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Executive Summary 

Introduction 

The District of Squamish (District) provides water to a population of over 19,000 persons, including 
the supply, pumping, storage and distribution of an average of 10.7 Megalitres (2.8 million gallons) of 
water daily. The District desired an update to its Water Master Plan for continued upgrades of the 
water system that would accommodate future growth and replacement of aging infrastructure. The 
capacity of the District’s water system to provide service to accommodate future growth varies, 
depending on a number of factors such as the level of service required, location of future growth, age of 
infrastructure, etc.  

This study has assisted the District in understanding the capacity of its current water system and has 
identified servicing opportunities and constraints in order that future upgrades may be planned in an 
economic and efficient manner. It has also identified upgrade requirements along with a proposed 
schedule and costs. 

Community Growth Plans 

Notwithstanding that the District’s population growth has been relatively high in the past decade, the 
District continues to acknowledge that prospects for growth exist as a result of strong economic 
indicators in the Squamish-Lilloet region. The District’s Official Community Plan (OCP) notes that the 
District has a Growth Management Strategy which will make efficient use of the limited land base that 
is required to support community growth for the horizon of our Master Plan study period. District staff 
have suggested preferred locations for growth of up to a total District population of 31,525 persons by 
2031. This Water Master Plan has reviewed the infrastructure upgrades required to meet these growth 
projections. 

Water Supply 

The District’s water system is provided with raw groundwater that is pumped from wells that are 
located within the Powerhouse Springs well field. The water is of high quality, is potable, and is not 
provided with treatment other than disinfection. Water system improvements in the last decade have 
allowed the District to move away from its reliance on the surface water supplies from Stawamus River 
and Mashiter Creek. With the seven active wells at Powerhouse Springs, the District’s water supply is 
secure well into the future.  

There are no current concerns with the supply capacity of the District’s Powerhouse Springs wells. The 
District’s existing Maximum Day Demand (MDD) is approximately 188 L/s (4.3 MGD) but could 
increase to 299 L/s (6.8 MGD) under the future (2031) growth projections. By comparison, the 
potential supply capacity of the Powerhouse Springs well site is 760 L/s (17.3 MGD), which will be able 
to service the District well into the future. 
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Water Supply Pump Stations 

The capacity of the Powerhouse Springs well pumps is less than the ultimate capacity of the 
Powerhouse Springs well site. The total pumping capacity of the seven well pumps is approximately 
255 L/s (5.8 MGD) which is still adequate to provide service to the entire District well into the future.  

It is estimated that an additional well would have to be installed in the year 2024 as demand reaches 
255 L/s for the system. 

Water Booster Pumping Stations 

All of the District’s water booster pump stations have sufficient capacity to pump water to water 
storage reservoirs to meet existing maximum day demands and future (2031) growth requirements. 
There are no recommendations to upgrade any of the District’s pump stations. 

Water Storage 

Water storage reservoirs store water for balancing peak water demands, for fire protection, and for 
emergency conditions in the water system. Analyses of the District’s reservoirs suggests that some of 
the reservoirs have less than ideal capacity, but that, in many cases, the storage deficiencies may be 
managed by transferring of water from Pressure Zones of higher elevation to lower elevations through 
PRV stations that interconnect various areas of the District. 

The Squamish River and the Thunderbird zone, however, cannot “borrow” water from the upper 
pressure zones that it is connected to due to the significant magnitude of demands in the system, and 
relies heavily on the water stored in the Plateau and Thunderbird reservoirs. There is a need to 
increase the sizes of these reservoirs. 

Distribution Network 

Opus DK has updated the District’s existing hydraulic water model to determine the existing level of 
service the District is currently providing to its residents, as well as how the system would look like 
under the future (2031) growth scenario. System pressures and available fire flows coincident to 
maximum day demand were carefully reviewed under all scenarios, and the selection of water system 
improvements was carried out in order to first address existing deficiencies while also being sized for 
future growth. 

The numerous transmission main and watermain upgrades reviewed and chosen will address the vast 
majority of the District’s fire flow deficiencies and have been included in the District’s Capital Projects 
List. 

There are five categories considered for water infrastructure Capital Projects List: 

 Capital Projects List Upgrades – these are projects which would resolve existing pressure and 
fire flow deficiencies in the District’s water system and are chosen mainly due to the large number 
of deficiencies they resolve. Two reservoir upgrades are also included to provide for adequate 



 District of Squamish - Water Master Plan iii 
 

D-03666.00  |  September 11, 2015 Opus DaytonKnight Consultants Ltd 
 

volumes of water during a fire coincident to maximum day demand. The total estimated cost of 
these upgrades is $7.5 million. 
 

 Other Capital Projects – these are projects which the District has carried over from previous 
condition assessment studies, asset management plan recommendations, capital plan reports, and 
the DCC bylaw. These upgrades also improve the system reliability through replacement of aging 
water infrastructure such as PRVs in the District’s water system. The total estimated cost of these 
upgrades is $3.61 million. 

 
 Long Term Source Development Strategy Costs – these are costs identified for the 

installation of an additional well at the Powerhouse Springs well field. The total estimated cost is 
$0.65 million. 

 
 Water Meter Implementation Strategy Costs – these are costs identified for the 

administration, installation, operation, and maintenance of District-owned water meters in the 
water network. Costs for the implementation of water meters for every multi-family and ICI 
property in the District is estimated. The total estimated cost of these upgrades is $3.7 million. 

 
 AC Watermain Renewal Program – A strategic replacement strategy for AC watermains 

based on a risk and condition based approach to criticality has identified certain AC watermains as 
“Very High Risk” watermain assets requiring immediate replacement, and “Medium” and “Low” 
watermain assets whose replacements can be deferred through a strategic program. The complete 
replacement of the District’s AC watermains over the next 17 years has been included in the Capital 
Projects List. The total estimated cost of these upgrades is $22.8 million. 

In summary, the estimated total cost of upgrades recommended for the Water Master Plan is 
$38,260,000. This includes allowances of 15% for Contingency and 15% for Engineering. The projects 
selected in this Water Master Plan will eliminate the majority of the supply, pumping, transmission 
and distribution (pressure and fire flow) concerns in the foreseeable future.  

Auxiliary Studies 

Concurrent to the development of the District’s Water Master Plan, several auxiliary studies have also 
been completed during the course of this assignment. These studies do not contribute to the Capital 
Projects List but ensure the continued long term sustainable operation of the water utility. These 
studies include: 

 Water Conservation Plan – the Water Conservation Plan builds on the District’s water 
conservation experience to set out a course of action for the next 17 years that will allow the 
District’s water utility to influence system demands in order to meet a water conservation goal. An 
attainable target of a 15% reduction in per capita water demand (ADD and MDD) to 2031 was 
selected. This target is supported through the ICI and Multi-Family (MF) customer metering 
strategy currently proposed and is also in line with the District’s goals. The plan recommends the 
implementation of seven Water Conservation Programs selected in consultation with District staff. 
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These programs will lay the foundation for the District to meet its water conservation target. The 
reasoning for their selection is captured in the WCP document. 

 Long-Term Financial Model - a long-term financial plan was developed to estimate the 
revenue required to sufficiently fund the total estimated costs of the water utility; operations, 
maintenance, and inspection programs; administration; the Capital Projects List; the rehabilitation 
and replacement of existing infrastructure, and build reserves. Our review found that revenues 
need to increase to support the recommended conservation programs, the Capital Projects List, 
and contributions to reserves. 

Details of these studies have been incorporated into this Water Master Plan. 
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1 Introduction 

The District of Squamish (Squamish) retained Opus DaytonKnight Consultants Ltd. (Opus 
DaytonKnight) to update Squamish’s Water Master Plan. The update and subsequent analysis of 
Squamish’s hydraulic water model was carried out to develop the improvement projects and servicing 
strategies identified in this report. 

A technical assessment of the hydraulic infrastructure was undertaken by Opus DaytonKnight to 
determine the condition of the existing supply network and recommend improvements to address 
current deficiencies and meet future growth projections. A long-term improvement plan has been 
prepared to provide water service infrastructure to service growth and redevelopment envisaged by 
Squamish’s Official Community Plan (OCP) and to provide for improvement of fire protection in the 
District. 

The updated hydraulic model provides a tool for the analysis of Squamish’s water system in order to: 

 Assess the existing hydraulic performance and current operational settings. Thus, determining the 
necessary short and/or medium term improvements required in the system; 

 Assess the existing system’s ability in coping with Squamish’s future projected water demands 
through population growth. Thus, determining the necessary long term improvements and 
upgrade works necessary to serve the projected growth. 

This report covers the District of Squamish’s existing water supply sources, storage reservoirs and 
transmission and distribution network. 

1.1 Scope of Work 

The terms of reference prepared by the District of Squamish identified the key study issues to be 
addressed.  The following summarizes the scope of work undertaken for the Water Master Plan: 

 Gather and review all existing information related to the water supply, such as studies, reports, 
drawings, water quality data, operational data, etc. from the District; 

 Meet with District operations staff to obtain and compile all relevant operational data; 
 Obtain historical data on average day, maximum day and peak hour demands; 
 Assess the influence of the existing population and future growth in the water model; 
 Establish distribution system and reservoir capacity design criteria requirements; 
 Analyse existing and future water system deficiencies and propose recommendations for system 

improvements to address each deficiency; and, 
 Prepare cost estimates and schedule for proposed upgrades. 
 Additional Work: AC Watermain Criticality Assessment 
 Additional Work: Model Calibration for the Downtown Core 
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1.2 Data Collection and Information Review 

Historical data, water system information and previous studies that have been reviewed during 
development of this report include, but are not limited to: 

 2012-2014 District of Squamish SCADA water demand records 
 2012 Water System Asset Management Five-Year Capital Plan (KWL 2012) 
 2011 District of Squamish Public Works Asset Management Plan (KWL 2011) 
 2031 District Wide Multi-Modal Transportation Study (Opus 2011) 
 2009 District of Squamish Official Community Plan (including all Schedules) 
 1999 District of Squamish Update of Water Capital Plan (KWL 1999) 
 All recent shapefiles (received May 9, 2014) from the GIS department 
 Operational information on the District’s Reservoirs, Pump Stations and PRVs 

1.3 Acknowledgements 

Opus DaytonKnight acknowledges the support and cooperation of the District of Squamish and 
extends its appreciation to David Roulston, P.Eng., Municipal Engineer, Bob Smith, A.Sc.T., Director 
of Operations, Jim McKerr, Utilities Supervisor, Joanne Greenlees, CPA, CGA, General Manager – 
Financial Services, and Marcia Collier, Manager of Financial Operations, for their assistance to the 
project team at Opus DaytonKnight in preparing the report. 

The model development, analysis and report was prepared by Clive Leung, P.Eng., Catherine Dallaire, 
P.Eng, and Peter Hutchins, EIT, for Opus DaytonKnight with supervision and direction from Gurjit 
Sangha, P.Eng. 

1.4 Abbreviations 

ADD Average Day Demand 
BC British Columbia 
FUS Fire Underwriters Survey 
GIS Geographic Information System 
HGL Hydraulic Grade Line 
ICI Industrial/Commercial/Institutional 
kPa kilopascal 
L/c/d Litres per capita per day 
L/s Litres per second 
MDD Maximum Day Demand 
ML Million Litres 
ML/d Million Litres per Day 
OCP Official Community Plan 
PHD Peak Hour Demand 
PRV Pressure Reducing Valve 
psi pounds per square inch 
WTP Water Treatment Plant  
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2 Existing Water System 

This section provides an overview and general description of the existing water system in the District 
of Squamish. 

2.1 System Overview 

The District of Squamish water system consists of 14 pressure zones, 7 storage reservoirs, and includes 
over 130 km of watermain.  The District is supplied through seven pumps at the Powerhouse Springs 
groundwater source (Ring Creek Aquifer). Two surface water source intakes at Stawamus River and 
Mashiter Creek have been taken out of normal operation in recent years, but are able to provide 
emergency and backup water supply to the District of Squamish if needed.  

The District currently serves over 18,000 people on its water system and provides over 3.8 million 
cubic metres of potable water for consumption per year. Table 2-1 and Figure 2-1 illustrate the 
system’s components as of 2015. 

Table 2-1 Water System Summary 
Water System Component Quantity 

Pressure Zones 14 

Supply Sources 3 

Storage reservoirs 7 

Pump Stations 3 

Pressure Reducing Valves 19 

Length of watermains (km) 130 

Service connections 4,127 

Fire Hydrants (Owned by District) 647 

A hydraulic schematic of the water system was produced and is illustrated in Figure 2-2. 
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2.2 Water Supply and Treatment 

The District of Squamish receives raw groundwater from seven pumps at the Powerhouse Springs well 
site located approximately 5 km east of the Squamish Town Centre.  The raw water is treated with 
liquid sodium hypochlorite. 

In addition to the Powerhouse Springs well site and pumping system, the District also has two surface 
water intakes at Mashiter Creek and Stawamus River, respectively.  Currently, in periods of high 
demand, the surface water sources can support the main Powerhouse Springs supply, though this 
often requires the District to issue a water quality advisory/boil water advisory as these surface water 
sources are only treated by chlorination. As such, these water sources currently act as 
backup/emergency water supplies and are only used by the District when the Powerhouse Springs well 
pumps are unable to keep up with system demand.   

Table 2-2 summarizes the well capacities at Powerhouse Springs.  

Table 2-2 Existing Wells at Powerhouse Springs 

Well 
ID 

Year 
Commissioned 

Estimated Pump 
Capacity (L/s) 

Estimated 
Sustainable 
Yield (L/s) 

Most Recent 
Rehabilitation 

Current 
Efficiency a 

PW-1 2002 60 44 2005 52% 

PW-2 2002 61 50 2005 29% 

PW-3 2002 25 23 2013 41% 

PW-4 2005 33 31 - 44% 

PW-5 2008 27 35 - 59% 

PW-6 2008 47 56 2013 84% 

PW-7 2008 109 83 2013 96% 

Total 322  
Notes: 

a) Efficiency shown as percentage of original specific capacity 

The total estimated sustainable yield of the seven (7) pumps at the wells is 322 L/s, though the 
practical output due to increased system pressures during simultaneous well operation is effectively 
250 L/s (Piteau 2014). The District also holds a Project Approval Certificate, granted in 1998 under the 
Environmental Assessment Act, that allows for a combined instantaneous withdrawal of up to 255 L/s 
from the well field (based on a maximum of three (3) wells operating at any time, each withdrawing 85 
L/s). 

The District has two water licenses to withdraw water from Mashiter Creek and Stawamus River. The 
licenses allow for a total withdrawal of 316 L/s (Mashiter = 184 L/s and Stawamus = 132 L/s). The 
District holds these licenses as, prior to the development of the Powerhouse Springs Well sites from 
1999 to 2007, the Mashiter Creek and Stawamus River intakes were the main supplies of potable water 
to the District.  
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Table 2-3 summarizes the capacities of each potable water source in the District. 

Table 2-3 Existing Supply Sources 

Source Abstraction 
Limit (Mgpd) 

Abstraction 
Limit (L/s) 

Powerhouse Springs Wells a 5.82 255 

Mashiter Creek b 4.20 184 

Stawamus Creek b 3.01 132 
Notes: 

a) the District has an Environmental Assessment certificate for abstraction of up to 255 L/s at Powerhouse Springs 
b) the listed Maximum Daily Diversion Volume from each source as noted by the BC Water License held by the District 

2.3 Pump Stations 

There are three pump stations in the District of Squamish. The stations and the number of pumps in 
each station are listed in Table 2-4. 

Table 2-4 Existing Pump Stations 

Model ID Pump 
Station Type # of 

Pumps Zone Supplied 

5285/5286/5287 University PS 3 244m University 

2428/2429 Boulevard PS 2 241m Thunderbird 

6149/6156 
Crumpit 
Woods PS 2 173m Crumpit Woods 

2.4 Pressure Reducing Stations 

There are 19 pressure reducing (PRV) stations in the District of Squamish. Elevations of the pressure 
reducing stations and their valve settings are summarized in Table 2-5.  Where two valves are present, 
the lag valve has been modelled. 

Table 2-5 Existing PRV Stations 

Model ID PRV Station Elev 
(m) 

Valve Dia. 
(mm) 

D/S 
Pressure 

Setting (psi) 

D/S HGL 
Setting 

(m) 
Zone Supplied 

2480 Perth 126.5 50 and 100 70/60 176/169 160m Garibaldi 

2482 Thunderbird 119.2 38 and 150 65/55 165/158 160m Garibaldi 

2483 Lomond Way 97.2 38 and 150 50/47 132/130 132m Kintyre 

5307 Quest 139.5 100 and 150 70/64 189/185 192m Quest 

2516 Ayr Drive PSV 31.0 150 50 (upstream) 66 104m Alice Lake 

11064 Kingswood 9.0 75 and 150 85/80 69/65 78m Brackendale 

5402 Dryden 11.0 50 80 67 78m Brackendale 

2486 Depot 24.8 50 and 150 70/65 74/71 78m Brackendale 
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Model ID PRV Station Elev 
(m) 

Valve Dia. 
(mm) 

D/S 
Pressure 

Setting (psi) 

D/S HGL 
Setting 

(m) 
Zone Supplied 

2494 Tantalus 9.0 100 and 200 80 65 59m Squamish River 

2469/2470 Carson 3.1 4” and 8” 91/86 67/64 59m Squamish River 

2471/2499 Loggers Lane 3.0 4” and 6” 90/87 66/64 59m Squamish River 

2478/2479 
Stawamus/Pow
erhouse Mixing 
Tank 

101.3 300 and 300 28 and 12 121 and 110 120m Stawamus 

2477/11072 Westway 57.0 75 and 100 53/50 94/92 97m Westway 

10668/11075 Maple 32.3 75 and 150 91/84 96/92 97m Westway  

10992/11002 NorthRidge 56.5 75 and 200 70/65 106/102 99m Hospital Hill 

2475/11086 Clarke 29.0 50 and 150 56/52 68/66 68m Clarke 

10716/10719 Scott Crescent 7.0 100 and 250 92/89 72/70 68m Clarke 

11096 Crumpit Woods 75.0 150 60 117 120m Stawamus 

n/a University 127.5 100 n/a n/a 120m Stawamus 

The University PRV is currently being installed in 2015 but is not yet online as of finalization of this 
report. 

Opus DK staff have estimated pressure settings based on information from the District’s existing water 
model, data sheets provided by Squamish and various e-mail communications with District staff. 

2.5 Storage Reservoirs 

There are seven active storage reservoirs in the District of Squamish. Table 2-6 summarizes the storage 
reservoirs including the isolated Brackendale Reservoir.  

Table 2-6 Existing Storage Reservoirs 

Model ID Reservoir Top Water 
Level (m) 

Storage 
Volume (ML) Zone Supplied 

2411 Thunderbird 240.8 1.63 241m Thunderbird 

2424 Lower University 134.6 0.23 Powerhouse Springs pumped area 

5283 University 244.4 2.04 244m University 

2409 Boulevard 112.8 1.09 113m Boulevard 

2413 Alice Lake 103.6 4.13 104m Alice Lake 

2410 Plateau 97.95 4.54 99m Hospital Hill 

2412 Brackendale - - Abandoned 

6138 Crumpit Woods 173 0.80 173m Crumpit Woods 
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2.6 Distribution System 

The distribution system for Squamish consists of over 130 kilometres of watermain supplying over 
18,000 residents, in addition to industrial, commercial, and institutional uses. The distribution pipes 
range in diameter from 100 mm to 500 mm and were installed between 1959 and 2014. A summary of 
the existing pipe diameters and approximate total lengths are listed in Table 2-7, which is based on the 
GIS database information provided by the District. 

Table 2-7 Existing Watermains 

Diameter (mm) Total Length 
(m) 

50 780 

75 141 

100 1,598 

150 55,420 

200 23,383 

250 8,524 

300 25,626 

350 1,240 

400 2,905 

450 2,484 

500 4,968 

TOTAL 130,267 
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3 Model Updates 

A copy of the District’s WaterCAD model was received at the beginning of this assignment.  Opus DK 
was tasked to update the model with current field information for recent construction and operational 
changes in the water system since the last model update. Opus DK also reviewed the model for data 
gaps, and performed additional system and demand updates to ensure the model would be readily 
used for system analysis required under the Water Master Plan. 

3.1 Infrastructure Updates 

Newly constructed watermains were identified and added to the water model through GIS information 
provided by the District, and record drawings of recently constructed subdivisions within Squamish. 
The following updates have been carried out to match the District’s water model to the configuration of 
the current water system: 

 Recent watermain construction projects along Judd Road, Skyline Drive, Cheakamus Place, Maple 
Drive, Westway Avenue, Clarke Drive and Scott Crescent; 

 Updates to existing PRV stations, notably the Maple, Clarke Drive, Kingswood, and Scott Crescent 
PRVs; 

 Amalgamation of the Westway Zones to one zone; 
 Newly constructed reservoir, pump station, watermains and corresponding demands, were added 

for the Crumpit Woods and Riverstones developments; 
 Updates to change the Pressure Sustaining Valves to Pressure Reducing Valves at the Tantalus and 

Ayr Drive Control stations; and, 
 PRV setpoints for each PRV station in the District were updated. 

3.2 Model Updates identified by District Staff 

A video conference was held with District Operations staff on December 5th, 2014 to review the state 
of the updated water model and provide comments to improve the overall accuracy of the modelled 
water network. Locations of closed valves and areas of concern from previous modelling experience 
were reviewed. 

The following table lists those discrepancies identified by Operations staff and the associated changes 
which have been made/not made to the model. 

Table 3-1 Model Updates 
Discrepancy Noted Updates Made 

PRV and watermain updates at Clarke Drive and 
Guilford Drive. 

 Drawings received and updates made for the 
PRV.  

 Watermain updates have not been received. 

Existing watermains in the IR24 area are not in the 
model.  Information has not been received.  
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Discrepancy Noted Updates Made 

There is a closed valve at the intersection of Axen & 
Government Road.  This was already in the model. 

Closed valve on Government Road separating 
Brackendale Zone and Squamish River zone is 
much further south than noted in the model. 

 Model updated. 

Closed valve on Skyline Drive is further west than 
shown in the model.  Model updated. 

There is a potential watermain loop in the 
University Zone. Operations staff had noted valve 
boxes in the roadway and were to check if the 
watermain was actually installed. 

 Information has not been received.  

Tantalus Pressure Sustaining Valve is a Pressure 
Reducing Valve. 

 This has since been reconfirmed as a Pressure 
Reducing Valve and a new downstream setting of 
80 psi has been updated in the water model. 

The watermains at the eastern end of Mamquam 
Road adjacent to the Municipal Golf Course Club 
House is a 150mm and a 50mm watermain. 

 Model updated. 

The valve connecting the watermains on 
Northridge Drive immediately west of the Plateau 
reservoir is closed rather than a check valve 

 Model updated. 

There is a 150mm watermain missing which 
connects Brennan Road to Lawson Road on the 
west end of Judd Road. 

 Model updated. 

There are new watermains through a new 
subdivision development at the north end of 
Tantalus Road and on Rockridge Place. 

 Information has not been received. 

There is a closed valve at the end of Harris Road 
separating the watermains across the Sea-to-Sky 
Highway. The watermain on Harris Road east of 
the Highway is a 25mm PVC main. 

 The 25mm PVC main is not modelled in the 
water network as it is too small to be modelled. 

The watermain loop along Depot Road West, 
Bracken Road, and Park Way is not looped and 
there is a closed valve somewhere along this line. 
Operations staff to check. 

 Opus DK will keep this section looped, as it 
indicates that the ideal operation of this network is 
to allow the loop to be completed in this area. 

There is a 50mm watermain south of Judd Road on 
Rae Road.  Model updated. 

The 200mm loop in the industrial area of the 
Squamish River zone connects midway along 
Queens Way between Pioneer Street and 
Commercial Way rather than at Commercial Way. 
Record drawings to be provided. 

