demand. Base residential water use is calculated by deducting the
estimated industrial and commercial use and estimated system leakage from average winter demand.
4. Seasonal water use: Review of yearly flow data. The yearly quantity of seasonal demand and period
in which it occurs can be quantified by review of daily flow records.

Components of Water Demand
Water billing data from 2010 through to 2020 was reviewed along with source flow data from 2020 and
2021. In 2015, a major leak was identified and repaired. The leak was responsible for a daily loss
upwards of 500 m3 or 5.79 L/s, which accounted for roughly 20% of the water demand at the time.
A water balance was completed using billing data from 2016 to 2021 to categorize water use and
applying the breakdown to 2020 source flow data. Water demands have decreased by approximately
10% since 2016. Seasonal water use in 2021 was significantly higher than 2020 (+32%); however, 2021
was an uncharacteristically hot year, leading to many municipalities observing record water usage and
therefore was not considered in this analysis.
The following assumptions were made to complete the water balance:
1. Indoor residential water use is estimated to be 230 L/cap/day.
2. Unmetered ICI demands are assumed as approximately one-third of the total ICI demand.
Approximately half of the total ICI customers are metered, and it is assumed that these include the
larger water users.
3. Total base usage is calculated from the average day winter demand multiplied by 365 days.

1

Village of Pemberton Water System Performance Assessment
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a. Annual +2.4% (-1.7% to +7%)
b. Summer -5.9% (-30% to 5.3%)
c.

Winter +2.9% (-1.9% to +8%)

2. As well, the Pacific Climate Impacts Consortium (PCIC; plan2adapt.ca), estimates that by the 2050s
annual average temperatures in the region will increase by +3.1°C (+2.1°C to +4.2°C).
3. Extreme weather events (temperature and precipitation, drought, and flooding) are expected to
increase in frequency. The impact on water service may include increased storage requirements for
balancing peak flows.
4. The physical capacity of the Pemberton Creek Aquifer is considered a constraint into the future with
climate change worsening the effects of a growing population on demand.
5. Benefits of water conservation (mitigation and adaptation):
a. Reducing the extraction of water from the aquifer will reduce the volume of wastewater released,
minimizing the impact to the environment.
b. Reducing costs and carbon emissions of expanding the infrastructure to accommodate growth
(e.g., manufacturing, transporting, and installing larger watermains).
c.

Reducing carbon emissions associated with trucking water to overcome capacity constraints.

d. Maintaining more water storage in reserve for emergencies such as wildfires or extreme drought,
which may increase due to climate change.

Water Demand Targets
The following water conservation targets are recommended:
1. Overall water supply flow (annual total or average) at WTP: Maintain below 25 L/s through year 2040.
2. Maximum day demand at WTP: Maintain below 50 L/s through year 2040.
3. End user demand (L/cap/day): Reduce to 900 L/cap/day Maximum Daily Demand (MDD) and
450 L/cap/day ADD at WTP by year 2040.
Achieving a per-capita reduction in water demands of approximately 25% over the next 20 years will rely
on a combination of educational and regulatory measures to reduce water demands in existing buildings,
water-efficient new construction, and implementation of a water distribution loss management program.
If these measures are implemented, the targets are achievable with a water service area population of
4,750 in year 2040.

Current and Planned Water Conservation Measures
A planned adaptive strategy enables conservation measures to be tailored to meet the changing needs of
the community over time. The following conservation measures are currently undertaken or are planned
for implementation as required.
1. Regulation (current): In 2015 the Village established an Outdoor Water Use Regulation Bylaw
(Bylaw No. 792), which includes four water conservation levels as shown on Figure 1 below.
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