 Information has not been received. However, the 
model was updated based on conversations. 

Other minor watermain projects which operations 
staff know about  Information has not been received. 
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3.3 Model Review Updates 

In addition to the updates identified above, Opus DK provided further updates to the District’s water 
model to ensure it provided additional information useful for the District going forward. Additional 
updates which were provided include: 

 Opus DK provided a complete update of the watermain installation years for each of the 2,019 
pipes in the water model. This exercise allows the District to easily understand the water model 
and age of pipes within its system going forward; 

 C-factors were updated for watermains based on material type, year of installation, and diameter 
for each of the 2,019 pipes in the water model. This exercise provides the District with a range of C-
factors typically encountered in water systems and is based on recent calibration exercise 
performed by Opus DK. The updated model was run through previous and new (see Section 5) 
calibration tests and helped to improve the overall model accuracy. Section 5 details the C-factors 
applied and the calibration process to ensure the model had improved replication of system 
characteristics. 

 Opus DK carried out a review of the demands in the District’s existing water model and determined 
that significant improvements could be made in terms of the categorization and allocation of 
demands in the model. This exercise included creating new categories to allocate demands and a 
re-distribution of demands in the system. The original model was set up with three demands 
including residential, ICI, and leakage. Leakage was illustrated as a major component in the 
previous model at close to 33%. However, as recent inspection and maintenance activities have 
found leakage to be much lower than initially estimated at a more typical rate for the purposes of 
hydraulic modelling.  

 Section 4 of this Master Plan illustrates Opus DK’s approach to updating the District’s modelled 
water demand estimates, which is a significant added-value to this project. The updated model 
establishes five categories for demand, namely, Single Family, Multi-Family, Institutional, 
Commercial, and Industrial demands. The leakage component of 10-15% has been included within 
each of the five demand categories to take advantage of modelling efficiencies.  
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4 Water Demand 

This section primarily focuses on the methodology of deriving the existing water demand and the 
anticipated short term and long term demand associated with population growth and future ICI 
development in the District of Squamish. 

4.1 Population 

4.1.1 Current Population 

Population data was available from various sources, which included a 2011 estimate from Census 
Canada and a 2013 population estimate from BC Stats. Table 3-1 illustrates population estimates from 
Census Canada for the last four Census counts for the District of Squamish. The population counts 
confirm that Squamish has experienced a large amount of growth between the last two national 
census’, with an average annual growth rate of approximately 2.8% from between 2006 and 2011.   

Table 4-1 District of Squamish Census Population Estimates 
Census 

Year Population Annual Growth 
Rate (%) 

1996 13,994 - 

2001 14,248 +0.4% 

2006 14,949 +1.0% 

2011 17,674 +2.8% 
 
According to recent BC Stats data, the 2013 population of the District of Squamish was approximately 
18,319 people, which indicates a slightly lower average annual growth rate in the last 2 years when 
compared with Census estimates. However, the District does anticipate that the high rate of growth is 
expected to persist over the coming years and provided a population estimate of roughly 31,000 
persons by the year 2031. Opus DK has interpolated this expected growth to develop an estimate for a 
2014 population of 19,053, which represents a 3.1% growth rate from the 2013 BC Stats population.  

A 2014 residential population of 19,053 has been used to reflect the current population connected to 
the utility in the District’s water model. 

Major ICI water users in the District include a brewery, the hospital, Squamish Terminals, the 
municipal pool, and a wastewater treatment plant. However, since not all ICI customers are metered, 
an alternate methodology was used to characterize the ICI demand for the District. Equivalent 
population estimates for existing ICI customers were derived from the 2031 District Wide Multi-Modal 
Transportation Study completed in 2011. The data retrieved from this study included ICI population 
equivalent estimates for the entire District, including areas beyond the water utility. Opus DK 
separated ICI population estimates specifically for the area covered by the water utility, and the total 
ICI equivalent population estimate for the District totalled 8,794 persons. A 2014 ICI equivalent 
population of 8,794 was used in the District’s water model. 
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4.1.2 Projected Population 

Working with the District’s GIS outputs from its District Wide Multi-Model Transportation Study, 
Opus DK selected the 71 Traffic Area Zones (TAZs) developed for the project which provided 
population estimates for the areas covered by the water utility.  

An estimated residential population of 31,525 was estimated for the District in the year 2031. This 
matches closely with the 31,000 resident estimate provided by the District at the beginning of the 
assignment. 

Equivalent population estimates for future ICI customers also derived from the Study totalled 12,598 
equivalent persons. 

A rough estimate of population equivalents by TAZ area for residential and ICI customers is shown in 
Figure 4-1 and Figure 4-2. 

4.1.3 Population and Demand Allocation 

The residential and ICI equivalent population estimates provided in each of the District’s 71 TAZs were 
useful in carrying out demand allocations into the District’s water model.  

The equivalent population estimates for each TAZ were manipulated and divided evenly across model 
nodes within each TAZ. These model nodes were then loaded into the existing model to develop the 
allocation of existing and future residential and ICI populations in the District of Squamish. 

Further, a segregation of residential population into single family and multi-family populations, and a 
segregation of ICI equivalent populations into Institutional, Commercial, and Industrial populations 
was required. This was achieved through cross-referencing the TAZ areas with land use zoning areas to 
determine the proportion of the populations within each TAZ which would be allocated to their 
specific land use.  

Once the population allocation was completed in GIS, demands were added to each model node based 
on demand estimates per land use type as detailed in Section 4.2 below. 

A rough estimate of nodal demands by land use type for existing and future allocations is shown in a 
set of 10 figures in Appendix B. 
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4.2 Existing Demands 

Flow meter data from the District’s Powerhouse Springs water source was collected and analyzed from 
2012 to 2014. Paper records prior to 2012 were available and provided historical average day, 
maximum day and peak hour demands for the District.  Demands were developed from these records 
and calculated values were used to update the existing condition demands in District’s hydraulic water 
model.    

4.2.1 Average Day Demand 

The Average Day Demand (ADD) is the average demand in a year regardless of season. The value is 
useful in analyzing historic demands and patterns and in estimating future demands. The future ADD 
is important in determining the average supply requirements for the water system. 

An ADD of 123.9 L/s is calculated for the District of Squamish from the 2014 pump records.  This 
equates to an ADD per capita rate of 564 L/c/d.  Table 4-2 summarizes the average day demand in the 
last three years. 

Table 4-2 Average Day Demands 
 ADD (L/s) ADD (L/c/d) 

2012 122.1 582 
2013 122.2 620 
2014 123.9 564 

4.2.1.1 Residential Demands 

While the allocation of single family and multi-family residential populations has been completed as 
described in Section 4.1.3, the District has no metered residential connections in its system, making 
the allocation for single family and multi-family demands very difficult to estimate from the overall 
ADD estimate calculated above. 

Using an estimate for residential ADD per capita demand of 350 L/c/d, the estimated total residential 
ADD in the District of Squamish is calculated at 77.2 L/s. This residential ADD value includes leakage. 

Further, Opus DK notes that the 2011 Census Data reports that roughly 49.5% of private households in 
Squamish lived in single-detached (single family) homes. As these detached homes are both expected 
to have a higher population per household and have higher water usage profiles than those of semi-
detached homes and apartments (multi-family), an estimate of 60% of total residential water usage 
was assigned to come from single family homes. 

The average day demand was calculated at 46.3 L/s for single family residential customers and 
30.9 L/s for multi-family residential customers. 
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4.2.1.2 ICI Demands 

Similarly for ICI connections, the ICI connections within the District are not fully metered, making the 
allocation for Institutional, Commercial, and Industrial demands very difficult from the ADD estimate 
above. 

The total ICI demand in the District was estimated at 46.7 L/s. This was calculated by subtracting the 
overall ADD of 123.9 L/s by the residential demand estimate of 77.2 L/s.  

Allocations to each of the Institutional, Commercial, and Industrial land uses was then determined 
through geographic referencing processes in ArcGIS including cross-referencing the population 
estimates in the 71 TAZ areas with land use zoning areas to determine the proportion of the 
populations within each TAZ which would be allocated to each of the three ICI land uses. 

Through these data manipulation processes, the average day demand was calculated at11.6 L/s for 
institutional customers, 16.2 L/s for commercial customers and 18.9 L/s for industrial 
customers. 

4.2.2 Maximum Day Demand 

The Maximum Day Demand (MDD) gives an estimation of the maximum water usage per capita for 
one day (presumably the hottest summer day) in a year.  It is used for sizing the District’s reservoir 
storage capacities, water supply, distribution system pumping capacities and transmission mains.  

An MDD of 187.6 L/s is calculated for the District of Squamish from the 2014 pump records.  This 
equates to an MDD per capita rate of 851 L/c/d.  Table 4-3 summarizes the maximum day demand and 
the date of the demand in the last three years. 

Table 4-3 Maximum Day Demands 
 MDD (L/s) MDD (L/c/d) Date 

2012 191.1 911 August 17 
2013 186.2 878 August 5 
2014 187.6 851 July 14 

4.2.3 Peak Hour Demand 

The Peak Hour Demand (PHD) is an estimation of the maximum water usage of the system in an hour 
during a day in a certain year. The peak hour demand usually occurs on or around the day when MDD 
occurs. The PHD is recorded through water usage from the source, as well as balancing storage in the 
system reservoirs. In the absence of reservoirs, the supply must meet this demand.   

The recorded well pumping records as well as hourly reservoir levels across the system across three 
days surrounding August 5th, 2013 were used to calculate the peak hour demand.  The analysis carried 
out to determine the peak hour demand in the District is attached in Appendix C.  

The peak hour demand calculated for the District of Squamish is 224 L/s and was calculated at 5pm on 
August 6th, 2013. 
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4.3 Future Demands 

Opus DK worked with the District’s planning department, schedules from the Official Community 
Plan, and TAZ estimates from the District’s Transportation study to determine the future residential 
and ICI population equivalents in the District of Squamish.  

Table 4-4 provides a summary of the additional ADD arising from the increase in future residential 
and ICI population equivalents. The future ADD developed here forms the basis for demand loading in 
the future analysis scenarios of the District’s water model. 

Table 4-4 Existing and Future Average Day Demand 

 
Additional 
Residential 
Population 

Total 
Population 

Additional 
Residential 
ADD (L/s) 

Additional 
ICI ADD 

(L/s) 

Total ADD 
(L/s) 

Existing (2014) - 19,053 - - 123.9 
Future (2031) +12,472 31,525 +50.5 +20.2 194.6 

4.4 Peaking Factors and Demands 

Opus DK summarizes the existing demands for the District to determine the peaking factors for 
different system demand components. Typical peaking factors selected for ICI are 1.1 (for MDD) and 
1.5 (for PHD).   

Based on the tables below, the peaking factors for residential properties in the District ranges from 1.5 
to 1.9 for maximum day demand and 2.0 for peak hour demand. Since most future population growth 
will be concentrated as residential demand, it is important to develop an understanding of the 
residential peaking factors for each of the water systems modeled in this assignment. 

Table 4-5 provides a summary of the average day, maximum day, and peak hour demands under the 
existing 2014 scenario.  These demands form the basis for demand loading in the District’s water 
model. 

Table 4-5 Existing Demand Distribution 
Land Use ADD MDD PHD MDD/ADD PHD/ADD 

Single Family 46.3 89.9 92.5 1.9 2.0 
Multi-Family 30.9 46.3 61.5 1.5 2.0 
Institutional 11.6 12.8 17.5 1.1 1.5 
Commercial 16.2 17.8 24.2 1.1 1.5 

Industrial 18.9 20.8 28.4 1.1 1.5 
Total 123.9 187.6 224.3 1.5 1.8 
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Future per capita water usage is estimated to stay constant for the purposes of the hydraulic analysis 
and report. Opus DK notes that water conservation will have little impact on deferral of current capital 
projects as many projects are already required under existing conditions with minimal increased 
requirements due to future demands. 

Table 4-6 provides a summary of the average day, maximum day, and peak hour demands under the 
future 2031 scenario. These demands have been included in the District’s updated water model. 

Table 4-6 Future Demand Distribution 
Land Use ADD MDD PHD MDD/ADD PHD/ADD 

Single Family 76.6 148.9 153.1 1.9 2.0 
Multi-Family 51.1 76.7 102.2 1.5 2.0 
Institutional 16.7 18.3 25.0 1.1 1.5 
Commercial 23.1 25.5 34.7 1.1 1.5 

Industrial 27.1 29.8 40.7 1.1 1.5 
Total 194.6 299.2 355.6 1.5 1.8 

4.5 Demand by Zone 

The Maximum Day Demand (MDD) provides an estimate of the maximum water usage per capita for 
one day (presumably the hottest summer day) in a year.  The MDD is typically used for sizing reservoir 
storage capacities, pumping capacities, and transmission mains.  

The existing water model was used to determine the MDD in each pressure zone. The two scenarios 
used to develop this information were the “2014 MDD” and “2031 MDD” scenarios, which represent 
the total MDD values of 16.2 MLD and 25.8 MLD, respectively.  

Table 4-7 summarizes the maximum day demand at each pressure zone for the existing (2014) and 
future (2031) demands.  

Table 4-7 Maximum Day Demand by Zone 

Pressure Zone Operating 
HGL (m) 

Existing 
MDD (2014) 

Future MDD 
(2031) 

241m Thunderbird 241 3.6 7.5 
160m Garibaldi 160 12.1 20.6 
132m Kintyre 132 2.4 4.4 
244m University 244 4.4 8.0 
192m Quest 192 0.0 2.1 
113m Boulevard 113 4.0 5.4 
104m Alice Lake 104 8.8 13.1 
78m Brackendale 78 24.3 39.8 
59m Squamish River 59 97.8 150.0 
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Pressure Zone Operating 
HGL (m) 

Existing 
MDD (2014) 

Future MDD 
(2031) 

120m Stawamus 120 3.3 4.9 
97m Westway 97 20.2 37.3 
99m Hospital Hill + IR24 99 1.6 1.8 
68m Clarke 68 5.1 1.7 
173m Crumpit Woods 173 0.0 2.6 

Total 
187.6 

(16.2 MLD) 
299.2 

(25.8 MLD) 

4.6 Demand Summary 

Demands summarized in this chapter will be used to assess the water system’s ability to meet the level 
of service required to adequately service its growing population.  These demands form an integral part 
of the model update process in order to provide an accurate assessment of the existing and long range 
planning infrastructure requirements for the water utility. 
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5 Model Calibration 

Model calibration for the District’s water model was completed in 2011 for the majority of the model. 
Therefore, it was initially determined that model calibration would not be required for the Water 
Master Plan.  

The model calibration tests in 2011 were reviewed again based on the C-factor updates as noted in 
Section 4. The calibration was found to be slightly improved compared to previous calibration efforts 
from 2011. 

During the course of the Water Master Plan, the District has noted that during the 2011 calibration 
testing that there were locations where calibration was not ideal, namely in the Squamish River zone. 
Opus DK was therefore tasked to provide model calibration testing for Squamish’s Downtown Core. 
One hydrant flow test was conducted within the District of Squamish’s Downtown Core.   

5.1 Calibration Methodology 

The procedure used to collect data for model calibration was multi-pressure monitoring, and is 
outlined as follows: 

 Four high-resolution pressure loggers (± 0.2% of full scale) were installed on predetermined 
hydrants within the test zone and one was installed on the hydrant adjacent to the flow hydrant. 

 One 2.5-inch turbine flow meter (accuracy 0.5%) was installed on a predetermined flow hydrant 
port to achieve full hydrant flow, this was repeated three more times within each test set. 

 District crews monitored flow and supervised drainage and dechlorination. 
 Flow rates were recorded from an analog readout meter.  This flow is later used to simulate flow in 

the water model to calibrate the modelled system pressure changes to those recorded by the 
pressure loggers. 

 Pressure loggers were removed, stopped, and downloaded into a computer program.  From this 
recorded data, static and residual pressures were later retrieved. 

5.2 Calibration Parameters 

Recorded system demands were retrieved from the District’s SCADA system to determine the actual 
water usage during the days the hydrant flow tests were carried out. Table 5-1 summarizes the 
recorded demands and compares the values to the average day demand for the calibration scenario. 

Table 5-1 Recorded Daily Demands 
Flow Test Date Demand (L/s) Ratio To ADD 

January 7, 2015 102.0 82% 

As the tests were carried out in the Squamish River zone, records of reservoir levels were not required 
in order to estimate background levels during the testing.  However, PRV settings (settings at 
Tantalus, Carson, Logger’s Lane, and Scott Crescent PRVs) to the Squamish River zone were verified 
with the District during model calibration. 
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5.3 Field Calibration Results 

Typical C-factor values entered in Section 4 were further adjusted based on the calibration as a result 
of the hydrant flow testing. The updated C-factors were as follows: 

Table 5-2 Model C-Factors 
Material 1950-1970 1970-1990 1990-2014 > 300mm 

Asbestos Cement 70 80 - + 20 

Ductile Iron - 105 120 + 20 

HDPE - 110 130 - 

PVC 100 100 120 +20 

Steel 110 130 140 +10 
 
The hydrant testing configuration is included in Appendix D. Results of the hydrant testing and the 
calibrated values of the water model are summarized in Appendix E. The acceptable tolerance between 
field and computer predicted results are within 10% for pressures. 

5.4 Discussion 

All the test areas were found to have correlation during static and fire hydrant testing conditions.  0% 
(0/40) of the recorded pressures in the field during the hydrant testing program differed by more than 
10% from the model predicted values. This calibration provides us with confidence that the model is 
sufficiently calibrated for the purposes of system modelling and analysis.  
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6 Design Criteria 

The design criteria used to review the system’s minimum and maximum service pressures, maximum 
velocities, available fire flows and storage volumes is described under this section.   

6.1 Service Pressures 

Minimum service pressures are required to ensure an adequate flow and pressure of water at all 
serviced properties in the District of Squamish. There are, in most cases, two conditions in which 
systems should be designed for minimum service pressures. They are 1) the maximum day demand 
plus fire flow condition, and 2) the peak hour condition. Furthermore, maximum service pressures in 
the system also need to be regulated to prevent over-pressurizing of the system and subsequent breaks 
or increased leakage. 

Table 6-1 summarizes the range of service pressures under various demand conditions based off the 
District’s Subdivision and Development Control Bylaw No. 2373, 2015, which will be used in the 
hydraulic analysis. 

Table 6-1 Service Pressure Requirements 
During Average Day Maximum 123 psi (850 kPa)  

During Maximum Day 
Plus Fire Flow Minimum 22 psi (150 kPa)  

During Peak Hour Minimum 44 psi (300 kPa)  

The District of Squamish’s current bylaw mentions that subject to approval by the District Official, the 
maximum allowable pressure may be increased to 1035 kpa (150 psi) for systems with multiple 
pressure zones. Opus DK recommends that the 150 psi requirement be used for analysis. 

6.2 Maximum Velocity 

The recommended maximum acceptable velocity for flows in the water distribution system is 3.5 m/s 
during fire flow demand as stated in the 2014 MMCD Design Guideline Manual.  These high velocities 
can identify constrictions in the water system and introduce high head losses into the system.  Head 
loss is a large concern when attempting to supply adequate system pressures and fire flows to the 
extents of a distribution system. 

6.3 Fire Protection and Storage 

Water distribution systems must be able to deliver large volumes of water for fire protection in 
addition to normal water demands. Fire protection assumptions/considerations are: 

1. Only one fire will be fought at any one time; 
2. To ensure pumper trucks obtain adequate water supplies from hydrants, a minimum residual 

pressure (22 psi) on the street main is required during fires; and, 
3. Fire flow is coincident with peak day demand. 
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Table 6-2 shows the recommended minimum fire flow requirements for various land use areas and 
required fire flow durations for the District of Squamish.  Values for the minimum required fire flows 
and required durations are based on the several fire flow studies carried out in the District, the 2014 
MMCD Design Guideline Manual and the 1999 Fire Underwriters’ Survey report entitled “Water 
Supply for Public Fire Protection”.  

Table 6-2 Proposed Fire Flow Requirements 

Land Use 
Min. Required  

Fire Flow 
Req. Duration of 

Fire Flow 
(L/s) (usgpm) (Hours) 

Single Family Residential 60 950 1.5 

Multi-Family Residential 90 1,450 2.0 

Institutional 150 2,400 2.0 

Commercial 150 2,400 2.0 

Industrial 225 3,600 3.0 

The District’s current land use zoning map was used to assign fire flow requirements to each model 
node.  Required fire flows were chosen based on the land-use surrounding the nodes. For nodes that 
neighboured two different land uses, the land use with the higher fire flow requirement was assigned 
to the node. 

It was noted during the Water Master Plan exercise that the classification of RMH-2 in the District’s 
GIS contained an error indicating that it was categorized as “Residential Mobile Home Subdivision” 
rather than a “Residential Modular Home” as denoted in the District’s Zoning Bylaw. 

Further, P-3 land uses categorized as “Park, Recreational, and Institutional” zones were also reviewed 
to determine which P-3 lands had actual buildings on them which required fire flow protection. The 
two designated P-3 lands which were identified for fire protection included the Municipal Golf Course 
on 2458 Mamquam Road and the Brennan Park Arena on 1005, 1009 Centennial Way. 

6.4 Supply Storage 

Water storage reservoirs are located at specific elevations to establish pressure zones within the 
distribution system.  Typical design pressures within a zone vary from a minimum of 44 to 50 psi to a 
maximum of 123 to 150 psi.  During a fire event, minimum pressures are allowed to drop to 22 psi. 

Water storage is used to balance and optimize supply and delivery of water.  If properly sized, 
reservoirs will store water during low demand periods and supplement the source supply during peak 
hour demand.  Typically, reservoirs are designed to refill every day and to have adequate storage 
capacity to provide for balancing storage, which is estimated as 25% of maximum day demand, and 
fire storage based on the FUS recommended flow and duration listed in Table 6-2. Emergency storage 
is also required.  Storage volumes requirements are estimated based on the following formula: 
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Where: 

 A = Fire Storage (required extent and duration of fire flow as noted in the guidelines above) 
 B = Equalization Storage (25% of Maximum Day Demand serviced by the Reservoir) 
 C = Emergency Storage (25% of A + B) 

 
While extent and duration for fire flows are typically inferred for each land use through Table 6-2 
above, the District has requested an independent reviews of the validity of the minimum required fire 
flow for multi-family residences in its Downtown Core.  Through a review of multi-family fire flow 
requirements in other municipalities and sample fore flow calculations, a fire flow rate of 250 L/s will 
be for existing residences in Squamish applied in the required supply storage volume calculations for 
the Downtown Core. 

6.5 Other Criteria 

Other criteria from the District’s bylaw which were used for this report include: 

 Criteria 1.1.6.4 – In residential areas, water mains servicing fire hydrants must be 150mm 
diameter or larger 

 Criteria 1.1.6.5 – Water mains in commercial/industrial/institutional areas shall be designed to 
take into account anticipated demands and fire flows, and the minimum allowable size is 200mm 
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7 Hydraulic Analysis 

This section of the report covers the hydraulic analysis of the existing water system under the existing 
and future demand conditions.  The objective of the analysis is to assess the system’s performance with 
respect to compliance with the level of service outlined in Section 6 and to highlight existing 
deficiencies in the system and appropriate upgrading options for the short to long term. 

Analysis covered in this section includes a review of the capacity of the source supplies, an assessment 
of the available storage and pumping capacities, a review of the operation of the existing PRVs, and the 
available system pressures and fire flows in the distribution system.  

7.1 Source Supply Capacity 

In the District of Squamish, water is supplied primarily from the Powerhouse Springs well field.  The 
raw water is treated with liquid sodium hypochlorite.  The District also has two water licenses on two 
separate surface water sources which may be used in times of high demand.  

7.1.1 Existing Source Capacities 

Table 7-1 summarizes the capacities of the existing water sources. 

Table 7-1 Existing Water Sources 

Water Source Current Capacity 
(L/s) 

Potential Capacity 
(L/s) 

Existing 
(2014) 
MDD 
(L/s) 

Future 
(2031) 
MDD 
(L/s) 

Powerhouse Springs Well Site 250 a 760   

Mashiter Creek 184 b n/a   

Stawamus River 132 b n/a   

Total 566 > 790 187.6 299.2 
Notes: 

a) Estimated available discharge rate of spring-fed watercourses, as measured by flow gauging (Based on Piteau 
Associates’ 2014 Hydrogeological Assessment for the Well Protection Plan) 

b) The current water license limit owned by the District 
c) Based on Aquifer capacity per Hydrogeological Assessment from the District’s Well Protection Plan 

As noted in Section 2.2, the Mashiter and Stawamus River surface water sources are not normally 
utilized and have been used by the District only for redundancy/emergency purposes. Most notably, 
there are frequent turbidity events and low flow periods in these surface water sources during the peak 
summer demand periods, which further limits the actual withdrawal rate from these sources.  

This review illustrates that the current capacity of the Powerhouse Springs Well site is able to supply 
the existing MDD in the District of Squamish but unable to supply the District’s future MDD. Increases 
to the supply capacity of the District’s water utility are required and are reviewed in Opus DK’s Long 
Term Source Development Strategy review in Section 8.1. 
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7.1.2 Source Supply Recommendations 

A total future source capacity of 299.2 L/s is required in the distribution system in order to meet the 
demand requirements under the future 2031 MDD condition. As noted in Opus DK’s Long Term 
Source Development Strategy review completed and detailed in Section 8.1, upgrades to the 
Powerhouse Springs Well Site in the form of pumping and well capacity increases are recommended 
for the District of Squamish. 

The timing of the pump improvement has been calculated for when the maximum day demand in the 
water system exceeds 250 L/s. Based on the projected population increase at a rate of 3.1% to 2031, 
the maximum day demand is anticipated to exceed 250 L/s by 2024. As such, the pump upgrade is 
proposed for 2024. 

7.2 Storage Reservoirs 

This section provides an assessment into the existing storage capacities of the District’s reservoirs to 
determine if they meet existing and future storage requirements. The minimum fire storage required is 
governed by the highest fire demand required within the zone. The balancing, fire, and emergency 
storage volumes have been calculated based on the design criteria noted in Sections 6.3 and 6.4.  Only 
the District owned reservoirs were analyzed. 

Figure 7-1 illustrates the corresponding pressure zones in which the reservoirs will be assessed to 
deliver water for in the District of Squamish. 
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7.2.1 Existing Reservoir Contributions 

Table 7-2 summarizes the storage reservoir and volumes that may contribute to each pressure zone in 
the water system. 

Table 7-2 Existing Reservoir Contributions 

Reservoir 
Storage 
Volume 

(ML) 
Potential Zones Supplied a 

Existing 
(2014) 

MDD (L/s) 

Future 
(2031) 

MDD (L/s) 

Thunderbird 1.63 
241m Thunderbird, 160m 
Garibaldi, 132m Kintyre 18.2 32.5 

Lower University 0.23 
120m Stawamus, 99m Hospital 
Hill, 68m Clarke, 97m Westway 
+ IR 24 

30.1 45.6 

University 2.04 244m University, 192m Quest 4.4 10.1 

Boulevard 1.09 113m Boulevard 4.0 5.4 

Alice Lake 4.13 
104m Alice Lake, 78m 
Brackendale 33.1 52.9 

Plateau 4.54 59m Squamish River 97.8 150.0 

Brackendale (Isolated) - - - - 

Crumpit Woods 0.80 173m Crumpit Woods 0.0 2.6 

Totals 14.4  187.6 299.2 
Notes: 

a) For the purposes of this analysis, it has been assumed that the boosted zones can receive storage volumes from the 
referenced reservoirs during maximum day demands. It has also been assumed that there are no capacity 
restrictions (pumps, mains, etc.) as flows/volumes are transferred from one storage zone to another.  

While reservoirs are designed to meet the demands of the pressure zone it serves, reservoir volumes 
may cascade into lower pressure zones or be pumped into higher pressure zones to meet storage 
volume deficiencies during fire flow demand.  Those pressure zones without storage reservoirs require 
supply from adjacent zones to meet the fire flow demand.   

7.2.2 Storage Capacity Assessment  

As mentioned in Section 6.4, the fire storage component is based on the FUS recommended flow and 
duration listed in Table 6-2.  For all the system reservoirs under consideration, the land use chosen 
was based on the land use with the highest fire flow requirement under the pressure zones which are 
serviced by each reservoir. For example, the Lower University reservoir feeds the 120m Stawamus, 
99m Hospital Hill, 68m Clarke and 97m Westway zones, where an industrial connection occurs in the 
68m Clarke zone. Therefore the fire storage requirement assigned to the Lower University reservoir is 
based on an industrial fire flow of 225 L/s for 3 hours = 2.43 ML. However, specifically for the 
Downtown Core of Squamish, where large Multi-Family construction has been slated, a fire flow 
requirement of 250 L/s for 3 hours has been requested as fire storage by the District. This equates to a 
required fire storage volume of 2.70 ML. 
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Table 7-3 illustrates the components that contribute to the required storage and compares the total 
required storage to the existing available storage under the existing and future demand conditions. 

Table 7-3 Storage Capacity Analysis 

Reservoir 
A - Fire 
Storage 

(ML) 

B - 
Equalization 
Storage (ML) 

C-
Emergency 

Storage 
(ML) 

A+B+C 
Required 
Storage 

(ML) 

Available 
Storage 

(ML) 

Excess 
(ML) Deficient? 

Existing, 2014 (16.2 MLD) 
Thunderbird 1.08 0.39 0.37 1.84 1.63 -0.22 Yes 

Lower 
University 2.43 0.65 0.77 3.85 0.23 -3.62 Yes 

University 1.08 0.09 0.29 1.47 2.04 0.57 No 

Boulevard 1.08 0.09 0.29 1.46 1.09 -0.37 Yes 

Alice Lake 1.08 0.71 0.45 2.24 4.13 1.88 No 

Plateau 2.70 2.11 1.20 6.01 4.54 -1.48 Yes 

Crumpit Woods 0.32 0.00 0.08 0.41 0.80 0.39 No 

Future, 2031 (25.8 MLD) 
Thunderbird 1.08 0.70 0.45 2.23 1.63 -0.60 Yes 

Lower 
University 2.43 0.99 0.85 4.27 0.23 -4.04 Yes 

University 1.08 0.22 0.32 1.62 2.04 0.42 No 

Boulevard 1.08 0.12 0.30 1.50 1.09 -0.41 Yes 

Alice Lake 1.08 1.14 0.56 2.78 4.13 1.35 No 

Plateau 2.70 3.24 1.48 7.42 4.54 -2.88 Yes 

Crumpit Woods 0.32 0.06 0.10 0.48 0.80 0.32 No 

The above analysis shows that there are storage volume deficiencies in the pressures zones served by 
the Thunderbird, Lower University, Boulevard, and Plateau Reservoirs. However, the deficiency at the 
Boulevard Reservoir can be addressed by cascading remaining water (Available Storage minus 
Equalization Storage) from neighbouring zones.  

A summary of the remaining storage deficiencies (after consideration of cascading from adjacent 
zones) and corresponding storage volume improvements as recommended by Opus DK are listed 
below: 

 There is a storage deficiency at the Thunderbird Reservoir of 0.22 ML under existing conditions and 
0.60 ML under future conditions. Water cannot be cascaded from higher pressure zones to address 
this deficiency. 

» Construction of a new reservoir (0.60 ML) to service the Thunderbird or the Garibaldi pressure 
zone is suggested. 
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 There is a storage deficiency at the Lower University Reservoir of 3.62 ML under existing conditions 
and 4.04 ML under future conditions. While some water can be cascaded from the University and 
Crumpit Woods reservoirs to address the deficiencies, there is not enough volume (0.96 ML during 
existing and 0.74 ML during future analysis) to address this deficiency. A new reservoir is needed. 

» Construction of a new reservoir (3.31 ML) to service the 120m Stawamus, 99m Hospital Hill, 
97m Westway, and 68m Clarke Zone is suggested. 

 There is a storage deficiency at the Boulevard Reservoir of 0.37 ML under existing conditions and 
0.41 ML under future conditions. The District is currently able to address deficient fire flow volumes 
by cascading water through PRVs to utilize the excess storage volumes from the University 
Reservoir.  

 There is a storage deficiency at the Plateau Reservoir of 1.48 ML under existing conditions and 2.88 
ML under future conditions. While 1.88 ML is available to be cascaded from the Alice Lake reservoir 
to resolve the deficiency under current conditions, a future available volume of only 1.35 ML from 
Alice Lake is available to address this deficiency. The new reservoir to be constructed for the 120 m 
Stawamus zone (noted above) will have sufficient additional volume to cascade into the Squamish 
River zone when constructed.  Therefore no additional reservoir is required for the Squamish River 
zone. 

The construction of the two new reservoirs are all required to address storage deficiencies in the future 
analysis scenario. These reservoirs are identified as required primarily due to growth and should be 
funded in their entirety through Developer Cost Charges. 

7.2.3 Storage Reservoir Recommendations 

The required storage capacities should be developed in order to meet the storage requirements under 
the future (2031) MDD condition.  

Table 7-4 Storage Capacity Deficiencies 

Reservoir Existing (2014) 
Deficiency 

Sizing 
(ML) 

Future (2031) 
Deficiency 

Sizing 
(ML) 

Thunderbird  0.22  0.60 

Lower University  2.66  3.31 

Considerations which should be taken to determine the optimal location of reservoir storage in the 
distribution system may include: 

 Proximity to roads and powerlines, and existing residents  
 Property ownership 
 Availability of space for future expansion 
 Appropriate topography for construction 
 Maintaining/Providing pressures and fire flows 
 Influence on system hydraulics 
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 Seismic Considerations 

Upon review of the hydraulics of the water system, Opus DK recommends that the suggested 
additional potable water storage volume for Squamish be located within the distribution system rather 
than near the water sources. Opus DK recommends siting future reservoirs as close to 
industrial/commercial properties if possible/feasible, as large fire flow demands arising from 
industrial/commercial fires may influence the rest of the users of the system if the reservoir storage is 
located far from the fire demand. 

As part of our preliminary review, Opus DK recommends that storage be built in the following areas: 

 Improvement Project #1: 0.60 ML storage in the 241m Thunderbird or 160m Garibaldi zone; 
and 

 Improvement Project #2: 3.31 ML storage in the 120m Stawamus Zone. 

Pre-design studies should be carried out to determine the optimal pressures zones in which to locate 
the reservoirs, and the subsequent optimal siting for reservoir locations. In addition, a review of the 
corresponding pumping and transmission upgrades required at each potential siting location of the 
reservoirs should be completed.  A reservoir siting study has already been completed for the storage 
reservoir in the 120 m Stawamus zone mentioned above in 2013. 

7.3 Pump Stations 

This section provides an assessment on the existing capacities of the District’s pump stations to 
determine if they are able to service the maximum day demands within each of the District’s pressure 
zones under the existing (2014) and future (2031) scenarios.  Only the District owned pump stations 
were analyzed, privately owned pump stations were excluded from the analysis.  

7.3.1 Existing Pumping Capacity 

Design flows for all pumps were estimated based on the modeled pump curves. The design capacity of 
a pump station is the combined design flow of all the pumps minus the largest pump. Table 7-5 
summarizes the design capacity at each of the District’s pump stations. 

Table 7-5 Existing Pump Capacities 

Pump Station Pump ID 
Rated 

Capacity 
(L/s) 

Design 
Capacity 

(L/s) 

University 

University-1 21 

42 University-2 21 

University-3 21 

Boulevard 
Boulevard-1 40 

40 
Boulevard-2 40 

Crumpit Woods 
CrumpitWoods-1 5.1 

5.1 
CrumpitWoods-2 5.1 
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Pump stations are assessed based on their capability in meeting the maximum day demand of areas 
they service.  Since each pumped area has storage reservoirs, the peak hour demand will be met 
through the excess reservoir storage capacity and will not be required as part of the pump capacities. 

7.3.2 Pump Capacity Assessment 

Table 7-6 summarizes the service areas associated with each of the pump stations and compares the 
required pump capacity to the available pump capacity under existing and future demand conditions. 

Table 7-6 Pump Capacity Analysis 

Pump 
Station Service Area 

Capacity 
Required 

(L/s) 

Design 
Capacity 

(L/s) 

Excess 
(L/s) Deficient? 

Existing, 2014 (16.1 MLD) 
University 244m University, 192m Quest 4.4 42 37.8 No 

Boulevard 241m Thunderbird, 160m 
Garibaldi, 132m Kintyre 18.2 40 21.8 No 

Crumpit 
Woods 173m Crumpit Woods 0.0 5.1 5.1 No 

Future, 2031 (26.4 MLD) 
University 244m University, 192m Quest 10.1 42 31.9 No 

Boulevard 241m Thunderbird, 160m 
Garibaldi, 132m Kintyre 32.5 40 7.5 No 

Crumpit 
Woods 173m Crumpit Woods 2.6 5.1 2.4 No 

The analysis illustrates that there are no pumping capacity deficiencies in the water utility under 
existing (2014) and future (2031) conditions. 

7.3.3 Pump Station Recommendations 

There are no pump station improvements recommended for the District of Squamish under the Water 
Master Plan. 

7.4 Distribution System Analysis 

This section assesses the capacity of the District’s water distribution mains with respect to their ability 
to convey adequate service pressures and fire flows throughout the entire water distribution system 
under the existing (2041) and future (2031) OCP demand conditions.  The District’s hydraulic model 
was specifically used to carry out this analysis. 

7.4.1 Average Day Demand 

The maximum pressure within each zone occurs at the property at the lowest elevation compared to 
the HGL of the zone set either by a Reservoir, PRV or Pump.  Table 7-7 summarizes the number of 
nodes in the water model which currently have pressures exceeding 150 psi.  A node is a point in the 
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hydraulic water model which provides an indication of the available pressures, fire flows, etc., at the 
ends and intersections of watermains in the water system.  Nodes are provided mid-block as well in 
the Downtown Core modelled for Squamish. 

Table 7-7 Pressures During Average Day Demand 

Zone 

# Nodes above the Maximum 
Allowable Pressure 

Existing (2014) Future (2031) 

Thunderbird 3 3 

University 8 8 

Rest of System 0 0 

Total 11 11 

The maximum allowable pressure is exceeded in the Thunderbird and University pressure zones under 
the existing and future scenarios.  As illustrated in Figure 7-2 and Figure 7-3, there are several 
locations within the District of Squamish where pressures are more than 150 psi under existing and 
future conditions.  
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7.4.2 Peak Hour Demand 

The minimum pressures within each zone occur at the property at the highest elevation compared to 
the HGL of the zone set either by a Reservoir, PRV or Pump.  Table 7-8 summarizes the number of 
nodes which currently have pressures below 44 psi. 

Table 7-8 Pressures During Peak Hour Demand 

Zone 

# Nodes below the Minimum 
Allowable Pressure 

Existing (2014) Long Term (2031) 

Boulevard 14 17 

Crumpit Woods 1 1 

Stawamus 4 7 

Thunderbird 1 1 

Rest of System 0 0 

Total 20 26 

Pressures do not meet minimum requirements in the Boulevard, Stawamus and Thunderbird pressure 
zones.  Figure 7-4 and Figure 7-5 illustrate the locations within the District of Squamish where 
pressures are less than 44 psi under existing and future conditions.   

Existing conditions are acceptable, as only 20 out of 1,589 nodes (0.01 %) have pressures lower than 
44 psi.  This carries forward to the future scenario where only 26 nodes (0.02 %) are deficient.   

  



Scale:

Designed: 

Drawn: Approved:

Date

Revision

Project No: 

1:40,000 @ Tabloid

Revision Date

Map No

JUL 20151

Note:
Service Pressures During

Existing Peak Hour Demand

Client:

This drawing and its contents are the property of Opus International
Consultants Limited. Any unauthorised employment of reproduction,
in full or in part, is forbidden.

North Vancouver Office , #210 - 889 Harbourside Drive
    Tel (604) 990 4800                 Fax (604) 990 4805

CL

Path: G:\opus_dk\municipal\036 Squamish\GIS\D-03666.00 Water Master Plan\Figure 7-4 - Squamish Existing PHD Pressures.mxd

0 500250

MetersCL

D-03666.00

Figure 7-4

Legend
Water Source

Storage Reservoir

Well/Booster Pump Station

PRV

Watermains

Pressures

Pressures < 44 psi

44 psi < Pressures < 80 psi

80 psi < Pressures < 123 psi

123 psi < Pressures < 150 psi

Pressures > 150 psi

Pressure Zones

59m Squamish River

68m Clarke

78m Brackendale

97m Westway + I.R.24

99m Hospital Hill

104m Alice Lake

113m Boulevard

120m Stawamus

132m Kintyre

173m Crumpit Woods

160m Garibaldi

192m Quest

241m Thunderbird

244m University

GS



Scale:

Designed: 

Drawn: Approved:

Date

Revision

Project No: 

1:40,000 @ Tabloid

Revision Date

Map No

JUL 20151

Note:
Service Pressures During
Future Peak Hour Demand

Client:

This drawing and its contents are the property of Opus International
Consultants Limited. Any unauthorised employment of reproduction,
in full or in part, is forbidden.

North Vancouver Office , #210 - 889 Harbourside Drive
    Tel (604) 990 4800                 Fax (604) 990 4805

CL

Path: G:\opus_dk\municipal\036 Squamish\GIS\D-03666.00 Water Master Plan\Figure 7-5 - Squamish Future PHD Pressures.mxd

0 250125

MetersCL

D-03666.00

Figure 7-5

Legend
Water Source

Storage Reservoir

Well/Booster Pump Station

PRV

Watermains

Pressures

Pressures < 44 psi

44 psi < Pressures < 80 psi

80 psi < Pressures < 123 psi

123 psi < Pressures < 150 psi

Pressures > 150 psi

Pressure Zones

59m Squamish River

68m Clarke

78m Brackendale

97m Westway + I.R.24

99m Hospital Hill

104m Alice Lake

113m Boulevard

120m Stawamus

132m Kintyre

173m Crumpit Woods

160m Garibaldi

192m Quest

241m Thunderbird

244m University

GS



 District of Squamish - Water Master Plan 41 
 

D-03666.00  |  September 11, 2015 Opus DaytonKnight Consultants Ltd 
 

7.4.3 Fire Flow Analysis 

The results from the fire flow analysis are as summarized in Figure 7-6 and Figure 7-7 which illustrate 
the various ranges of fire flow requirements and availabilities throughout the system and identifies 
where deficiencies are occurring.   

Results from the fire flow analysis coincident to maximum are broken down by land use as listed in 
Table 7-9. 

Table 7-9 Fire Flows Coincident to Maximum Day Demand 

Land Use Desired Fire 
Flow (L/s) 

# Nodes with less than the 
Desired Fire Flow 

Existing (2014) Future (2031) 

Single Family Residential 60 221 311 

Multi-Family Residential 90 30 35 

Institutional & Commercial 150 65 70 

Industrial 225 25 43 

Total 341 459 

Out of a total of 1,589 nodes modeled, a substantial amount of fire flow deficiencies are currently 
present in the water system.  While some of these deficiencies may be ignored as no fire hydrants exist 
at those locations, there are some critical locations where the District should improve its water system 
to be able to provide the fire flows should fire hydrants be installed at locations where none are 
currently present. 
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7.4.4 Distribution System Recommendations 

The recommendations presented in this section are limited to the main distribution system and 
generally do not directly address dead end watermains where no hydrants are connected. 
Improvements for fire flow servicing to dead ends should be addressed on a case-by-case basis, 
especially as there are opportunities in the future to have required watermain upgrades borne by 
developers wishing to connect to the existing water system in the future. 

Table 7-10 and Figures 7-8 and 7-9 summarize the recommended upgrade works to overcome existing 
and future distribution system deficiencies.  

Table 7-10 Distribution System Upgrade Recommendations 
Project 

No. 
Trigger 

Scenario 
Improvement 

Type Description Deficiency 
Resolved 

D01 Existing 
Watermain  
(New Loop) 

Install main to connect Birken Road to Axen 
Road Fire Flows 

D03 Existing 
Watermain  
(New Loop) 

Install main to connect Bracken Road to Rod 
Road and Brennan Roads Fire Flows 

D04 Existing 
Watermain  
(New Loop) 

Install main on Eagle Run Rd from Government 
to Meadow Fire Flows 

D05 Existing 
Watermain  
(New Loop) 

Install main to connect Thunderbird Ridge to 
Glacier View Drive Fire Flows 

D06 Existing 
Watermain  
(New Loop) 

Cheakamus Way and Park Crescent Looping Fire Flows 

D10 Existing 
PRV Station & 

Watermain 

Install a PRV and install new mains to connect 
Kintyre Zone to Squamish River Zone at the end 
of Bills Place 

Fire Flows 

D12 Existing 
Watermain  
(Upgrade) 

Upgrade main on Centennial Way towards Eagle 
Vista Campground 

Fire Flows 

D13 Existing 
Watermain  
(New Loop) 

Install main to loop Progress Way and Mid Way Fire Flows 

D14 Existing PRV Station 
Install a watermain to connect the Hospital Hill 
Zone to the Westway Zone 

Fire Flows 

D22 Existing 
Watermain  
(Upgrade) 

Upgrade main on Tobermory Way east of 
Thunderbird Drive Fire Flows 

D25 Future 
Watermain  
(Upgrade) 

Upgrade main on Finch Drive from Hwy 99 to 
Loggers Lane Fire Flows 

W-7A Existing 
New 

Watermain Dedicated Brackendale Feedermain Completion 
Transmission, 
Pressures, Fire 

Flows 

W-2 Existing 
New 

Watermain Logger's Lane Feedermain 
Transmission, 
Pressures, Fire 

Flows 

W-5 Existing Watermain  Centennial Way Feedermain Transmission, 
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Project 
No. 

Trigger 
Scenario 

Improvement 
Type Description Deficiency 

Resolved 
(Upgrade) Pressures, Fire 

Flows 

W-11A Existing PRV Station 
Decommission Logger's Lane/High School PRV 
Stations 

Transmission, 
Pressures, Fire 

Flows 

W-11B Existing PRV Station New Blind Channel PRV Station 
Transmission, 
Pressures, Fire 

Flows 

W-6 Existing 
Watermain  
(Upgrade) Government Rd Watermain Fire Flows 

D02 Existing 
Watermain  
(Upgrade) 

Upgrade mains on Ross Road and Arrowhead 
Road Fire Flows 

D07 Existing 
Watermain  
(Upgrade) Upgrade mains on The Boulevard Fire Flows 

D08 Existing 
Watermain  
(Upgrade) Upgrade mains on Skyline Drive Fire Flows 

D09 Existing 
PRV Station & 

Watermain 
Upgrade 

Install a PRV and upgrade mains on Kintyre 
Drive 

Fire Flows 

D11 Existing 
Watermain  
(Upgrade) 

Upgrade mains on Government Road and Clark 
Road Fire Flows 

D15 Existing 
Watermain  
(Upgrade) 

Upgrade mains on Clarke Drive downstream of 
the Clarke PRV station Fire Flows 

D16 Existing 
Watermain  
(Upgrade) 

Upgrade main on Sea-to-Sky highway 
downstream of the Clarke PRV that services 
industrial areas west of the Highway 

Fire Flows 

D17 Existing 
Watermain  
(Upgrade) 

Upgrade mains on Totem Drive Fire Flows 

D18 Existing 
Watermain  
(Upgrade) Upgrade mains on 2nd Avenue Fire Flows 

D19 Existing 
Watermain  
(Upgrade) Upgrade mains on Pemberton Avenue Fire Flows 

18 Existing 
Watermain  
(Upgrade) 

Thunderbird Ridge from Glacier View to Perth Fire Flows 

13 Existing 
Watermain  
(Upgrade) Government Rd from Depot to Dryden Fire Flows 

12A Existing 
Watermain  
(Upgrade) Depot Rd East of Government Rd Fire Flows 

12 Existing 
Watermain  
(Upgrade) Depot Rd from Peterson to Reid Fire Flows 

14 Existing Watermain  Government Rd from Judd to Dryden Fire Flows 
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Project 
No. 

Trigger 
Scenario 

Improvement 
Type Description Deficiency 

Resolved 
(Upgrade) 

11 Existing 
Watermain  
(Upgrade) Kintyre Dr from Lomond Way to Blvd Fire Flows 

16 Existing 
Watermain  
(Upgrade) 

Thunderbird Ridge from Tobemory to Reservoir 
(upgrade distribution line) Fire Flows 

17A Existing 
Watermain  

(Replacement) 
Friedel Cr from the Blvd to Angelus Fire Flows 

9 Existing 
Watermain  
(Upgrade) Government North of Mamquam Fire Flows 

D20 Future 
Watermain  
(Upgrade) 

Upgrade mains on Government Road and Axen 
Road Fire Flows 

D21 Future 
Watermain  
(Upgrade) Upgrade mains on Government Road Fire Flows 

D23 Existing 
Watermain  
(Upgrade) 

Upgrade mains on View Place west of Vista 
Crescent Fire Flows 

D24 Existing 
Watermain  
(Upgrade) 

Upgrade mains on Northridge Drive east of Vista 
Crescent Fire Flows 

The distribution network improvements noted in the table above have been chosen and designed to 
address the majority of the fire flow deficiencies in the District’s current water distribution network 
while providing the best cost-benefit for their construction. 

The resulting fire flow deficiencies decreases from 459 to 123 deficiencies under the 2031 maximum 
day demand scenario once all the watermain improvements are completed. 

Many areas where the desired fire flow levels cannot be achieved are at either dead ends within the 
water network or along undersized watermains where there are no hydrants connected to them. Figure 
7-8 and Figure 7-9 illustrate the resulting pressure and fire flows in the District’s water system with all 
the network improvements above carried out and also illustrate remaining deficiencies. 
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8 Other Water Studies 

Concurrently with the Water Master Plan, Opus DK has developed a series of Technical Memoranda 
and Reports for the District which have been included in Appendix A, F and G.  

8.1 Long Term Source Development Strategy 

The goal of the Long Term Source Development Review was to analyse how future demand on the 
District’s water system can be met for conditions at the end of the Water Master Plan study period 
(2031); namely providing sufficient flow for the estimated future population of 31,525 residents. Water 
supply source expansion options previously considered by the District were updated and assessed. 
This included Class D cost estimates and life-cycle cost analyses, including a detailed review of 
infrastructure related requirements (such as pumping and storage requirements) that would enable 
the successful implementation of each strategy. The supply options reviewed included: 

 Additional wells at Powerhouse Springs 
 New well field along the Mamquam River 
 Upgrading the Stawamus and/or Mashiter surface water sources 

The costs for each strategy are summarized in Table 8-1. Expanding the existing Powerhouse Springs 
well field was found to be the most cost effective and reliable option. Expansion improvements include 
the supply and installation of an additional well pump and the associated mechanical and electrical; 
upgrades required.  The Stawamus River surface water source was the second-most viable option, 
provided that an application for filtration exclusion is successful.  There are also concerns and 
uncertainties surrounding the available supply capacity from Stawamus River in the summer, to meet 
minimum flow requirements from the Department of Fisheries and Oceans, and to provide water to 
the District during peak summer demands.  Due to the high capital cost of infrastructure development 
and land acquisition required compared to the other options, along with the uncertainty of the supply 
source and flood damage potential, it was not recommended that the Mamquam River well field be 
further considered as a future supply source at this time.  

Table 8-1 Summary of Costs for Long Term Source Development Strategies 
Option Description Price 

Powerhouse Springs Well Field 

3.1 

Capital Cost $615, 689 

Annual O&M $192,735 

17 Year Life-Cycle Cost (7% discount Rate) $2,480,819 

Mamquam River Well Field 

3.2 

Capital Cost $8,670,915 

Annual O&M $255,200 

17 Year Life-Cycle Cost (7% discount Rate) $11,112,351 

Stawamus River & Mashiter Creek Surface Water Sources 

3.3 Capital Cost $3,374,250 
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Option Description Price 

Annual O&M $265,164 

17 Year Life-Cycle Cost (7% discount Rate) $5,950,656 

 
8.1.1 Summary and Recommendations 

The required source capacity should be developed in order to meet the demand requirements under 
the future MDD condition. A total future source capacity of 299 L/s is required by 2031 in the 
distribution system. The Powerhouse Springs long term source implementation strategy is 
recommended for implementation by the District of Squamish.  

Technical Memorandum No. 1 found in Appendix A describes the evaluation and cost analyses for 
these strategies.  

8.2 Water Meter Implementation Strategy 

At the time of the production of this Water Master Plan, Squamish has been running a small scale 
metering program which covers a minor portion of the community’s water utility customer base. 
Within the current metering program, a subset of the Industrial, Commercial and Institutional (ICI) 
customers and some large residential developments have meters built into their service connections. A 
small portion of these customers with metered service connections were billed according to their water 
usage, while the majority of these customers were charged a flat rate that is either based on the Water 
Rates Bylaw (Bylaw No.676) or on the Building Bylaw (Bylaw No.1822, 2004).  
 
The Water Meter Implementation Strategy (for Technical Memorandum see Appendix A) evaluated 
the business case for multiple metering program options in order to recommend a viable metering 
program and outline an implementation strategy to see it through. The evaluations made for each 
program option included a weighting of community and utility organization (Squamish) costs and 
benefits. Benefits that are not quantifiable were measured against the Mission and Values of 
Squamish. The impacts of each strategy on water conservation was also analyzed and 
included in the overall review of each option. For example, the high costs of a universal 
metering program were weighed against the total anticipated deferred costs of water 
system infrastructure improvements as a result of the reduction in water 
consumption. Anticipated savings and environmental and social impacts due to water conservation 
were not assessed. It was understood that these gains will stem from a water rate structure that drive 
changes to consumption patterns.  

8.2.1  Summary and Recommendations 

The gradual expansion of the ICI metering program into a Universal metering program was found to 
be the best possible option for Squamish. A universal metering program is a very politically sensitive 
program which takes a dedicated effort to build buy-in for within the District’s utility customer base. 
At this time, the universal metering option does not provide the most cost-benefit to Squamish as it 
has many additional capital and reinvestment works to finance in the short term. While not a short 
term project, increased public perception for the need of water conservation and, eventually, universal 



 District of Squamish - Water Master Plan 51 
 

D-03666.00  |  September 11, 2015 Opus DaytonKnight Consultants Ltd 
 

metering, can be improved within the scope of the customer education component of the water 
conservation plan.  

In the end the District Council selected the implementation of ICI and MF metering as detailed in 
Technical Memorandum No. 2 found in Appendix A. It was also noted through Council that Squamish 
will continue installing meter boxes for residential services going forward. 

8.3  Water Conservation Plan 

For the majority of its history, the freshwater supply and the potable water system has reliably 
provided the District with an abundance of water that met demands of the community. The 
community had not been required to conserve water in any significant way. Freshwater is plentiful all 
year round but community growth, aging infrastructure, and the current economic context are putting 
competing pressures on the District to renew and to expand the system, yet mitigate cost increases 
where possible.  

The water conservation strategies the District has undertaken include water loss management, staged 
water restrictions, and customer education. The purpose of this Water Conservation Plan (WCP) is to 
build on the District’s water conservation experience to set out a course of action for the next 17 years 
that will allow the District’s water utility to influence system demands in order to meet the water 
conservation goal.  

The 2014 data indicates that present water consumption in the community is higher than the national 
average, with an average consumption per capita of 564 L/c/d and a maximum per capita 
consumption of 851 L/c/d. For the purposes of setting water conservation targets, the 2014 demand 
values were used as the basis for all planning. An attainable target of a 15% reduction in per capita 
water demand (ADD and MDD) to 2031 was selected. This target is supported through the ICI and 
Multi-Family (MF) customer metering strategy currently proposed and is also more in line with the 
District’s goals, outlined in the WCP, than an aggressive higher percentage value target would be. 

The WCP was developed to be complementary to other planning and policy documents guiding the 
District, such as the Official Community Plan (OCP), the Water Loss Management Program, the Water 
Master Plan (WMP), the Asset Management Plan, and the Water Regulations and Rates Bylaw No. 
676. The “Water Conservation Planning Guide for British Columbia’s Communities[1]” and the 
Ministry Of Environment’s Living Water Smart: British Columbia’s Water Plan (2008) were also 
used to guide WCP development.  

8.3.1 Summary and Recommendations 

Table 8-2 presents a five year plan outlines the short term implementation schedule and budget for the 
seven Water Conservation Programs selected. These programs will lay the foundation for the District 
to meet its water conservation target of an average day demand of 479 (L/capita/day) and a maximum 

                                                        
[1] Water Conservation Planning Guide for British Columbia’s Communities Version 1.0 March 2009, POLIS 
Project on Ecological Governance at the University of Victoria with the British Columbia Ministry of Community 
Development. 
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day demand of 723 (L/capita/day) by 2031. The reasoning for their selection is captured in the WCP 
document. 

Table 8-2 Water Conservation Plan Schedule and Budget 

Water Conservation Program Annual 
Cost 2015 2016 2017 2018 2019 

Outdoor Water Use Bylaw Enforcement  $33,000 

Customer Water Audits $16,500 

Building Bylaw Amendments (1): Low Flow Fixtures  Nominal 

Building Bylaw Amendments (2): Xeriscaping  Nominal 

Water Loss Management Program Initiatives 
- Installation of district (zone) meters and completion 

of network water audits. 
- Continuation of leak detection program. 

 
- Utility 

O&M 
- Nominal  

  
 

Public Education Campaigns $18,500     
Endorsement of Local Initiatives Nominal     

 
The highest impact will be achieved in the short term by enforcement of the District’s Outdoor Water 
Use Bylaw. As this program is rolled out in the summer months and targets irrigation it will influence 
MDD and consequently the ADD as well. The full impact of the other programs will take longer to be 
achieved and will be relatively smaller in scale. These programs remain nonetheless important. They 
develop the conservation ethic which bolsters buy-in for future conservation programs with more 
bearing. 

The majority of the programs will occur on an ongoing basis as they should eventually become an 
integral part of utility management. Only the Building Bylaw Amendments are a one-time occurrence 
that will roll into the building inspection program overseen by the Development Services department. 
The implementation of the Customer Water audits are scheduled to coincide with the ICI and MF 
customer metering program that will commence in 2016.  

The annual costs included in the budget table pertain to the salary of the water conservation officer 
($66,000), split between the three most time consuming programs, and an allocation ($2,000) for the 
cost of producing communication materials and media publishing. Costs already incurred by the 
District such as the Water Loss Management Program, which is covered in utility operations, and 
vehicle charges related to the water conservation officer’s activities, were not included. This schedule 
of costs was incorporated into the financial analysis completed as part of the WMP. 

The complete Water Conservation Plan is provided in Appendix F. 

8.4  AC Watermain Renewal Program 

The purpose of the AC Watermain Renewal Program was to update and refine the AC watermain 
replacement strategy identified in the District’s 2011 Asset Management Plan (AMP). According to the 
2011 AMP, AC pipes totalled approximately 70% of the District’s water network. For the purposes of 
the District’s first AMP, the design lifespan for the AC watermain was established at 50 years and 
applied across the entire inventory in the 2011 AMP. This preliminary infrastructure reinvestment 
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requirement analysis determined that, on average, the water network’s AC watermains have an 
estimated remaining life of 10 years and that this subset of the inventory would require replacement 
within the next 20 years.  

A thorough risk assessment of the District’s AC watermain inventory conducted by Opus DK identified 
opportunities for deferring replacements in the water network. These opportunities were identified 
through an updated probability of failure analysis which included review of system pressures and soil 
conditions in addition to the watermain age.  

On the basis of the desktop risk analysis developed from the refined probability of failure analysis, a 
preliminary AC watermain renewal plan was developed. According to this plan, it was forecasted that 
from 2015 to 2031, the District would have to invest a grand total of over $35.2 million to meet 
renewal requirements as dictated by the risk assessment. It was found that just over $2.2 million of 
this total was to specifically address High and Very High Risk AC watermains.  

In order to meet realistic funding limitations and to balance the workload associated with AC 
watermain renewal with other District initiatives, Opus DK proposed an alternative renewal plan to 
defer Low Risk and Medium Risk projects according to the remedial action response modified from 
the 2011 AMP. By deferring Very Low and Low Risk AC watermain renewals by 10 years, and Medium 
Risk AC watermain renewals by 5 years, the estimated total reinvestment in the AC watermain 
inventory from 2015 to 2031 was reduced to just over $22.5 million.  

8.4.1 Summary and Recommendations 

The AC watermains have been prioritized by a risk rating which will allow for capital expenditures to 
be earmarked to high risk assets in the District’s system. Currently, the majority of AC watermains at 
the end of their expected service lives are classified as Low to Medium Risk. 5% of AC Watermains are 
ranked as High Risk, and have been prioritized for immediate replacement. Several AC watermain 
replacements have also been frontloaded as their upgrade also addresses current fire flow deficiencies 
in the District’s current watermain network. A preliminary AC Watermain Renewal Plan has been 
developed for the 2015-2031 planning horizon and has been included into the Capital Projects List of 
the Water Master Plan.  

Following the condition testing program of High Risk AC watermains to be carried out later this year, 
Opus DK will revise the preliminary AC Watermain Renewal Plan and provide more confident results 
in a revised AC watermain renewal schedule.  

The report submitted for this study detailing the methodology and results of the AC watermain risk 
analysis is provided in Appendix G. 
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9 Improvement Projects Summary 

This section provides the District of Squamish with a Capital Projects List which summarizes the 
required water infrastructure related system improvements over the next 17 years (from 2015 to the 
end of the study period in 2031).  Projects from the hydraulic model review in Section 7 and further 
water infrastructure related recommendations arising from the desktop reviews found in Section 8 
have been prioritized. Their prioritization has been completed based on discussions with District staff. 
The highest priority projects focus on addressing multiple system deficiencies with a single project.  
For example, watermain upgrades address fire flow deficiencies and replace old AC watermains, and 
reservoir construction projects which provide improvements to existing storage but also address 
growth. 

The comprehensive desktop reviews completed in Section 8 include a Long Term Source Development 
strategy, a Water Meter Implementation strategy, a Water Conservation Plan, and a AC Watermain 
Renewal Program, which recommend numerous capital improvement projects and operational 
programs for the District going forward. Recommendations include: 

 a new groundwater well to be installed at the Powerhouse Springs well source; 
 the implementation of a Multi-Family and ICI metering program for the utility;  
 operational programs to promote water conservation in the District; and, 
 an AC watermain replacement program with prioritized replacements for each year spanning from 

2015 to 2031. 

Note that recommendations arising from the water conservation plan have not been included in the 
Capital Projects List as these are mainly operational expenditures. However, these operational 
expenditures, as well as other operational costs such as power and treatment for the additional 
groundwater well and operating costs to read and bill out for the metering program, are included in 
Opus DK’s financial analysis of the water utility. 

The Capital Plan has gone through multiple revisions during the course of the project, have been 
reviewed and verified for constructability by Squamish staff, and have been confirmed as financially 
feasible for the District through the financial analysis. 

9.1 Cost Estimate Basis 

Cost estimates provided in the Capital Projects List have been prepared based on unit cost rates from 
relevant past projects within the District of Squamish and Opus DK’s cost database, adjusted to 2014 
constant dollars.  Where appropriate, allowances are also included for river crossings and road 
restoration.  
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Table 9-1 summarizes the unit rates used to estimate the capital improvement works. 

Table 9-1 Unit Rates For Budgeting 
Asset Size Unit Cost ($) Unit 

Watermains 200 715 lin.m 

250 845 lin.m 

300 975 lin.m 

350 1,105 lin.m 

400 1,235 lin.m 

500 1,625 lin.m 

Reservoirs > 0.75 ML 900 m3 

< 0.75 ML 1,000 m3 

PRV Stations 150mm lead PRV 150,000 ea. 
 
The unit rates above include allowances of 15% for engineering fees and 15% for contingency.  

9.2 Capital Projects List 

The proposed Capital Projects List is organized into the following projects: 

 Capital Projects from the Water Master Plan 
 Existing Capital Projects from the District’s previous Capital Projects List 
 Recommendations from the Long Term Source Development Strategy 
 Recommendations from the Water Meter Implementation Strategy 
 Recommendations from the AC Watermain Renewal Program 

The Capital Projects List is summarized in Table 9-2. District staff should note that when utilizing 
costs from the Capital Projects List that these cost estimates are based on an ENR Construction Cost 
Index (CCI) of 9,846 for September 2014 and should be adjusted to account for increased costs 
through review of the updated CCI at the time of tender and construction.  

The ENR indexes measure how much it costs to purchase a package of goods compared to what it was 
in the base year. For the District of Squamish, Opus DK recommends using the ENR’s Construction 
Cost Index (CCI) as this index is typically used to estimate costs for jobs where labour costs are a high 
proportion of total costs. Comparatively, ENR’s Building Cost Index (BCI) provides estimates which 
are more applicable for structures (i.e. commercial buildings and private dwellings). The District 
should note that the ENR costs merely offer a snapshot of general cost trends but are applicable for the 
purposes of helping District staff estimate project costs as they occur in the future.  

Figure 9-1 illustrates the recommended capital projects from the Capital Projects List.  
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9.3 Financial Model 

The Water Master Plan prepared for the District has led directly into the development of a Utility 
Financial Model to assess the long term financial sustainability of the utility and to provide an 
assessment of the required rate increases for the utility’s customers to the year 2031. 

Projects found in the Capital Projects List have been entered into the financial model and has 
informed the project team and the District of the feasibility of the Capital Upgrades program in terms 
of the rate increases required to finance the capital program and infrastructure renewals costs for the 
District going forward. 

The outcomes of the financial model includes a sustainable financial plan that incorporates the full 
cost recovery of service delivery with due consideration of asset maintenance and renewal strategies, 
and the cost impact of infrastructure expansion. 

9.3.1 Water Rate Increases 

Recommendations of yearly water rate increases which will be applied to the District has been 
provided in Technical Memorandum No. 3 found in Appendix A. 

9.3.2 New Water Rate Structure 

Also included in the financial model is a water rates restructuring component which will advise the 
District of various water rate structures that could be implemented once the water meters are installed 
on every ICI and Multi-Family connection. This is also found in in Technical Memorandum No. 3 
found in Appendix A. 

9.4 Other Future Projects 

The Water Master Plan has covered many aspects of the capital expenditure and operational program 
requirements of the District water utility at this point in time, through the development of a 
comprehensive servicing strategy for the utility until 2031. 

Some projects which may be considered following the completion of this Water Master Plan (for 
possible inclusion into an update of the District’s Water Master Plan in five years) is detailed below. 

9.4.1 Universal Metering Program 

The District should prepare a further analysis for the potential implementation of a Universal 
Metering program to cover all customers in the water utility. The review should include: a cost-benefit 
analysis outlining the implementation of the program for the District, financing options to undertake 
the program including grant opportunities, the specific strategy required for the successful 
implementation of the program, and impacts to the water utility (e.g. reduced operational costs, 
reduced capital improvement costs for the utility) as a result of the potential water conservation that 
the Universal Metering program will bring about.  
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9.4.2 Intelligent Pressure Management 

The District should look into the potential to implement intelligent pressure management (IPM) 
strategies into its water utility through the use of District meters and active control schemes at its PRV 
stations.  

The Squamish River zone is a relatively flat area within Squamish which may be a good candidate for 
IPM. The aim of IPM is to reduce system pressures during non-peak usage periods to reduce stress in 
the system. This in turn reduces the number of unexpected bursts, reduces background leakage, and 
assists in prolonging the life of the utility. 

A preliminary assessment of the elevations in the Squamish River zone concludes that the range of 
difference in elevations, from 1 metre to 27 metres, makes this zone suitable for implementing IPM.  

The Intelligent Pressure Management system is comprised of the valves and flow meters at the feed 
points of the zone.  A programmable logic controller (PLC) is also installed, which records the 
measured sensor data needed to control the valves. Depending on consumption the valve is 
automatically adjusted to reduce the supply pressures. Total consumption is constantly read and 
updated through flow meter readings and this information is sent to a computer where a distribution 
curve for the area is stored. The pressure set-points on the valves are then automatically adjusted by 
the PLC based on the distribution curve assigned. 

Winter and summer time set points may also be considered to further refine the IPM program.  

A detailed cost-benefit analysis is recommended to be undertaken to assess the 
economics of implementing IPM in the Squamish River zone.  

9.4.3 Water Master Plan/Conservation Plan/Asset Management 
Plan/Financial Modeling 

The Water Master Plan and the Asset Management Plan projects should be combined and include an 
assessment of operations and maintenance costs. This assessment should be completed on a 5 year 
basis and has been included as a line item on the District’s Capital Projects List. 

This comprehensive assessment can be worked into a sustainable financial plan that incorporates the 
full cost of service delivery with due consideration of asset maintenance and renewal strategies, and 
the cost impact of infrastructure expansion.  
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The District of Squamish (District) retained Opus DaytonKnight Consultants Ltd. (Opus DK) to 
develop a comprehensive Water Master Plan (Plan) for the District’s water system. A key aspect 
of the Plan is a Long Term Source Development Review, to analyse how future demand can be 
met for conditions at the end of the study period (2031); namely providing sufficient flow for the 
estimated future population of 31,525 residents. This memo updates and assesses the business 
case for previously considered water supply source expansion options. This includes Class D cost 
estimates and life-cycle cost analyses, including a detailed review of infrastructure related 
requirements (such as pumping and storage requirements) that would enable the successful 
implementation of each strategy. An Implementation Strategy is provided at the end of this 
memo. The supply options reviewed include: 

 Additional wells at Powerhouse Springs 
 New well field along the Mamquam River 
 Upgrading the Stawamus and/or Mashiter surface water sources.  

The results of this high level review are intended to provide direction as to which of the three (3) 
options should be investigated further.  

The 17-year Life Cycle Cost (LCC) estimates to develop each water source option are summarized 
below in Table 1-1.  

Table 1-1 
17-Year Life Cycle Cost Summary 

Option Capital Cost Annual O&M 17 Year LCC  a 

Powerhouse Springs Well Field 
Additional Well $615,689 $192,735 $2,480,819 

Mamquam River Well 
Development $8,670,915 $255,200 $11,112,351 

Stawamus River Surface Water 
Source Development $3,374,250 $265,164 $5,950,656 

Notes: 

a) Net Present Value 
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The costs for the District to develop a secondary (redundant) supply at the Mamquam River well 
field or the Stawamus River surface water source are costly due to the infrastructure required, 
such as the requisite booster pump stations, reservoirs, transmission mains, and facilities.   

Based on the Life Cycle Costs for each of the three source options, Opus DK recommends that 
the District undertake a detailed evaluation of expanding the existing Powerhouse Springs well 
field capacity. 

1 Introduction 

The District of Squamish supplies potable water to over 18,000 residents in its community. 
Present water consumption is higher than the national average, with an average consumption 
per capita of 576 L/c/d and a maximum per capita consumption of 878 L/c/d.  

The water system for the District is fed through seven (7) groundwater wells at the Powerhouse 
Springs well site, located near the confluence of Powerhouse Creek and the Mamquam River. At 
its present capacity, the Powerhouse Springs source would remain a primary water source into 
the future, though a significant population increase would result in increased water capacity 
requirements for the District.  High water usage in the summer months is a priority concern. 

The District also has two (2) emergency back-up surface water supplies at Mashiter Creek and 
Stawamus River. Prior to the 1999-2000 study into the Powerhouse Springs well site and the 
subsequent well development that followed, the Mashiter Creek and Stawamus River intakes had 
supplied all of the water to the District. Currently, in periods of high demand, the surface water 
sources can support the main Powerhouse Springs supply, though this often requires the District 
to issue a water quality advisory/boil water advisory as these sources are only treated by 
chlorination, and are subject to periods of high turbidity during heavy rainfall. 

Three options were reviewed to supplement the Powerhouse Springs water source.  

The first option is to increase the capacity at the Powerhouse Springs water source through the 
construction of an additional well.  This option is explored in Section 3.1 of this memo. 

The second option for increasing the water supply capacity is to develop a new well field along 
the Mamquam River. This option was the original alternative to the development of the 
Powerhouse Springs well field, and has remained in consideration as a potential future source to 
augment the main supply. Section 3.2 details the development of a new well field along the 
Mamquam River. 

The third option includes utilizing the current supplies at Mashiter Creek and Stawamus River to 
supplement the Powerhouse Springs water source.  As a recent study completed for Squamish 
has focused in detail on development of the surface water disinfection concept for the Stawamus 
River source, the analysis for this section of the memo builds on the findings of that report as an 
alternate long term water supply option.  Section 3.3 details the requirements for water 
treatment (including filtration and UV disinfection) if the Stawamus water source was 
developed.  
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As part of the Water Master Planning study, significant work has already been done in the 
development of the existing and projected system demand for the District of Squamish. The 
existing Maximum Day Demand (MDD) for the District is 185.9 L/s with an estimated MDD in 
2031 of 305 L/s.  

Table 1-1 
Demand Estimates for Squamish 

 2013 Demand (L/s) 2031 Demand (L/s) 

Average Day Demand 122.0 196.3 

Maximum Day Demand 185.9 305.0 

 
1.1 Conduct of Study 

The following information was reviewed over the course of this study: 

 Stawamus Surface Water Disinfection Concept Memorandum, KWL, May 2014 
 Water Background Report, District of Squamish (Engineering), February 2014 
 Hydrogeological Assessment for Well Protection Plan, Piteau, 2014 
 Powerhouse Springs Well Protection Program, Piteau, 2014 
 Well Redevelopment Program Powerhouse Springs Well Field, Piteau, 2014 
 Revenue and Expenses (Multiple Segments) Without Encumbrance for fiscal Year 2014, 

Period 1 to 12 and Budget Cycle FINAL, District of Squamish, 2014 
 New Reservoir Strategic Location Assessment, KWL, 2013 
 Completion Report Production Well PW-6 Reconstruction and Testing Program Powerhouse 

Springs, Piteau, 2007 
 District Water Supply Strategy Report, Squamish Engineering, 2007 
 Update of the Water Capital Plan - Revision 2, KWL, 1999 
 Water Source Development Site Assessment of Mamquam River and Powerhouse Springs, 

KWL, 1999 
 Hydrogeological Assessment of Mamquam River Test Well Program, Piteau, 1998 
 Groundwater Source Study Phases II and III, Test Well Program and Final Assessment, 

Piteau, 1995 
 Stawamus River and Mashiter Creek Watershed Assessment, Squamish Forest District, 1994 

Class D cost estimates were based on previous experience and relevant reports. 
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2 Feasibility of Sources 

2.1 Powerhouse Springs Well Field 

2.1.1 Water Quantity 

Groundwater from the Powerhouse Springs well field currently supplies all of the District’s 
potable water needs. The well field is located approximately 5 km east of the Squamish Town 
Centre.   

From Piteau Associates Engineering Ltd.’s (Piteau) Well Redevelopment Program for the 
Powerhouse Springs Well Field (2013), the following is noted: 

 The District holds a Project Approval Certificate, granted in 1998 under the Environmental 
Assessment Act, that allows for a combined instantaneous withdrawal of up to 255 L/s from 
the well field (based on a maximum of three (3) wells operating at any time, each 
withdrawing 85 L/s). 

 Decreases in well efficiency have been documented, and are a typical experience. Wells PW-1 
and PW-2 were rehabilitated last in 2005. Wells PW-3, Pw-6, Pw-7 were rehabilitated last in 
November 2013. The rehabilitation programs have been successful in increasing well 
efficiencies. 

 The total estimated sustainable yield of the seven (7) wells is 322 L/s, though the current 
practical output due to increased system pressures during simultaneous well operation is 
effectively 250 L/s. Table 2-1 below summarizes relevant data taken from the Piteau report. 

Table 2-1  
Powerhouse Springs Well Data 

Well ID Year 
Commissioned 

Estimated 
Pump Capacity 

(L/s) 

Estimated 
Sustainable Yield 

(L/s) 

Most Recent 
Rehabilitation 

Current 
Efficiency a 

PW-1 2002 60 44 2005 52% 

PW-2 2002 61 50 2005 29% 

PW-3 2002 25 23 2013 41% 

PW-4 2005 33 31 - 44% 

PW-5 2008 27 35 - 59% 

PW-6 2008 47 56 2013 84% 

PW-7 2008 109 83 2013 96% 

Total 322   

Notes: 

a) Efficiency shown as percentage of original specific capacity 
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Further, as noted in Piteau’s Hydrogeological Assessment for Well Protection Plan (2014), the 
well field is located in an area where the discharge rate of spring-fed watercourses is about 760 
L/s, as measured by flow gauging.  This is less than the 1995 estimate of 800 L/s, though is still 
high enough to warrant the possibility of adding additional well(s) to the field to increase pump 
capacities.  

The Powerhouse Springs well field is a viable option to service the future maximum day demand 
of 305 L/s.  In consultation with the District, the practical maximum output of 250 L/s is 
deemed maintainable, and could be improved upon with proper maintenance and well 
rehabilitation programs.  

To meet future MDD, an additional well is recommended to increase the withdrawal from 250 
L/s to 305 L/s at Powerhouse Springs.  

2.1.2 Water Quality 

The Piteau studies conducted as part of the Well Protection Plan indicated that the groundwater 
at Powerhouse Springs meets health-based standards set out in Health Canada’s 2012 Guidelines 
for Canadian Drinking Water Quality (GCDWQ). Samples taken from PW-5 and PW-7 indicate 
that turbidity levels range from less than 0.10 NTU to 0.37 NTU. This is below the GCDWQ 
allowable levels, which state that raw water sources should be less than 1.o NTU and cannot 
exceed 5.0 NTU. PW-7 is currently the lead production well, while PW-5 is also engaged most of 
the time.  

2.2 Mamquam River Well Field 

2.2.1 Water Quantity 

The Mamquam well field is a potential site for a secondary groundwater source supply, and has 
been identified in a 1994 study conducted by Piteau as a potential area for developing a large 
potable water supply. It is located at the confluence of the Mamquam River and Mashiter Creek. 

From Piteau’s Hydrogeological Assessment of Mamquam River Test Well Program (1998), the 
following was known about the aquifer identified beneath the lower reaches of the Mamquam 
River: 

 The aquifer is unconfined, and is thought to recharge primarily through seepage from 
infiltration of direct precipitation, and more significantly through seepage from the 
Mamquam River and Mashiter Creek. The latter source will allow for year round recharge.  

 Based on a configuration of three (3) wells, an individual well yield of approximately 90 L/s, 
with a combined yield of 270 l/s is reasonably expected.  

 Hydraulic impacts would include a slight reduction in Mamquam river flow and slight 
drawdown at the Newport Ridge Estates, located approximately 1.5 km southwest of the site. 
No flow reductions are expected in Mashiter Creek.  

Section 3.2 outlines the feasibility of developing the Mamquam well field as a secondary supply 
to the Powerhouse Springs well field, which will continue to operate as the primary source of 
potable water for the District.  
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2.2.2 Water Quality 

Piteau’s Hydrogeological Assessment of Mamquam River Test Well Program (1998) states the 
Mamquam River aquifer has similar water quality to the Powerhouse Springs. The water was 
found to have a hardness less than 20mg/L-CaCO3 equivalent, and met the 1996 Health & 
Welfare Guidelines for Canadian Drinking Water Quality. 

A concern identified in the Piteau report was the proximity of the capture zone for the well field 
to light commercial and industrial areas. From reviewing Schedule B – Land Use of the District’s 
Official Community Plan (2009), the areas surrounding the proposed well field have been 
identified as: 

 Employment and Industrial, to the southeast; 
 Residential Neighborhoods, to the north and east; 
 University Neighborhood, to the north; and, 
 Greenway Corridors and Recreation, to the east, west, and southwest. 

Further testing would be required to determine the present water quality, and whether there is 
risk of contamination to the aquifer from the surrounding areas.  

2.3 Stawamus River & Mashiter Creek Surface Water Sources 

2.3.1 Water Quantity 

The Squamish Forest District’s Stawamus River and Mashiter Creek Watershed Assessment 
(1994) locates the Stawamus River Watershed as located approximately 6 km southeast of 
Downtown Squamish, with a drainage area of 4,062 ha. Mashiter Creek is approximately 13 km 
northeast of Downtown Squamish and has a drainage area of 2,556 ha.  

Until 2000, the Stawamus River and Mashiter Creek surface water sources were the main supply 
of potable water to the District. Since being replaced by the Powerhouse Springs water source, 
these surface water sources are used only in periods of peak demand as backup/emergency 
supplies for Squamish. 

The supply drawn from these two sources under a surface water license from the Ministry of the 
Environment limit capacity to 132 L/s for the Stawamus River, and 110 L/s for Mashiter Creek, 
for a combined capacity of 242 L/s. The District’s most recent review lists the capacities of the 
Stawamus River and Mashiter Creek intakes at 132 L/s and 184 L/s.   

This memo builds upon KWL’s Stawamus Surface Water Disinfection Concept Memo (2014), 
which has developed a concept and cost estimate detailing the feasibility of utilizing the 
Stawamus water source to supplement the Powerhouse Springs source. The memo has identified 
the Stawamus River source as a better candidate for treatment rather than the Mashiter Creek 
site for the following reasons: 

 The Stawamus Intake is understood to require less maintenance due to stability of the river 
channel (compared to Mashiter Creek); 

 Better access to the intake and the existing chlorination building; 



 

Page 7 
 

 More room within the existing chlorination building and also more room for expansion of the 
treatment building if required; and, 

 Better connected to the majority of the system (impacts supply capacity and risk). 

There are however, some concerns with developing a water supply from the Stawamus River 
source. These include supply concerns during summer months when water usage is high, and 
water quality issues as described below. No additional permitting would be required through 
developing this source for long term supply.  

2.3.2 Water Quality 

Water quality has historically been an issue for the two surface water supply sources. The use of 
the Stawamus River and Mashiter Creek back-up water sources during high demand periods in 
the summer months has coincided with periods of high flow within the surface water source 
systems; the resultant sediment release during high flows has triggered boil water advisories in 
the past. The District Water Supply Strategy (Squamish Engineering, 2007) stated that boil 
water advisories are issued when the turbidity of the water exceeds 5 NTU’s. These are factors to 
take into consideration for the likelihood of obtaining a filtration exclusion or deferral for the 
Stawamus River surface water source. 

The BC Drinking Water Protection Act allows for some cases of filtration exclusion or deferral. In 
order to qualify, a major guideline is that the water supply not exceed 1 NTU. KWL’s Stawamus 
Surface Water Disinfection Concept (2014) previously looked into the District qualifying for this 
exclusion. Since the Stawamus River source supply is intended for use as a secondary source to 
the Powerhouse Springs well field source, there is a possibility of obtaining an exclusion for peak 
operating months (July and August). 

Turbidity is generally highest during heavy rainfall following a dry period, and while there are 
some cases of NTU exceedance, these periods do not typically coincide with peak demand 
periods in the District (July and August). For comparison, the District has provided turbidity 
data for all of 2011, and in 2013 from January to August. In 2011, turbidity exceeded 1 NTU once 
in June and once again in December. In 2013, turbidity exceeded 1 NTU twice in January.   

Assuming that the application for filtration exclusion is successful, development of the 
Stawamus River surface water source for long term use when turbidity is less than 1 NTU is a 
viable option.  

This study provides a cost estimate for the UV treatment required in section 3.3 of the report. 

3 Source Development 

The following section reviews the technical requirements necessary to utilize the aforementioned 
water sources as a potable water supply to support the existing Powerhouse Springs supply. 
Costs are based on a future required maximum day demand flow of 305 L/s. Costs do not include 
any pre-design studies, such as source capacity studies and water quality studies.  

For all options reviewed in this memorandum, it is assumed that Powerhouse Springs will 
continue to be the primary source of potable water for the District. Therefore, source supply 
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options have been assessed for providing an additional 55 L/s to supplement the current 
Powerhouse Springs practical output capacity of 250 L/s.  

Figure 3-1 depicts the proposed sites for each option. Figure 3-2 illustrates a hydraulic schematic 
of the District’s water system with the new infrastructure required under each option.  
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3.1 Powerhouse Springs Well Field 

Additional development of the Powerhouse Springs well field would require the construction of a 
new well and associated appurtenances, along with additions to the control building. The added 
capacity would provide for the additional demand required without the need for additional 
storage on-site. Future storage requirements form part of the overall system capacity upgrade 
requirements, and are addressed in the 2014 Water Master Plan. 

Capital costs for the well expansion upgrades at Powerhouse Springs are provided in the 
following table. A detailed cost breakdown is included in Appendix A. 

Table 3-1  
Cost Estimate for Powerhouse Springs 

Item # Description Unit Price 

3.1 Powerhouse Springs Well Field Upgrade 

3.1.1 Supply and install a new well, with one 75 HP pump, and all 
appurtenances and connections to power grid.  L. Sum $313,945 

3.1.2 Upgrades to control building, including user interface, installing MCC 
including UFDs, and all appurtenances L. Sum $59,200 

Subtotal   $373,145 

Contractor OH&P (10%)   $37,315 

Contingency (30%)   $111,944 

Engineering (25%)   $93,286 

TOTAL   $615,689 

Annual O&M   $192,735 

17 year LCC (7% discount rate)   $2,480,819 

 
Unit costs were developed from previous studies, mainly the 1999 Water Source Development 
Site Assessment of Mamquam River and Powerhouse Springs and updated to present costs using 
ENR values. Wherever possible, recent similar Opus DK projects were used to compare and 
update costs. Replacement and rehabilitation costs are based on the District’s financial records, 
in particular the report entitled ‘Revenue and Expense (Multiple Segments) Without 
Encumbrance for Fiscal Year 2014, Period 1 to 12 and Budget Cycle FINAL’. General operation 
and maintenance was taken as 3% of the capital costs for the well and control building upgrade. 
Annual operations and maintenance costs are included for the entire well field, including the 
existing seven (7) wells in addition to the proposed well. The annual power consumption was 
calculated using a future Average Day Demand of 196.3 L/s, providing water to meet a daily 
demand of 17 ML/d. An additional cost not included above is for increasing the allowable permit 
withdrawal to meet future Maximum Day Demand.   

3.2 Mamquam River Well Field 

For the purpose of comparison, it is assumed that the Powerhouse Springs well field would 
continue to operate as the primary source of potable water, with the Mamquam River well field 
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acting as a secondary supply source. Therefore, the well field has been sized for two (2) wells, 
each with one (1) 50 HP pump to provide a combined  55 L/s under maximum day demand to 
support the 250 L/s capacity of Powerhouse Springs, for a total delivery of 305 L/s. The primary 
well is housed inside the control building with the second well located outside for redundancy.  

Operations and maintenance costs are calculated for both well fields, including the existing 
seven (7) wells at Powerhouse Springs, in addition to the proposed Mamquam River well field. 
There is the possibility of expanding the Mamquam River well field in the future.  

The design of the well field is based on the recommended option for developing the Mamquam 
River well field in the 1999 Water Source Development Site Assessment of Mamquam River and 
Powerhouse Springs. Since the site is located on the Mamquam River flood plain, flood 
protection will be required for the exterior well and control building. The cost estimates in Table 
3-2 reflect the additional costs of flood protection and erosion control. 

In addition to the wells and control building, the construction of a raw water transmission main 
approximately 1,400 m long would be required to connect to the existing North Stawamus 
Supply Main. Due to the low elevation of the well field and the subsequently high pumping 
requirements, a 1 ML enclosed storage reservoir and booster pump station have been included in 
the design estimates of this option. Raw water would be chlorinated at the control building 
before being delivered to the storage reservoir. The booster pump station would deliver water to 
the Lower University Storage Reservoir by tying into the North Stawamus Supply Main.   

The proposed well field is located on Municipal land. The booster pump station placed at a 
higher elevation is on private property, and will require land acquisition. As well, the 1400 m 
watermain routed along Garibaldi Park Access Road will require land acquisition. It is to our 
understanding that the District has been in talks with the local private land owner and it seems 
unlikely permission will be granted for acquiring the land required.  

Capital costs for the new well field at Mamquam River is provided in the following table. A 
detailed cost breakdown is included in Appendix A. Figure 3-3 below provides a high level site 
plan for the proposed Mamquam Well Field. 
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Table 3-2 
Cost Estimate for Mamquam River 

Item # Description Unit Price 

3.2 Mamquam Well Field 

3.2.1 Supply and install two new wells, with one 50 HP pump each, and all 
appurtenances and connections to power grid.  L. Sum $639,000 

3.2.2 
Construct control building, providing floodproofing, erosion control, 
heating and lighting, user interface, chlorination system, installing MCC 
including UFD's, and all appurtenances 

L. Sum $555,400 

3.2.3 
Supply and install 1400 m of 450 mm watermain with all tie-ins and 
appurtenances to connect to storage reservoir and the North Stawamus 
Supply Main 

L. Sum $1,619,600 

3.2.4 
Supply and install a booster pump station, including heating  and 
lighting, user interface, two 50 HP pumps (1 duty, 1 standby), connection 
to power grid, and all appurtenances 

L. Sum $1,021,100 

3.2.5 Construct a 1 ML enclosed storage reservoir, with all associated 
earthworks and site preparation L. Sum $1,200,000 

3.2.6 Land Acquisition for the booster pump station and 450 mm watermain L. Sum $220,000 

Subtotal   $5,255,100 

Contractor OH&P (10%)   $525,510 

Contingency (30%)   $1,576,530 

Engineering (25%)   $1,313,775 

TOTAL   $8,670,915 

Annual O&M   $255,200 

17 year LCC (7% discount rate)   $11,112,351 

 
Unit costs were developed from previously studies, mainly the 1999 Water Source Development 
Site Assessment of Mamquam River and Powerhouse Spring, and updated to present costs using 
ENR values. The cost of the control building was increased by 20% to account for erosion 
control. Wherever possible, recent similar Opus DK projects were used to compare and update 
costs. Replacement and rehabilitation costs, as well as chlorination costs, are based on the 
District’s financial records. General operation and maintenance was taken as 3% of the capital 
costs for the well and control building. Annual operations and maintenance costs are included 
for the entire source supply, including the existing seven (7) wells at Powerhouse Springs in 
addition to the proposed Mamquam River wells. The annual power demand was calculated using 
a projected average daily demand of 17 ML/d. The proposed well field is easily accessible from 
Mamquam Road, therefore no cost estimate for the construction of an access road is provided. 
An additional cost not included above is for the required withdrawal permit for the well field.  
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3.3 Stawamus River Surface Water Treatment 

The existing water license allows for a withdrawal from the Stawamus River of 132 L/s. For the 
purposes of comparison, it is assumed that the Powerhouse Springs well field would continue to 
operate as the primary source of potable water, with the Stawamus River surface water source 
sized to provide 132 L/s of treated potable water during maximum day demand.  

Developing the Stawamus River surface water source will require the addition of a UV 
disinfection facility and a 1 ML enclosed reservoir. For the purpose of this study, the 2014 
Surface Water Disinfection Concept report was consulted for design considerations. Although 
the Ultraviolet Light Transmittance (UVT) of the raw water is unknown, other indicators such as 
colour, dissolved organic carbon, and turbidity were low in two water samples taken from the 
Stawamus River and Powerhouse Springs water sources in November 2011 and January 2013. 
This information was provided by the District for the purpose of the 2014 Surface Water 
Disinfection Concept report. Given this information, cost estimates for the UV facility taken from 
the report are for the 70% Design UVT.  

The report recommended a new reservoir downstream of the chlorination facility, as the travel 
time from the chlorination point to the first service downstream (400 m) was insufficient to 
provide adequate chlorination contact time to achieve 4-log disinfection. The 2014 New 
Reservoir Strategic Location Assessment report was consulted for the conceptual design of a 1 
ML reservoir at this location, solely for cost considerations. Proper sizing and locations of 
reservoirs to supply balanced storage throughout the system is beyond the scope of the source 
review and is addressed in the 2014 Water Master Plan. Two 500 mm watermains are required 
to connect the reservoir and UV facility to the existing system, though expanding access roads is 
not required.  

Capital cost estimates for the new treated surface water supply at the Stawamus River are 
provided in the following table. A detailed cost breakdown is included in Appendix A. 
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Table 3-3 
Cost Estimate for Stawamus River 

Item # Description Unit Price 
3.3 Stawamus River Surface Water Source 

3.3.1 UV disinfection at Stawamus River surface water treatment plant L. Sum $691,000 

3.3.2 Construct a 1 ML enclosed storage reservoir, with all associated 
earthworks and site preparation L. Sum $1,200,000 

3.3.2 Construct two 500 mm watermains (220 m total) to connect the reservoir 
and UV facility to the existing distribution system. L. Sum $154,000 

Subtotal   $2,045,000 

Contractor OH&P (10%)   $204,500 

Contingency (30%)   $613,500 

Engineering (25%)   $511,250 

TOTAL   $3,374,250 

Annual O&M   $265,164 

17 year LCC (7% discount rate)   $5,950,656 

 
Unit costs were developed from recent project experience. Costs were developed for a 132 L/s UV 
treatment plant. No additional chlorination costs were considered. Power supply estimates were 
based on similar projects. Operations and maintenance costs were estimated by taking the 
median value of typical Canadian salary ranges for required personnel (detailed in Appendix A). 
A high level site-plan is provided in Figure 3-4.  
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4 Discussion & Recommendations 

Benefits and drawbacks to each option have been summarized in Table 4-1 below.  

Table 4-1 
Source Development Options Comparison 

Source 
Development 

Option 
Benefits Drawbacks 

Powerhouse 
Springs Well 

Field 

 Efficiencies in operation, maintenance, 
and power consumption by having only 
one source supply. 

 At higher elevation than proposed 
Mamquam Well Field site, therefore 
reduced power costs 

 No new major infrastructure (reservoirs, 
watermains, treatment facilities, etc.), 
and no land acquisition required, 
therefore low capital costs in upgrading 
the facility 

 Supply could be available to higher 
pressure zones than if Stawamus River 
surface water source developed 

 Limited supply redundancy by relying on 
only one source supply. 

 Environmental considerations for 
sustainable aquifer withdrawal. 

 Additional permitting for withdrawal 
required. 

Mamquam 
River Well 

Field 

 Supply redundancy through second 
source supply. 

 High supply security compared to 
Stawamus River, during peak demand 
periods. 

 Supply could be available to higher 
pressure zones than if Stawamus River 
surface water source developed. 

 Flood damage potential, incurs higher costs 
and risk of damage. 

 Higher capital costs than upgrading 
Powerhouse Springs due to no existing 
infrastructure in area. 

 Land acquisition required, and availability 
of land is uncertain. 

 Environmental considerations for 
sustainable aquifer withdrawal. 

 Additional costs of assessing current water 
quality and quantity.  

 Permitting for withdrawal required. 

Stawamus 
River Surface 
Water Source 

 Supply redundancy through secondary 
source supply. 

 Lower power costs due to gravity fed 
supply lines 

 No additional permitting for withdrawal 
required.  

 No land acquisition required. 

 Low supply security during summer 
months during peak demand 

 High capital costs for UV disinfection 
facility and reservoir, and requires 
additional yearly costs for operations and 
maintenance and staffing.  

 Environmental considerations for fish 
habitats 

 Cannot supply to high pressure zones 

 
The costs for each strategy are summarized in Table 4-2. Expanding the existing Powerhouse 
Springs well field is the most cost effective option. The Stawamus River surface water source is 
the second-most viable option, provided that an application for filtration exclusion is successful. 
Due to the high capital cost of infrastructure development and land acquisition required 
compared to the other options, along with the uncertainty of the supply source and flood damage 
potential, it is not recommended that the Mamquam River well field be further considered as a 
future supply source at this time.  





 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A – Cost Estimates



 

 
 

Long Term Source Development Options 
Powerhouse Springs Well Field 

ITEM DESCRIPTION QTY. UNIT UNIT 
PRICE 

TOTAL 
PRICE 

1 WELL DEVELOPMENT         

1.1 Drilling, installing and commissioning of well   L. Sum $82,400 $82,400 
1.2 Supply and installation one 75 HP duty pump 1 ea $106,400 $106,400 
1.3 Supply and install piping, valving, and appurtenances   L. Sum $54,000 $54,000 

1.4 
Connection to power grid (350 m underground conduit to BC 
Hydro)   L.Sum $71,145 $71,145 

2 CONTROL BUILDING EXPANSION/DEVELOPMENT         

2.1 Supply and install additional SCADA and PLC user interface   L. Sum $16,500 $16,500 

2.2 
Supply and install piping, valving, flow metering, and 
appurtenances   L.Sum $19,700 $19,700 

2.3 Supply and install MCC, including UFDs   L. Sum $23,000 $23,000 
  Subtotal       $373,145 
  10% Contractor OH&P       $37,315 
  30% Contingency       $111,944 
  25% Engineering       $93,286 

  Total       $615,689 

3 ANNUAL OPERATIONS & MAINTENANCE         

3.1 Average annual power supply  L.Sum 51,755 $51,755 

3.2 
Annual replacement/rehabilitation costs (reservoirs and 
wells)   L. Sum $80,000 $80,000 

3.3 Chlorination/water treatment   L. Sum $42,500 $42,500 

3.4 
General O&M (est. 3% of capital cost for additional well and 
control building)   L. Sum $18,480 $18,480 

  Total Annual O&M Costs (including present PHS well field)       $192,735 

  Net Present Value (7% discount rate)       $1,865,130 

  17 year LCC (2015-2031)       $2,480,819 
 

  



 

 

Page 22 
 

 
Long Term Source Development Options 

Mamquam River Well Field 

ITEM DESCRIPTION QTY. UNIT UNIT COST TOTAL 
PRICE 

1 WELL DEVELOPMENT         

1.1 
Drilling, installing and commissioning of two 
wells, with flood protection   L. Sum $180,800 $180,800 

1.2 Supply and install two 50 HP duty pump 1 ea $354,500 $354,500 

1.3 
Supply and install piping, valving, and 
appurtenances   L. Sum $103,700 $103,700 

2 CONTROL BUILDING EXPANSION/DEVELOPMENT         
2.1 Building structure above floodplain elevation   L. Sum $350,000 $350,000 

2.2 
Supply and install piping, valving and 
appurtenances   L. Sum $9,200 $9,200 

2.3 Supply and install heating and lighting   L. Sum $9,900 $9,900 
2.4 Supply and install SCADA and PLC user interface   L. Sum $49,300 $49,300 

2.5 
Supply and install chlorination system with 
pumps, tanks and piping   L. Sum $24,700 $24,700 

2.6 Supply and install MCC, including UFDs   L. Sum $49,300 $49,300 
2.7 Erosion control     $29,600 $29,600 

2.8 
Connection to power grid (150 m conduit to BC 
Hydro)   L. Sum $33,400 $33,400 

3 RAW WATER TRANSMISSION MAIN         

3.1 

1400 m of 450 mm watermain to connect well 
field to storage reservoir and North Stawamus 
Supply Main 1560 m $600 $936,000 

3.3 
Supply and install all tie-ins, valves and 
appurtenances   L. Sum $683,600 $683,600 

4 BOOSTER PUMP STATION         
4.1 Building Structure/Sitework   L.Sum $106,400 $106,400 

4.2 
Supply and install piping, valving and 
appurtenances   L.Sum $103,700 $103,700 

4.3 Supply and install heating and lighting   L.Sum $9,900 $9,900 
4.4 Supply and install SCADA and PLC user Interface   L.Sum $49,300 $49,300 
4.5 Supply and install one 50 HP duty pump   ea $354,500 $354,500 
4.6 Supply and install one 50 HP standby pump   ea $354,500 $354,500 

4.7 
Connection to power grid (200 m underground 
conduit to BC Hydro)   L.Sum $42,800 $42,800 

5 RAW WATER STORAGE RESERVOIR         

5.1 
Enclosed storage reservoir (including earthworks 
& site preparation) 1 ML 

 $  
1,200,000.00  $1,200,000 



Long Term Source Development Options 
Mamquam River Well Field (Cont’d) 

 

 
 

ITEM DESCRIPTION QTY. UNIT UNIT COST TOTAL 
PRICE 

6 LAND ACQUISITION         

6.1 Booster Pump Station (1600 square meters) 1600 Sq.m. 
 $                
50.00  $80,000 

6.2 

1400 m of 450 mm watermain to connect well 
field to storage reservoir and North Stawamus 
Supply Main (assume 2 m clearance width) 2800 Sq.m. 

 $                
50.00  $140,000 

  Subtotal       $5,255,100 
  10% Contractor OH&P       $525,510 
  30% Contingency       $1,576,530 
  25% Engineering       $1,313,775 
  Total       $8,670,915 

6 ANNUAL OPERATIONS & MAINTENANCE         
6.1 Average annual power supply (PHS + MWF)   kW-hr $65,752 $65,800 
6.2 Operations & Maintenance - Plant Operator 0.5 $/year $62,000.00 $31,000 

6.3 
Annual replacement/rehabilitation costs 
(reservoir and wells)   L. Sum $80,000.00 $80,000 

6.4 Chlorination/water treatment   L. Sum $42,500.00 $42,500 

6.5 
General O&M (est. 3% of capital cost for wells 
and control building)   L. Sum $35,900 $35,900 

  
Total Annual O&M Costs (including present PHS 

well field)       $255,200 
  Net Present Value (7% discount rate)       $2,441,436 
  17 year LCC (2015-2031)       $11,112,351 

 



 

 

 
 

Long Term Source Development Options 
Stawamus River & Mashiter Creek Surface Water Sources 

ITEM DESCRIPTION QTY. UNIT UNIT PRICE TOTAL 
PRICE 

1 UV Disinfection at Stawamus River (70% UVT Design)        
1.1 UV Disinfection Facility - Site Work   L. Sum $51,000 $51,000 
1.2 UV Disinfection Building   L. Sum $176,300 $176,300 
1.3 Equipment   L. Sum $163,000 $163,000 
1.4 Mechanical   L. Sum $122,300 $122,300 
1.5 Electrical   L. Sum $132,500 $132,500 
1.6 Mobilization & Demobilization   L. Sum $32,600 $32,600 
1.7 Insurance and Bonding   L. Sum $13,300 $13,300 

2 RAW WATER STORAGE RESERVOIR         

2.1 
Enclosed storage reservoir (including earthworks & 
site preparation) 1 ML $1,200,000 $1,200,000 

3 RAW WATER TRANSMISSION MAIN         

3.1 
220 m of 500 mm watermains to connect reservoir 
and UVT facility to existing system 220 m  $700 $154,000 

  Subtotal       $2,045,000 
  10% Contractor OH&P       $204,500 
  30% Contingency       $613,500 
  25% Engineering       $511,250 
  Total       $3,374,250 

3 Annual Operations & Maintenance (both facilities)        
3.1 Annual average power supply (PHS + UV)   L. Sum $50,264 $50,264 
3.2 Operations & Maintenance - Plant Operator 0.5 $/year $62,000 $31,000 
3.3 General O&M (est. 3% of capital cost for UV Facility)   L. Sum $61,400 $61,400 

3.4 
Annual replacement/rehabilitation costs (existing 
wells)   L. Sum $80,000 $80,000 

3.5 Chlorination/water treatment (PHS)   L. Sum $42,500 $42,500 
  Total Annual O&M Costs       $265,164 
  Net Present Value (7% discount rate)       $2,576,406 
  17 year LCC (2015-2031)       $5,950,656 

 
 



Long Term Source Development Options
Detailed Power Consumption Calculations

Design Variables Power Costs & Variables
ADD BC HYDRO - Large General Service

2013 122.0 L/s Basic Charge 0.2129$        /d
2031 196.3 L/s Demand Charge - first 35 kW -$               /kW

Demand Charge - next 115 kW 5.1900$        /kW
PHS capacity (existing) 255.0 L/s Demand Charge - remaining kW 9.9500$        /kW
Upgrade capacity 50.0 L/s

Energy Charge Pt 1
TWL Lower University Blvd. Reservoir 134.6 m 0.1010$        /kWh
Powerhouse Springs well elevation 90 m 0.0486$        /kWh
Mamquam Wells ground elevation 10 m Energy Charge Pt 2 
TWL Mamquam Tank 66 m 0.0971$        /kWh Usage or savings beyond 20% of baseline are based on Part 1 prices
Volume Mamquam Tank 1 ML
PHS Diameter 450 mm Power Factor Surcharge - assumed compliance. See Electric Tariff, Section 7.2 for details
Mamquam Wells Diameter 300 mm
PHS Length 520 m Discounts If entitled to both discounts, 1.5% discount applied first
Mamquam Wells Length 700 m 1.5% entire bill
C-Factor 130
Design Flow (MDD) 305.0 L/s 0.25$             /kW
Specific Gravity 1.0
Pump Efficiency 0.8 Monthly Minimum Charge 50% of highest max demand charge billed in any month within an on-peak period (Nov 1 - Mar 31 inclusive) during the preceding 11 months

Minimum Energy Charge 0.0311$        /kWh when the Energy Charge (Part 1 & 2) divided by the total kwh is less than $0.311 per kWh
Current Capacity Powerhouse Springs Rate Rider 5% Rate Rider applied to all charges, before taxes and levies

Allowable 255 L/s
Maximum Yield 275 L/s *Baseline is average historical use for the same billing period over the past 3 years. If you use less energy than baseline, you receive a credit, otherwise you get a charge.

Current Capacity Stawamus River
Allowable 131.5 L/s

Maximum Yield 129 L/s

$51,755.05
$488,710.57 Upgrade Year

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
ADD [L/s] 122.0 126.1 130.3 134.4 138.5 142.6 146.8 150.9 155.0 159.2 163.3 167.4 171.5 175.7 179.8 183.9 188.0 192.2 196.3

Daily Demand [ML/d] 10.5 10.9 11.3 11.6 12.0 12.3 12.7 13.0 13.4 13.8 14.1 14.5 14.8 15.2 15.5 15.9 16.2 16.6 17.0
BASELINE PHS

Headloss [m] 0.7 0.7 0.8 0.8 0.8 0.9 0.9 1.0 1.0 1.1 0.7 0.7 0.7 0.8 0.8 0.8 0.9 0.9 1.0
Total Dynamic Head [m] 45.3 45.3 45.4 45.4 45.4 45.5 45.5 45.6 45.6 45.7 45.3 45.3 45.3 45.4 45.4 45.4 45.5 45.5 45.6

Total Horsepower [HP] 90.7 93.8 97.0 100.2 103.3 106.5 109.7 112.9 116.2 119.4 91.0 93.4 95.7 98.1 100.5 102.9 105.3 107.7 110.1
UPGRADE - PHS

Headloss [m] - - - - - - - - - - 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total Dynamic Head [m] - - - - - - - - - - 44.7 44.7 44.7 44.7 44.7 44.7 44.7 44.7 44.7

Total Horsepower [HP] - - - - - - - - - - 29.9 30.7 31.5 32.2 33.0 33.7 34.5 35.3 36.0
Power usage by pumps [kW] 67.6 70.0 72.3 74.7 77.1 79.4 81.8 84.2 86.6 89.0 90.2 92.5 94.9 97.2 99.5 101.9 104.2 106.6 109.0
Daily Power Usage [kW-hr/d] 1,622.52 1,679.00 1,735.63 1,792.41 1,849.35 1,906.45 1,963.71 2,021.15 2,078.76 2,136.55 2,164.68 2,220.63 2,276.67 2,332.80 2,389.03 2,445.34 2,501.75 2,558.26 2,614.87
Monthly Power Usage [kW-hr/month] 48,675.74 50,370.04 52,068.84 53,772.25 55,480.39 57,193.39 58,911.37 60,634.46 62,362.78 64,096.45 64,940.26 66,618.91 68,300.19 69,984.14 71,670.83 73,360.31 75,052.63 76,747.84 78,446.01
Baseline [kW-hr/month] 48,675.74     48,675.74$     49,240.51     50,371.54     52,070.38     53,773.82     55,482.01     57,195.05     58,913.08     60,636.21     62,364.56     63,799.83     65,218.54     66,619.78     68,301.08     69,985.05     71,671.76     73,361.26     75,053.59     
Threshold usage above or below baseline 
[kW-hr/month] 9,735.15       9,735.15         9,848.10       10,074.31     10,414.08     10,754.76     11,096.40     11,439.01     11,782.62     12,127.24     12,472.91     12,759.97     13,043.71     13,323.96     13,660.22     13,997.01     14,334.35     14,672.25     15,010.72     
Usage Difference -Monthly to Baseline 0% 3% 6% 7% 7% 6% 6% 6% 6% 6% 4% 4% 5% 5% 5% 5% 5% 5% 5%
Annual Power Supply [kW-hr] 592,221.45 612,835.54 633,504.21 654,229.00 675,011.40 695,852.92 716,755.06 737,719.31 758,747.16 779,840.08 790,106.46 810,530.08 830,985.61 851,473.73 871,995.11 892,550.41 913,140.30 933,765.43 954,426.45
Basic Charge $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39
Demand Charge [$/kW] $169.22 $181.43 $193.68 $205.96 $218.27 $230.62 $243.00 $255.42 $267.88 $280.38 $286.46 $298.56 $310.68 $322.82 $334.98 $347.16 $359.35 $371.57 $383.81
Energy Charge Part 1 $3,141.16 $3,141.16 $3,168.61 $3,223.58 $3,306.14 $3,388.93 $3,471.95 $3,555.20 $3,638.70 $3,722.44 $3,806.44 $3,876.19 $3,945.14 $4,013.24 $4,094.95 $4,176.79 $4,258.77 $4,340.88 $4,423.12
Energy Charge Part 2 $0.00 $164.52 $274.63 $330.21 $331.11 $332.04 $332.99 $333.97 $334.97 $335.99 $250.10 $273.73 $299.23 $326.68 $327.20 $327.74 $328.28 $328.84 $329.40
Discounts -$66.65 -$69.89 -$72.73 -$75.16 -$77.19 -$79.23 -$81.27 -$83.32 -$85.37 -$87.43 -$87.79 -$89.95 -$92.14 -$94.34 -$96.34 -$98.34 -$100.35 -$102.36 -$104.38
Monthly Minimum Charge $169.22 $181.43 $193.68 $205.96 $218.27 $230.62 $243.00 $255.42 $267.88 $280.38 $286.46 $298.56 $310.68 $322.82 $334.98 $347.16 $359.35 $371.57 $383.81
Minimum Energy Charge $3,141.16 $3,305.68 $3,443.24 $3,553.79 $3,637.25 $3,720.97 $3,804.94 $3,889.17 $3,973.66 $4,058.43 $4,056.54 $4,149.92 $4,244.37 $4,339.92 $4,422.16 $4,504.53 $4,587.05 $4,669.71 $4,752.53
Total Monthly $3,250.12 $3,423.61 $3,570.58 $3,690.97 $3,784.72 $3,878.75 $3,973.06 $4,067.66 $4,162.56 $4,257.76 $4,261.60 $4,364.92 $4,469.30 $4,574.79 $4,667.18 $4,759.73 $4,852.44 $4,945.31 $5,038.35
Total Yearly (before tax) $39,001.39 $41,083.29 $42,846.93 $44,291.61 $45,416.62 $46,544.94 $47,676.68 $48,811.90 $49,950.69 $51,093.13 $51,139.15 $52,379.02 $53,631.60 $54,897.48 $56,006.17 $57,116.76 $58,229.27 $59,343.74 $60,460.21

Option 1 - Powerhouse Springs Well Field Upgrade 
Average (2015-2031) =

NPV (discount rate = 7%)=

20% above or below baseline

Metered at primary potential
Customer supplies transformation from 

primary to secondary potential

remaining kw-hr up to baseline
first 14,800 kW-hr



$65,752.31
$592,281.61 Upgrade Year

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
ADD [L/s] 122.0 126.1 130.3 134.4 138.5 142.6 146.8 150.9 155.0 159.2 163.3 167.4 171.5 175.7 179.8 183.9 188.0 192.2 196.3

Daily Demand [ML/d] 10.5 10.9 11.3 11.6 12.0 12.3 12.7 13.0 13.4 13.8 14.1 14.5 14.8 15.2 15.5 15.9 16.2 16.6 17.0
BASELINE PHS

Headloss [m] 0.7 0.7 0.8 0.8 0.8 0.9 0.9 1.0 1.0 1.1 1.2 0.7 0.7 0.8 0.8 0.8 0.9 0.9 1.0
Total Dynamic Head [m] 45.3 45.3 45.4 45.4 45.4 45.5 45.5 45.6 45.6 45.7 45.8 45.3 45.3 45.4 45.4 45.4 45.5 45.5 45.6

Total Horsepower [HP] 90.7 93.8 97.0 100.2 103.3 106.5 109.7 112.9 116.2 119.4 122.6 93.4 95.7 98.1 100.5 102.9 105.3 107.7 110.1
UPGRADE - MWF - 1 ML Reservoir

Headloss [m] - - - - - - - - - - 0.9 0.9 0.9 1.0 1.0 1.1 1.1 1.2 1.2
Total Dynamic Head [m] - - - - - - - - - - 56.9 56.9 56.9 57.0 57.0 57.1 57.1 57.2 57.2

Total Horsepower [HP] - - - - - - - - - - 38.1 39.1 40.1 41.1 42.1 43.1 44.1 45.1 46.1
UPGRADE - 1ML Reservoir - Lower University 
Blvd. Reservoir

Headloss [m] - - - - - - - - - - 0.9 0.9 0.9 1.0 1.0 1.1 1.1 1.2 1.2
Total Dynamic Head [m] - - - - - - - - - - 69.5 69.5 69.5 69.6 69.6 69.7 69.7 69.8 69.8

Total Horsepower [HP] - - - - - - - - - - 46.5 47.7 48.9 50.2 51.4 52.6 53.8 55.0 56.2
Power usage by pumps [kW] 67.6 70.0 72.3 74.7 77.1 79.4 81.8 84.2 86.6 89.0 154.6 134.4 137.8 141.2 144.6 148.1 151.5 154.9 158.4
Daily Power Usage [kW-hr/d] 1,622.52 1,679.00 1,735.63 1,792.41 1,849.35 1,906.45 1,963.71 2,021.15 2,078.76 2,136.55 3,709.23 3,225.14 3,306.94 3,388.90 3,471.02 3,553.30 3,635.76 3,718.38 3,801.17
Monthly Power Usage [kW-hr/month] 48,675.74 50,370.04 52,068.84 53,772.25 55,480.39 57,193.39 58,911.37 60,634.46 62,362.78 64,096.45 111,276.82 96,754.27 99,208.29 101,667.04 104,130.63 106,599.14 109,072.69 111,551.35 114,035.24
Baseline [kW-hr/month] 48,675.74     48,675.74$     49,240.51     50,371.54     52,070.38     53,773.82     55,482.01     57,195.05     58,913.08     60,636.21     62,364.56     79,245.35     90,709.18     102,413.13   99,209.86     101,668.65   104,132.27   106,600.82   109,074.40   
Threshold usage above or below baseline 
[kW-hr/month] 9,735.15       9,735.15         9,848.10       10,074.31     10,414.08     10,754.76     11,096.40     11,439.01     11,782.62     12,127.24     12,472.91     15,849.07     18,141.84     20,482.63     19,841.97     20,333.73     20,826.45     21,320.16     21,814.88     
Usage Difference -Monthly to Baseline 0% 3% 6% 7% 7% 6% 6% 6% 6% 6% 78% 22% 9% -1% 5% 5% 5% 5% 5%
Annual Power Supply [kW-hr] 592,221.45 612,835.54 633,504.21 654,229.00 675,011.40 695,852.92 716,755.06 737,719.31 758,747.16 779,840.08 1,353,868.01 1,177,176.93 1,207,034.14 1,236,948.98 1,266,922.62 1,296,956.25 1,327,051.04 1,357,208.15 1,387,428.75
Basic Charge $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39
Demand Charge [$/kW] $169.22 $181.43 $193.68 $205.96 $218.27 $230.62 $243.00 $255.42 $267.88 $280.38 $642.13 $515.79 $533.48 $551.20 $568.96 $586.75 $611.67 $645.93 $680.25
Energy Charge Part 1 $3,141.16 $3,141.16 $3,168.61 $3,223.58 $3,306.14 $3,388.93 $3,471.95 $3,555.20 $3,638.70 $3,722.44 $3,806.44 $4,626.84 $5,183.99 $5,716.54 $5,597.12 $5,716.62 $5,836.35 $5,956.32 $6,076.54
Energy Charge Part 2 $0.00 $164.52 $274.63 $330.21 $331.11 $332.04 $332.99 $333.97 $334.97 $335.99 $3,588.26 $2,389.88 $825.26 -$72.44 $477.81 $478.75 $479.71 $480.70 $481.70
Discounts -$66.65 -$69.89 -$72.73 -$75.16 -$77.19 -$79.23 -$81.27 -$83.32 -$85.37 -$87.43 -$159.29 -$146.68 -$132.68 -$128.33 -$135.91 -$138.84 -$141.88 -$145.07 -$148.27
Monthly Minimum Charge $169.22 $181.43 $193.68 $205.96 $218.27 $230.62 $243.00 $255.42 $267.88 $280.38 $642.13 $515.79 $533.48 $551.20 $568.96 $586.75 $611.67 $645.93 $680.25
Minimum Energy Charge $3,141.16 $3,305.68 $3,443.24 $3,553.79 $3,637.25 $3,720.97 $3,804.94 $3,889.17 $3,973.66 $4,058.43 $7,394.69 $7,016.72 $6,009.25 $5,644.09 $6,074.93 $6,195.37 $6,316.06 $6,437.02 $6,558.23
Total Monthly $3,250.12 $3,423.61 $3,570.58 $3,690.97 $3,784.72 $3,878.75 $3,973.06 $4,067.66 $4,162.56 $4,257.76 $7,883.93 $7,392.22 $6,416.43 $6,073.35 $6,514.36 $6,649.67 $6,792.24 $6,944.26 $7,096.61
Total Yearly (before tax) $39,001.39 $41,083.29 $42,846.93 $44,291.61 $45,416.62 $46,544.94 $47,676.68 $48,811.90 $49,950.69 $51,093.13 $94,607.14 $88,706.61 $76,997.14 $72,880.25 $78,172.32 $79,795.98 $81,506.87 $83,331.10 $85,159.27

$50,263.77
$478,289.48 Upgrade Year

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
ADD [L/s] 122.0 126.1 130.3 134.4 138.5 142.6 146.8 150.9 155.0 159.2 163.3 167.4 171.5 175.7 179.8 183.9 188.0 192.2 196.3

Daily Demand [ML/d] 10.5 10.9 11.3 11.6 12.0 12.3 12.7 13.0 13.4 13.8 14.1 14.5 14.8 15.2 15.5 15.9 16.2 16.6 17.0
BASELINE PHS

Headloss [m] 0.7 0.7 0.8 0.8 0.8 0.9 0.9 1.0 1.0 1.1 0.7 0.7 0.7 0.8 0.8 0.8 0.9 0.9 1.0
Total Dynamic Head [m] 45.3 45.3 45.4 45.4 45.4 45.5 45.5 45.6 45.6 45.7 45.3 45.3 45.3 45.4 45.4 45.4 45.5 45.5 45.6

Total Horsepower [HP] 90.7 93.8 97.0 100.2 103.3 106.5 109.7 112.9 116.2 119.4 91.0 93.4 95.7 98.1 100.5 102.9 105.3 107.7 110.1
UPGRADE - Stawamus River WTP

UV Facility (kW) - - - - - - - - - - 19.00             20.00             20.00             20.00             20.00             20.00             20.00             20.00             20.00             
Power usage by pumps [kW] 67.6 70.0 72.3 74.7 77.1 79.4 81.8 84.2 86.6 89.0 86.9 89.6 91.4 93.2 94.9 96.7 98.5 100.3 102.1
Daily Power Usage [kW-hr/d] 1,622.52 1,679.00 1,735.63 1,792.41 1,849.35 1,906.45 1,963.71 2,021.15 2,078.76 2,136.55 2,084.79 2,151.14 2,193.58 2,236.11 2,278.72 2,321.42 2,364.22 2,407.10 2,450.08
Monthly Power Usage [kW-hr/month] 48,675.74 50,370.04 52,068.84 53,772.25 55,480.39 57,193.39 58,911.37 60,634.46 62,362.78 64,096.45 62,543.65 64,534.33 65,807.53 67,083.29 68,361.68 69,642.73 70,926.51 72,213.06 73,502.45
Baseline [kW-hr/month] 48,675.74     48,675.74$     49,240.51     50,371.54     52,070.38     53,773.82     55,482.01     57,195.05     58,913.08     60,636.21     62,364.56     63,000.96     63,724.81     64,295.17     65,808.38     67,084.17     68,362.57     69,643.64     70,927.43     
Threshold usage above or below baseline 
[kW-hr/month] 9,735.15       9,735.15         9,848.10       10,074.31     10,414.08     10,754.76     11,096.40     11,439.01     11,782.62     12,127.24     12,472.91     12,600.19     12,744.96     12,859.03     13,161.68     13,416.83     13,672.51     13,928.73     14,185.49     
Usage Difference -Monthly to Baseline 0% 3% 6% 7% 7% 6% 6% 6% 6% 6% 0% 2% 3% 4% 4% 4% 4% 4% 4%
Annual Power Supply [kW-hr] 592,221.45 612,835.54 633,504.21 654,229.00 675,011.40 695,852.92 716,755.06 737,719.31 758,747.16 779,840.08 760,947.72 785,167.70 800,658.27 816,180.06 831,733.73 847,319.89 862,939.20 878,592.28 894,279.76
Basic Charge $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39 $6.39
Demand Charge [$/kW] $169.22 $181.43 $193.68 $205.96 $218.27 $230.62 $243.00 $255.42 $267.88 $280.38 $269.19 $283.53 $292.71 $301.91 $311.12 $320.36 $329.61 $338.89 $348.18
Energy Charge Part 1 $3,141.16 $3,141.16 $3,168.61 $3,223.58 $3,306.14 $3,388.93 $3,471.95 $3,555.20 $3,638.70 $3,722.44 $3,806.44 $3,837.37 $3,872.55 $3,900.27 $3,973.81 $4,035.81 $4,097.94 $4,160.20 $4,222.59
Energy Charge Part 2 $0.00 $164.52 $274.63 $330.21 $331.11 $332.04 $332.99 $333.97 $334.97 $335.99 $17.39 $148.89 $202.23 $270.73 $247.92 $248.44 $248.96 $249.49 $250.03
Discounts -$66.65 -$69.89 -$72.73 -$75.16 -$77.19 -$79.23 -$81.27 -$83.32 -$85.37 -$87.43 -$83.21 -$86.55 -$88.46 -$90.48 -$91.83 -$93.35 -$94.87 -$96.40 -$97.93
Monthly Minimum Charge $169.22 $181.43 $193.68 $205.96 $218.27 $230.62 $243.00 $255.42 $267.88 $280.38 $269.19 $283.53 $292.71 $301.91 $311.12 $320.36 $329.61 $338.89 $348.18
Minimum Energy Charge $3,141.16 $3,305.68 $3,443.24 $3,553.79 $3,637.25 $3,720.97 $3,804.94 $3,889.17 $3,973.66 $4,058.43 $3,823.83 $3,986.26 $4,074.78 $4,170.99 $4,221.73 $4,284.25 $4,346.90 $4,409.69 $4,472.63
Total Monthly $3,250.12 $3,423.61 $3,570.58 $3,690.97 $3,784.72 $3,878.75 $3,973.06 $4,067.66 $4,162.56 $4,257.76 $4,016.19 $4,189.63 $4,285.42 $4,388.81 $4,447.42 $4,517.65 $4,588.03 $4,658.57 $4,729.26
Total Yearly (before tax) $39,001.39 $41,083.29 $42,846.93 $44,291.61 $45,416.62 $46,544.94 $47,676.68 $48,811.90 $49,950.69 $51,093.13 $48,194.30 $50,275.54 $51,425.03 $52,665.67 $53,369.01 $54,211.75 $55,056.33 $55,902.80 $56,751.17

Assumptions
*No inflation; all rates in 2014 dollars
*Assumed after upgrade year that 1 quarter of ADD is provided by additional source, whichever it is. 2023 is the year forecasted MDD exceeds PHS current practical output capacity of 255 L/s
*Assumed no added annual costs to power for additional facilities at Mamquam Well Field or Stawamus River intake, only additional pumping for MWF, and no additional pumping for Stawamus River WTP
*Power cost for UV Facility  based on power consumption estimate from UV system manufacturer and previous project experience. 
*Baseline calculations based on BC Hydro "A Guide to the Large General Service Conservation Rate" document, last updated July 2012
*Assumed all discounts applicable

NPV (discount rate = 7%)=

Average (2015-2031) =
NPV (discount rate = 7%)=

Option 2- Powerhouse Springs + Mamquam Well Field

Option 3 - Powerhouse Springs + Stawamus River UV Facility
Average (2015-2031) =
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The District of Squamish (Squamish) engaged Opus DaytonKnight Consultants Limited (Opus 
DK) for the development of an 18 year horizon master plan for its water utility. The Water 
Master Plan will guide Squamish’s investments in potable water infrastructure and programs 
over the coming years. In the development of the Water Master Plan Opus DaytonKnight is 
analysing a water supply strategy, water rate re-structuring, metering program options, and 
water conservation program options. The analysis of metering program options and 
implementation strategy recommendations are detailed in this Technical Memorandum.  

1 Project Background 

1.1 Water Metering in Squamish 

Squamish currently runs a small scale metering program. It covers a minor portion of the 
community’s water utility customer base. The history of the current metering program begins in 
March 2005 when the topic was brought up in a Council Meeting. Investigating the value of a 
metering program was discussed at the time in light of that winters’ low precipitation levels. Staff 
were directed to bring forward a metering strategy.  

Staff have since sought grant applications to finance the first versions of the program outline and 
have amended bylaws that led to meter installations in new buildings. A public record of the 
progress made can be found in Council Meetings and Annual Reports. A summary of these 
records is captured in Table 1-1.  
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Table 1-1 
Record of Advancement on Metering Strategy 

Council 
Meeting Date 

Recommendation 

March 2005 THAT in light of the low precipitation levels during the winter, Council consider a strategy 
regarding public education and early implementation of a water conservation strategy, 
including water metering be developed. 

October 2006 THAT staff bring forward, to a meeting in November, a water metering strategy for the District 
of Squamish. 

December 
2006 

THAT Council supports an application under the Municipal Rural Infrastructure Fund for a 
Water Meter Retrofit Program in the District of Squamish, as a first step in a Water 
Conservation Strategy. 

March 2008 THAT the District of Squamish Subdivision and Development Control Amendment Bylaw No. 
1767, 2003 be amended requiring water meters to be installed with all new developments; … 

 
Within the current metering program a subset of the Industrial, Commercial and Institutional 
(ICI) customers and some large residential developments have meters built into their service 
connections. A small portion of these customers with metered service connections are billed 
according to their water usage, while the majority of these customers are charged a flat rate that 
is either based on the Water Rates Bylaw (Bylaw No.676) or on the Building Bylaw (Bylaw 
No.1822, 2004). However, wording in the current bylaws does not dictate which of the two 
documents’ specifications for water charges rules the bill calculation. 

The District has also currently installed five (5) District meters throughout its water system. 
While not part of this water meter implementation strategy review, the District meters are 
referenced as they may also work side-by-side with a water metering program to track general 
water usage to communities and are able to identify general areas of leakage within the water 
system. The current District metering system is very limited and should be considered for 
expansion alongside the chosen water meter implementation strategy at the end of this review.  

The challenges that Squamish faces in implementing a large scale metering program includes the 
water rate structure and insufficient resources to implement the program. These are documented 
below:  

 The recent 2013 water rate structure review carried out by the District was initiated as a 
response to public concerns around billing inequalities. Currently meters are being read, but 
do not lead to a metered water rate charge for most customers. The water rate challenges are 
compounded by the recent large water rate increases which have been initiated in the last 
four years from recommendations in the District’s Asset Management Plan. 

 The lack of resources for the program can be inferred from findings in the Asset Management 
Plan. Findings of this report indicate that operations and maintenance costs were generally 
lower or near benchmark rates and furthermore certain preventative maintenance programs 
were not in place. The constraints of a tight operating budget and other pressing utility 
programs that promote the care of existing assets diminish the utility’s capacity to implement 
and execute the metering program. 
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1.2 Study Objectives 

This study evaluates the business case for multiple metering program options in order to 
recommend a viable metering program and outline an implementation strategy to see it through. 
The evaluation made of each program option includes a weighting of community and utility 
organisation (Squamish) costs and benefits. Benefits that are not quantifiable were measured 
against the Mission and Values of Squamish. 

The impacts of the strategy on water conservation will also be analyzed and included in the 
overall review of each option. For example, the high costs of a universal metering program will 
be weighed against the total anticipated deferred costs of water system infrastructure 
improvements as a result of the reduction in water consumption.  

Following the selection of the water meter implementation strategy for the District, Opus 
DaytonKnight will conclude its financial analysis and rates development memorandum. This 
work will determine a water rate implementation strategy and the equitable 2015 water rates for 
the District of Squamish. 

1.3 Study Limitations 

A summary of assumptions and limitations are provided below: 

 The condition of the District’s existing installed meter chambers are unknown but assumed 
to be adequate for any metering program developments; 

 Estimates of the current meter and meter box inventory have been made with limited data;  
 It is assumed that the unaccounted for water meter inventory is technologically obsolete, 

meaning that it is not compatible with modern meter transmitters and reading technologies. 

2 Components of a Successful Metering Program  

2.1 Drivers & Benefits 

Table 2-1 summarizes the requirements of a successful metering program which should be kept 
in mind when assessing the water meter implementation strategy for the District of Squamish. 

 
Table 2-1 

Requirements of a Successful Metering Program 
Requirement Driver Benefit 

Equity Provide an equitable base for 
charging individual end-users 
for utility costs, and promote 
accountability and buy-in by 
incentivizing controlled water 
consumption. 

Controlled water usage by end-
users, emphasis on benefits-
received (users pay for benefits 
they receive) sufficient revenues to 
cover full capital and operating 
costs of utilities.  
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System 
Management 
 

Provide an analytic tool able to 
assess utility problem areas, 
including leak detection, repair 
targets, and water loss 
measures.   

Accurate water measurement, 
water use segregation for system 
planning, performance monitoring, 
improved customer service, 
improved distribution system 
operations. 

Water Loss Promote water efficiency and 
environmental stewardship 
through sustainable water 
usages. 

Source supply sustainability, 
deferred capital expansions, more 
available resources for new 
developments, reduced use and 
load on water and wastewater 
treatment facilities, energy savings, 
groundwater and/or surface water 
protection. 

Utility 
Management 

Ensure the fiscally responsible 
management of utility assets. 

Supporting additional population 
growth with existing infrastructure 
by lowering peak or annual 
demands, deferring capital 
expansion, lowered operating and 
maintenance costs for water and 
wastewater facilities. 

 
Substantial indirect financial, administrative, and other benefits from adopting metering 
programs have been demonstrated, including: 

 Deferral of capacity-related upgrades through leakage identification and control. 
 Deferral of capacity-related upgrades through consumer demand management: this benefit is 

best achieved with a rate structure and a public education program that impact consumption 
behaviors.  

 Equitable basis for utility billing:  the combination of volume-based pricing with a fixed rate 
structure is recognised as a best practice by the Canadian Water and Wastewater Association 
(CWWA). 

 Public health protection: a benefit achieved by utilising metering technology equipped with 
backflow prevention functionality. 

 Improved operational information about the water consumption characteristics. 

2.2 Metering Location, Sizing, & Technology 

Municipalities are faced with the decision of installing meters either outside the property line, or 
inside the property line. There are operational factors to consider such as who has most control 
and whether the customer is motivated to track and repair leaks. Inside installations may impede 
regular meter reading, and customers may be less inclined to report leaks between the meter and 
the property lines as this will not affect registered meter use (Pemberton, 2007). There are cost 
benefits to consider as well; installations within buildings or resident dwellings are typically less 
expensive since less excavation is required to access the service connection (Pemberton, 2007). 
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This is somewhat offset by the labour intensive routine due to inside installation, since access to 
the meter requires the presence of two District Staff for secondary witness and security reasons. 

Metering technology includes three parts: registers, transmitters, and readers. There are also 
integrated units now available on the market. Registers are the unit installed directly on the 
service connection pipe that log the water consumption data. Transmitters emit the data stored 
in the register by way of radio or cellular signal. These need to be hard wired to the register to 
access the consumption data. Transmitters and registers of different make can be hard wired.  

There are a variety of reading systems available. Electronic meter reading requires utility staff to 
manually read and record consumption data directly from the physical meter unit itself. Remote 
reading allows staff to access an external Touchpad, allowing data transfer to a handheld device. 
Mobile and fixed network meter readings do not require physical access, and can be generalized 
into two forms; radio frequency ‘drive-by’ systems, and radio frequency repeater systems 
(Mission, 2012). A radio frequency ‘drive-by’ system emits radio bursts at a set interval 
containing relevant data such as the identification number, consumption reading, and alert 
warnings of a meter; these signals can be intercepted by staff in the area (a typical range is 300 
meters). The repeater system operates similarly to the ‘drive-by’ system, except that the radio 
transmissions are sent to a repeater station, which are then transmitted to a central utility site, 
providing real-time data to utility staff (Lake Country, 2014). 

The size selection of meters depends on a number of factors and requirements (Surrey, 2011), 
such as:  

 the meter chamber and piping should be sized for the ultimate buildout of the metered 
development;  

 the initial installation must be accurately sized to record current flows;  
 the maximum operating range for the water meter is typically held at less than the 

manufacturer’s instantaneous flow capacity (80% is generally appropriate); and, 
 water meter sizes are typically one to two sizes smaller than the water service connection. 

2.3 Rate Structure & Billing Methods  

The potential rate structures are too numerous to review at this stage when the water metering 
strategy has not been selected yet. After review of this memo by District staff and a selection of a 
water metering strategy, Opus DaytonKnight will assess with the District different rate 
structures to implement in a following memorandum. Of note, a detailed analysis will also be 
carried out to determine potential new rate structure’s impacts to existing residential and 
especially ICI customers in the District.  

Billing frequency is typically yearly/quarterly for residential and quarterly for ICI customers in 
most municipalities in British Columbia. Again, billing methods will be addressed at the next 
stage of Opus DaytonKnight’s review upon selection of the water metering strategy. 
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2.4 Community Outreach 

A guiding principle in the position on water metering by the BCWWA is that “people, not meters, 
save water” (BCWWA, 2012). An ongoing dialogue through education and outreach programs is 
necessary to inform the community about the importance and need for various conservation 
measures. The purpose of communicating with the public is to inform end-users about the 
metering program, providing details on costs and benefits, timeline of implementation and 
monitoring, and also to inform on ways to reduce water consumption. Effective communication 
encourages buy-in from end-users, who are more aware of potential cost savings through water 
efficiency and equitable billing. (Mission, 2012)  

2.5 Volunteer Metering Programs 

In British Columbia, volunteer metering programs have been selected by utilities as a means to 
gradually yield buy-in for metering on the part of customers. This method is perceived by some 
to be more socially-acceptable than a universal program that imposes water meters, particularly 
with respect to residential customers.  

A key to ensuring sufficient buy-in from customers is to design the program and rates so that 
those who volunteer save money on their water utility charges if their consumption is lower than 
average. The impact of which most often results in low-volume water users being the first to 
participate in the program, potentially followed by a steady decline in utility revenue from 
metered customers. A subsequent need for upward adjustments to water rates can therefore 
manifest itself to account for the missing revenue. Once the number of metered customers rises 
to an adequate level, the community is in a better position to pursue universal metering for its 
remaining unmetered customers and achieve an equitable distribution of utility costs amongst 
customer categories.  

The City of Richmond’s volunteer metering programs is one of the most successful programs in 
the province. The volunteer program for single family and duplex residential units however 
stemmed from political pressure by the single family customer group for metering and equitable 
billing. The expansion of the program to include multi-family units was also a result of political 
pressure from that customer group. Uptake on the program in Richmond was gradual enough 
(approx. 3% of connections per year), such that no significant loss of revenue was incurred and 
no budget impact was felt.  

In Richmond, the cost of installing meters for volunteer participants is covered by the City under 
the volunteer metering program budget. The mandatory installation of meters on service 
connections directly tied to a watermain replacement project is covered by the City, while the 
funds are drawn from each watermain project’s budget. However, mandatory installation of 
meters on new buildings is covered by the customer.   
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3 Current Metering Program 

3.1 Service Connections & Meter Chambers 

There are approximately four thousand service connections to the District's water network. The 
number of service connections can be higher than the total number of serviced buildings and 
facilities. This is because some of the buildings have multiple connections to the water network 
in part due to their fire suppression or irrigation systems.  

The breakdown of the total of number of service connections by customer type is summarized in 
Table 3-1.  

Table 3-1 
Service Connections, Meter, and Meter Chambers by Customer Type 

Customer Type Service 
Connections 

Service Connections 
with Meters Meter Chambers 

Single Family 3,751 0 270 

Multifamily 91 20 78 

ICI 268 43 n/a 

Bulk Customers 4 4 4 

District Facilities 13 4 n/a 

It was assembled using a combination of estimates provided by Squamish and interpretation of 
the inventory data it had readily available at the time of this project. The four customer service 
connections included in the customer type coined as “Bulk Customers” are those that service the 
Stawamus First Nation Indian Reserve 24 and the Squamish Terminals. The District facilities 
included the following:

» Brennan Park Recreation/Civic 
Centre 1 meter for the pool 

» Public Works Building 
» Fire Hall 37890 Clarke Drive 
» Fire Hall # 2 40439 Tantalus Road 
» Forestry Building 
» Municipal Hall 

» Squamish Public Library 
» O'siyam Community pavilion 
» Seniors Centre 2 meters 
» Oceanfront Development 
» RCMP Building 
» Wastewater Treatment Plant 1 meter 

 
Size of service connections is important to detailed program planning since it gives an indication 
of the required meter size and accordingly of its cost. The service connection record available 
indicates that 98% of single family residential properties have 19mm (¾”) connections with the 
remainder having 38mm (1.5”) diameter connections. A third of the multifamily service 
connection diameters are below 50mm (2”); the average and median values for this group are 
larger at 100mm (4”) and 150mm (6”) respectively. The average ICI service connection diameter 
is 50mm (2”); the median value is smaller at 25mm (1”).  
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The multifamily customer category’s higher average size of water service connections than the 
ICI sector may be due to the requirements of the fire suppression systems many of these 
buildings require. Smaller businesses, which represent a large part of the ICI service connection 
inventory, may not have such systems built into the building they occupy. This is especially true 
if the building is of old construction. 

Meter chambers have been installed on many of the new service connections added to the 
network over the last 10 years. This is a current requirement under the Subdivision & 
Development Control Bylaw No. 2212, 2012. The intent of this requirement is to provide the 
space necessary for the meters of any future metering program. In current practice the new 
meter chambers are being left empty, without a meter, to prevent theft and vandalism of District 
assets in the interim while developing a metering program. The condition and size of the existing 
meter chambers is unknown but assumed to be adequate for any metering program 
developments. 

Squamish records indicate that there are approximately 270 meter chambers installed on single 
family connections, and 58 chambers installed for 29 duplexes. There are also 133 meter boxes 
installed as part of 6 bareland strata developments. The meters boxes within these strata 
developments are not counted in the District’s totals. These developments are, in effect, a bulk 
customer with a meter installed at the property line and the capacity for sub-metering left to the 
strata. A total of two meter (high and low flow) connections and service chambers are estimated 
for each of the six bareland strata developments. The relevant bylaw statements are as follows: 

 Statement 1.16.5 – All single family detached housing developments with the exception of 
bareland strata developments shall require water meter boxes only complete with spools. 
All other developments shall require the installation of water meters for domestic flows. 

 Statement 1.16.6 – Each lot shall be metered separately. Strata lots, including bareland 
strata lots, shall provide the meter at the property line, or as directed by the District 
Official. 

The District has also currently installed five (5) District meters throughout the water system. Out 
of the District’s five insertion flow meters, 3 are Cla-Val EX100/200 insertion meters and 2 are 
Hydreka insertion meters. The current District metering system is very limited and should be 
expanded so that Squamish will be able to accurately measure flows between neighbourhoods to 
effectively further its water loss control program. 

3.2 Metering Technology 

The metering technology used across the District comes primarily from the Neptune and Sensus 
manufacturers. Both offer a wide range of metering products that is reflected in Squamish’s 
metering technology inventory. Squamish owns a recorded total of 73 meter registers, 75 
transmitters, and two radio frequency enabled reading units manufactured by Neptune.  
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Table 3-2 
Metering Inventory 

Metering Component Current Inventory Statistics 

Register Make 24 Sensus 
41 Neptune 
18 Unknown 

Register Model 24 T-10 (by Neptune) 

12 TRU/FLO Compound (by Neptune) 

16 E-Coder R900i (by Neptune) 
2 Turbine (by Neptune) 

5 Compound (by Sensus) 
4 C2 (by Sensus) 

20 Unknown 

Transmitter Type 5 Touch Pad 
55 Radio Read 
15 Remote Read 

Reading Technology 1 CE5320 (RF Handheld unit by Neptune) 
1 Advantage Wand/Probe (RF Unit by Neptune)  

 
The District is currently moving away from using manual radio frequency automatic meter 
reading (AMR) technology via Touchpad (although a few meters are currently still read by 
Touchpad) to a radio read system. It has purchased a Neptune CE5320 handheld unit to limit the 
allocation of resources to meter reading activities. The radio frequencies read by the handheld 
unit would cover those meters from the same manufacturer, however, most meters can also be 
retrofitted with new RF transmitters so that meters installed by others can also be read. The 
District therefore retired the Sensus transmitters, and have retrofitted some meters with a new 
RF transmitter to be read by Neptune’s RF handheld unit. 

Refurbishment of existing metering units will be required if Squamish selects to expand and 
formalise its metering program.  

It is important to note that the District’s current metering approaches have focused on Neptune 
meters and metering technologies in recent years. However, as the current investment is still 
very limited due to the small metering program currently in place in Squamish, the current 
metering infrastructure should have minimal impact on the decisions made to choose one 
technology over another. This memo provides guidance to ensure that an optimal procurement 
process that encourages competitive bidding will be carried out by the District.  

3.3 Meter Reading & Billing 

The District of Squamish currently reads 66 meters every month. A small portion of these meter 
reads lead to a water bill based on water usage. The majority of the customers with metered 
service connections are charged a flat rate. The service connections included in the meter 
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reading program include major community stakeholders such as: the Seniors Centre, the Shady 
Tree Pub, the Howe Sound Brewery, Quest University’s housing, and a portion of ICI customers 
as provided to Opus DK. District facilities that have meters include the wastewater treatment 
plant, the community pool, and the library.  

Billing of the unmetered water connections is currently based on a flat rate charged yearly, while 
metered residential and ICI service connections are charged monthly. The combined current 
meter reading and billing processes are labour intensive. This is partly due to inconsistencies in 
the units of measure found in the existing water rate structure and the billing software. The 
District must use a sequence of spreadsheets to process and to analyse the measured water 
consumption data from the water meters before preparing the water utility bills. 

The measured water consumption data is first drawn from Neptune’s N_SightTM software and 
manually revised to identify any outlying consumption records. This is completed prior to the 
billing process in order to avoid disagreements surrounding utility bills. The observed trend is 
confirmed either with a meter re-read or discussion with the customer. The dataset is then 
processed to convert the metered data unit of measure from cu.m. to cu.ft. The conversion is 
required because the water bylaw calculation, which is programmed into the MAIS system, is 
written in cu.ft.  

Current meter reading and billing records in Squamish indicate that the cost charged for a cu.m. 
of water is orders of magnitude different for customers within the same category and with 
similar profiles. The inequality for water charges ranges from 50% more up to 18 times more, 
based on the fact that some customers are currently charged on the flat rate and that other 
customers are voluntarily paying the metered rate. This inequality occurs in sectors where there 
are currently unmetered and metered customers, under the multi-family and ICI categories. 

3.4 Cost  

Table 3-3 provides Opus DaytonKnight’s estimates for the current annual expenditures that the 
District of Squamish budgets to carry out reading, data entry and billing for the current set of 
meters in its metering program. This table is repeated in Section 5.2 for the Option 1 – Status 
Quo O&M costs. 
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Table 3-3 
Estimate of Current Cost Breakdown for Reading, Data Entry, and Billing 

Option 1 – Status 
Quo Details $/meter 

# of Meters to be 
read 66 - 

Reading Cost 1 person days to read the meters @ a typical labour 
rate of $50/hr with readings taken monthly, the total 
reading cost for Option 1 is:  
 
1 x 8 x $50 x 12 = $4,800/year $73/meter 

Data Entry Cost Data Entry Costs include downloading the read data 
and providing quality assurance/checks to the data. 
Similar to the Reading Cost, this is estimated at: 
 
 $4,800/year $73/meter 

Billing Cost Assuming Quarterly Residential Billing cycles, and 
Monthly ICI Billing cycles, estimate 2 person days to 
address residential billing, re-reads and customer 
care, and 1 person days to address ICI billing, re-reads 
and customer care. The total billing cost for Option 1 
is: 
 
2 x 8 x $50 x 4 + 1 x 8 x $50 x 12 = $8,000/year $121/meter 

Total Annual Cost $17,600/year  

Further to this, the annual replacement cost for the District’s current metering program is 
estimated at 5% of the capital cost of the meters installed. The assumption is made that an 
annual replacement rate of 5% is required, which equates to the complete replacement of the 
District’s meters in 20 years. 

4 Potential Metering Program Expansion 

4.1 Functional Requirements 

During the metering study kickoff meeting Opus DK captured the functional requirements that 
the Squamish Engineering and Finance staff considered foundational to any expansion of the 
current metering program. These functional requirements outline terms of reference for the 
business case analysis and are in keeping with sound metering program practices.  

It is important to note that the discussion on meter requirements below is representative of the 
District’s noted meter preferences.  As some of the functional requirements listed by the District 
may be influenced by its current increased use of Neptune meters and their features, Opus 
DaytonKnight recommends that the District consider relaxing some of its functional 
requirements so that it does not completely eliminate the other main meter vendor, Sensus, from 
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the procurement process. This memorandum does not seek to give preference to one vendor 
compared to another, and provides options to Squamish to ensure an unbiased process, 
especially at the procurement stage of the meter selection that Squamish may carry out at a later 
date. 

Meter Installation 
Outside meter installations are favored over installing meters within the serviced building. They 
are favored because they expand the scope of leak detection capability to the service connection, 
any irrigation system, as well as the serviced building. An outside installation also has the benefit 
of reducing the likelihood of meter tampering. Access to meters installed within a serviced 
building is most appropriate in cold climates where service connections are buried up to two 
meters deep. This is not the case for Squamish.  

Meter Register 
The requirements outlined in the table that follows are central to the selection of meter registers. 
These functions are readily available on the market and would support utility goals that lie 
beyond equitable water billing.  

Table 4-1 
Functional Requirements for Meter Registers 

Requirement Driver Benefit 

Backflow / 
reverse flow 
detection 

Public Health The movement of water from the service line to the 
network watermain poses a water quality risk. The 
risk increases with the total volume of water 
displaced. Backflow prevention devices are a tool used 
by many utilities to remove this risk. However, it is 
not practical to install them at every connection. In 
lieu of installing such a device, water utilities manage 
risk exposure with this meter register feature. 

Leak detection System 
Management 
Water Loss  

This feature is of great benefit to the water utility and 
the customer. The capacity to promptly identify 
service side leaks enables both parties to initiate 
corrective measures to avoid costly water bills and 
curb demand due to water loss. 

Minimum of 15 
minute 
increment data 
logging 

System 
Management 

A 15 minute time interval offers the water utility the 
minimum resolution to effectively analyse system 
performance in direct response to water consumption 
patterns.  – A relaxation of this requirement would 
be lengthening this requirement to 1 hour. 

At least 60 days’ 
worth of data 
storage capacity 

Utility 
Management 

Storing more than one month’s worth of data 
safeguards the utility against occasional missed 
monthly meter reads. – A relaxation of this 
requirement would be reducing storage capacity to 
30 days. 
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Meter Transmitter and Reader 
Metering program options must consider mobile meter transmitting and reading technology or 
other less labour intensive meter data download options. By its nature routine meter reading is 
not added value work. Human resources dedicated to this task should be kept to a minimum so 
that they may be redirected to other pressing utility needs.  

Because of proprietary radio signals, meter transmitters and readers will have to be of the same 
brand for the units to “speak”. Any existing transmitters not compatible with another 
manufacturer’s reading unit will have to be retrofitted with a new transmitter.  

Billing 
Any data files from the meter data logging technology envisaged in the business case must be 
compatible with the MAIS financial system. Solutions to facilitate the processing and analysis of 
data should also be a defining factor.  

4.2 Metering Program Options  

The four metering program options described in the table that follows were the different avenues 
considered for the metering program expansion.  

Table 4-2 
Metering Program Expansion Options 

Option   

1 – Status Quo This option is a continuation of the current metering program 
scope. It involves metering a subset of the utility customers and 
charging a small number of this group according to its water 
usage. 

2 – ICI Option 2 is an expansion of the existing program by metering the 
entirety of the ICI customer base, the bulk water users, as well as 
all District owned facilities. 

3 – ICI & Multi-Family In this option the Multi-Family customer group is added to the 
list of customers encompassed in Option 2. 

4 – Universal This program expansion option results in the metering 
connections across the entire water network.  

 
5 Business Case Analysis 

As part of the business case analysis, Opus DaytonKnight has assessed an 18-year Life Cycle Cost 
estimate of each of the four metering expansion options for the District of Squamish. The 
detailed cost analysis breakdown is provided in Appendix A. 

This section details the breakdown of the different components included in the cost analysis and 
the basis for the cost estimates in each component. 
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5.1 Estimated Capital Costs 

Capital costs for meter installations and meter box installations were approximated based on 
discussions with various metering vendors, review of other recent metering installation costs in 
the Sunshine Coast, Lake Country and Pemberton, and through engineering judgement. Unit 
cost estimates to supply and install meters are based on meter size and are summarized below: 

Table 5-1 
Unit Cost Estimates by Meter Size 

Meter Size Unit Cost 

19 mm $850 

25 mm $850 

32 mm $1,150 

38 mm $1,150 

45 mm $1,800 

50 mm $1,800 

68 mm $3,500 

75 mm $3,500 

100 mm $5,000 

150 mm $10,000 

200 mm $25,000 

250 mm $30,000 

300 mm $35,000 

Meter boxes were estimated at a capital cost of $200 and an install labour cost of $200 each. 

5.2 Operations and Maintenance Costs 

Operations and Maintenance Costs included in the analysis includes costs of labour to service 
any meters requiring replacement or requiring review. O&M costs are split into two categories: 1) 
Recurring annual costs including replacement of the meters, and 2) One-time costs including 
revising the District’s Bylaw for meter installations, administrator and operator training for 
reading and installing of the water meters, and a Public Education program to educate users on 
the proposed metering approach recommended by the District.  

Details of the costs are summarized in Table 5-2. 
 
  



 

 

Page 15 
 

Table 5-2 
O&M Cost Breakdown 

O&M Cost Cost Type Details 

Annual 
Replacement Cost 

Recurring This annual replacement cost starts at 1.0% of the 
capital cost of the meters installed in the first year and 
rises to 5.0% per annum after the 4th year that the 
meters are installed. The assumption is made that an 
annual replacement rate of 5% is required for the 
water meters which equates to a complete 
replacement of the District’s meters in 20 years. 
Funds are kept in a meter replacement reserve fund. 

Revision of District 
Bylaw 

One-Time $5,000 one-time cost for labour to update and revise 
the District’s Bylaws to suit the chosen metering 
strategy and the conditions in which meters should be 
installed, how they should be sized, and how the 
customer will be billed 

Administrator and 
Operator Training 

One-Time $25,000 one-time cost to train various staff to 
understand how to implement the metering program, 
install meters at the water connection required, and 
the new process of billing metered vs. unmetered 
users 

Public Education 
Program 

One-Time $20,000 one-time cost for the District to carry out a 
Public Education program to implement the metering 
strategy and illustrate the equitable approach to 
metered billing that will be presented to the metered 
customers 

 
Costs detailed in the table above are taken from recent studies in the Sunshine Coast, Lake 
Country and Pemberton water metering programs. 

5.3 Reading, Data Entry & Billing Costs 

Reading, Data Entry and Billing Costs were also based off of estimates derived from the recent 
Pemberton metering program. In that program, it was estimated a potential monthly reading 
rate of 0.5 person days for a community with 950 meters. This value was used to interpolate and 
extrapolate the potential required effort used by Squamish staff to complete these tasks under 
the four options.  

In addition, based on conversations with the District’s finance department, the District foresees 
adjusting residential meter billing from monthly to billing on a quarterly basis, and continuing 
their current approach will billing ICI customers every month. 

Table 5-3 illustrates the O&M Cost Breakdown under Option 1. 
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Table 5-3 
Option 1 – O&M Cost Breakdown 

Option 1 –  
Status Quo Details $/meter 

# of Meters to be 
read 66 - 

Reading Cost 1 person days to read the meters @ a typical labour 
rate of $50/hr with readings taken monthly, the total 
reading cost for Option 1 is:  
 
1 x 8 x $50 x 12 = $4,800/year $73/meter 

Data Entry Cost Data Entry Costs include downloading the read data 
and providing quality assurance/checks to the data. 
Similar to the Reading Cost, this is estimated at: 
 
 $4,800/year $73/meter 

Billing Cost Assuming Quarterly Residential Billing cycles, and 
Monthly ICI Billing cycles, estimate 2 person days to 
address residential billing, re-reads and customer 
care, and 1 person days to address ICI billing, re-reads 
and customer care. The total billing cost for Option 1 
is: 
 
2 x 8 x $50 x 4 + 1 x 8 x $50 x 12 = $8,000/year $121/meter 

Total Annual Cost $17,600/year  

Table 5-4 illustrates the O&M Cost Breakdown under Option 2. 

Table 5-4 
Option 2 – O&M Cost Breakdown 

Option 2 –  
ICI Metering Details $/meter 

# of Meters to be 
read 285 - 

Reading Cost 1.5 person days to read the meters @ a typical labour 
rate of $50/hr with readings taken monthly, the total 
reading cost for Option 2 is:  
 
1.5 x 8 x $50 x 12 = $7,200/year $25/meter 

Data Entry Cost Data Entry Costs include downloading the read data 
and providing quality assurance/checks to the data. 
Similar to the Reading Cost, this is estimated at: 
 
 $7,200/year $25/meter 
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Billing Cost Assuming Quarterly Residential Billing cycles, and 
Monthly ICI Billing cycles, estimate 2 person days to 
address residential billing, re-reads and customer 
care, and 4 person days to address ICI billing, re-
reads and customer care. The total billing cost for 
Option 2 is: 
 
2 x 8 x $50 x 4 + 4 x 8 x $50 x 12 = $22,400/year $79/meter 

Total Annual Cost $36,800/year  

Table 5-5 illustrates the O&M Cost Breakdown under Option 3. 

Table 5-5 
Option 3 – O&M Cost Breakdown 

Option 3 – 
ICI + MF Metering Details $/meter 

# of Meters to be 
read 376 - 

Reading Cost 2 person days to read the meters @ a typical labour 
rate of $50/hr with readings taken monthly, the total 
reading cost for Option 3 is:  
 
2 x 8 x $50 x 12 = $9,600/year $26/meter 

Data Entry Cost Data Entry Costs include downloading the read data 
and providing quality assurance/checks to the data. 
Similar to the Reading Cost, this is estimated at: 
 
 $9,600/year $26/meter 

Billing Cost Assuming Quarterly Residential Billing cycles, and 
Monthly ICI Billing cycles, estimate 3 person days to 
address residential billing, re-reads and customer 
care, and 4 person days to address ICI billing, re-
reads and customer care. The total billing cost for 
Option 3 is: 
 
3 x 8 x $50 x 4 + 4 x 8 x $50 x 12 = $24,000/year $64/meter 

Total Annual Cost $43,200/year  
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Table 5-6 illustrates the O&M Cost Breakdown under Option 4. 

Table 5-6 
Option 4 – O&M Cost Breakdown 

Option 4 –  
Universal 
Metering 

Details $/meter 

# of Meters to be 
read 4,127 - 

Reading Cost 5 person days to read the meters @ a typical labour 
rate of $50/hr with readings taken monthly, the total 
reading cost for Option 1 is:  
 
5 x 8 x $50 x 12 = $24,000/year $5.8/meter 

Data Entry Cost Data Entry Costs include downloading the read data 
and providing quality assurance/checks to the data. 
Similar to the Reading Cost, this is estimated at: 
 
 $24,000/year $5.8/meter 

Billing Cost Assuming Quarterly Residential Billing cycles, and 
Monthly ICI Billing cycles, estimate 10 person days to 
address residential billing, re-reads and customer 
care, and 4 person days to address ICI billing, re-
reads and customer care. The total billing cost for 
Option 1 is: 
 
10 x 8 x $50 x 4 + 4 x 8 x $50 x 12 = $35,200/year $8.5/meter 

Total Annual Cost $83,200/year  

Costs detailed in the tables above were reviewed in detail by Opus DaytonKnight and used in the 
Life Cycle Cost estimating for the four metering options. 

5.4 Life Cycle Cost 

Finally, once the Capital Costs, O&M Costs and Reading, Data Entry & Billing Costs were 
completed, an 18 year Life Cycle Cost estimate was produced for the four options for the District 
of Squamish.  

Opus DaytonKnight has used a 7% discount rate to calculate the equivalent Net Present Value of 
the annual costs under each line item of each metering option. The Life Cycle Cost estimate 
methodology and spreadsheet has been quality checked and has been used in a recent metering 
study by Opus DaytonKnight for the Sunshine Coast. 
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5.5 Financing Options 

Opus DaytonKnight has reviewed the most common funding practices for universal metering 
programs in Canada (InfraGuide 2003).  These practices can be applied to any metering 
program and includes the following: 

 Universal Metering reserve fund – Part of the revenues collected from the flat rate structure 
is allocated to a specific universal metering fund. 

 User pay – End users cover the supply and installation cost of the water meters, either up 
front or on utility bill financing. 

 Third party financing – Many private companies offer supply and installation programs 
with appropriate financing options to amortize the universal metering program over 
several years. 

 Provincial and federal infrastructure programs – Utilities may qualify for provincial and/or 
federal water infrastructure grants associated with the installation of water meters where 
it would reduce the need for more costly system expansions. 

 A combination of any of the above 
 
The importance of proper financial planning and analysis before and following the 
implementation of any of the metering programs is prudent. A full cost recovery model should be 
followed by the utilities to ensure that all aspects of the water system are properly funded. At this 
stage Opus DaytonKnight has not reviewed the funding options in detail for the District. This 
will be completed upon delivery of the final Water Master Plan to the District. 

6 Summary and Recommendations 

6.1 Summary 

Anticipated savings and environmental and social impacts due to water conservation were not 
assessed in this memorandum. It is understood that these gains will stem from a water rate 
structure that drive changes to consumption patterns. The water rate structure memorandum 
will be informed by the findings of this assignment.  

Table 6-1 provides a summary of the metering benefits of all four options reviewed in this memo. 

Table 6-1 
Metering Options Benefits 

Organizational 
Benefits Community Benefits Option 1 Option 2 Option 3 Option 4 

Enhanced 
System 
Management 
Capability 

Equity if consumption 
based rates applied. 
Equity in payment of 
service provided (Potable 
Water, Fire Protection) 

Low Impact Medium 
Impact 

Medium 
Impact 

High 
Impact 
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Water Loss 
Management 

Understanding of Water 
Savings from Water Loss 
Reduction and 
Efficiencies in System 
Management / Operation 

Low Impact Medium 
Impact 

Medium 
Impact 

High 
Impact 

Water 
Conservation 
(Preliminary) 

Water Savings from 
reduced water usage as a 
result of equitable rates 
and a rate structure that 
encourages water 
conservation 

~5% Maximum 
Day Demand 

(MDD) 
reduction by 

2031 

~12% MDD 
reduction 
by 2031 

~15% MDD 
reduction 
by 2031 

~29% MDD 
reduction 
by 2031 

Life Cycle Cost 
Comparison 

Cumulative cost of the 
program should be 
weighed against other 
organizational benefits of 
each metering strategy 
option presented 

$356,722 $2,659,916 $3,471,723 $9,456,464 

 
Opus DaytonKnight has provided an approximate water conservation (maximum day demand 
reduction) value from a Squamish specific demands based approach and average estimates of 
expected water conservation based on similar metering programs from different municipalities 
over recent years. 

Water conservation estimates are preliminary at this time pending review of a detailed water 
conservation program concurrent to this assignment. A natural per capita maximum day 
demand reduction of 5% is estimated from future land use changes and current conservation 
programs in Squamish. Background documentation from which maximum day demand 
reductions have been derived are included in Appendix B. 

Based on a simple cost-benefit review, the most attractive metering options are Options 2 and 3. 
Option 3 presents an alternate option to provide metering on Multi-Family residential properties 
in addition to ICI properties. There are a few reasons that this would not be recommended as a 
metering solution as detailed below: 

 Peak water usage during hot periods in the summer are a result of significant outdoor water 
usage. Multi-Family residences have smaller footprints and therefore smaller lawns that 
need to be watered. The metering of Multi-Family residences does not do much to reduce 
those peaks in the summer. As a rough estimate shown in Table 6-1, metering on Multi-
Family residences has a much smaller impact than on Single Family residences; and, 

 Metering for Multi-Family units will introduce further confusion and complaints of inequity 
for water rates between Single Family and Multi-Family units. 
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6.2 Recommendations (Short Term Implementation Strategy) 

Opus DaytonKnight recommends that Option 2: ICI Metering Only be implemented in the 
District of Squamish.  

Concurrent to the selection of a Water Metering Implementation Strategy for the District of 
Squamish, Opus DaytonKnight will also provide a cost analysis to determine the equitable rates 
to be implemented for water users across the District. An equitable rate will be established 
between residential and ICI users to ensure that there is less inequity than there currently is in 
the District’s existing water rate schedule. 

The District’s selection of the Option 2: ICI Metering Only metering strategy is independent 
of calculating equitable rates. It will nonetheless be important in communicating to metered 
utility customers their water rates in detail and in helping the District provide a suitable means 
of justification on water charges to different types of ICI customers. The justification would rely 
on actual water usage and not perceived water usage as the current schedule does. 

The cost difference between ICI metering and Universal metering is about $7 million in terms of 
an 18 year life cycle cost. While the effect on water conservation is only 12% on MDD compared 
to 29% of MDD when ICI metering is compared to Universal metering (preliminary numbers), 
the resulting savings in other parts of the system must total at least $7 million over the next 18 
years to justify the additional cost of the universal metering program.  

A preliminary review suggests that the District of Squamish will have some benefit in terms of 
long term cost savings on its water system infrastructure, but not to the cost of the $7 million. A 
preliminary estimate of savings is approximately between $2 – 3 million: $1,500,000 for 
deferred water source improvements, $750,000 for deferred water storage requirements and 
$750,000 for other smaller system upgrades. Further, the $9 million dollars will be put into 
good use to address other utility issues including a current lack of storage capacity and a 
potentially large portion of the water system anticipated to be replaced in the next 10 years (70% 
of the water distribution system is anticipated to require replacement in the next 10 years). 

Opus DaytonKnight also recommends that the District continue with its current Voluntary 
Metering practice but that it formalise it within a structured program to allow single family and 
multi family residential customers to have a metered option. Community stakeholders and 
customers have expressed an interest in voluntary metering, which is akin to the experience of 
the City of Richmond in initiating its successful voluntary programs. A formal voluntary program 
would permit the District to consistently address requests for meters by this customer group. 
The program would also allow the District to gather data to inform future metered rate structure 
revisions. Formalising the program would entail revisions to the Water Rates Bylaw and rate 
structure.  
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6.3 Recommendations (District Metering) 

An expanded District metering program will provide Squamish with ability to to accurately 
measure flows between neighbourhoods to effectively further its water loss control program 
without having the universal metering program. 

Opus DaytonKnight recommends implementing further District metering in Squamish.  If 
implemented on a neighbourhood basis, a total of 15-20 meters (10-15 additional meters) would 
give the District a good ability to track water use efficiency in its water system. 

6.4 Recommendations (Procurement Process) 

Opus DaytonKnight suggests that the District should consider relaxing some of its functional 
requirements so that it does not completely eliminate any vendors for water meters under a 
future procurement process. 

Considerations to relax functional requirements include lengthening the 15 minute increment 
data logging to 1 hour and reducing the 60 days’ worth of data storage capacity to 30 days. While 
the District is fully eligible to set its requirements, the intent of these recommendations is to 
provide the District with competitive bids from multiple vendors when sourcing the supply of its 
water meters. 

6.5 Recommendations (Long Term Strategy) 

A Universal metering program would be a prudent option to consider once the outlook for long 
term planning is extended past 2031. Potentially at a long term outlook of 50 – 100 years. The 
gradual expansion of the ICI metering program into a Universal metering program should be 
investigated as a possible option. Universal metering, when paired with a water rate structure 
that encourages water conservation, will be the strongest tool for the District to control peak 
summer water usage by its residents in 2031 and beyond. 

It should also be noted that a universal metering program is a very politically sensitive program 
which may take a long time to implement within the District of Squamish. Opus DaytonKnight 
recognizes the District has implemented sprinkling regulations in the 1990s, with a new, more 
stringent Outdoor Water Use Bylaw introduced in 2013. The community should be educated on 
the importance of reducing water usage during peak usage summer months. However, concerns 
with metering still persist in the community. 

Because of these factors, Opus DaytonKnight believes that the District of Squamish is not in a 
strong position to immediately implement a universal metering program in the short term and 
suggests that the universal metering program be considered in Squamish’s long term metering 
approach in the next update of its Water Master Plan in 5 – 10 years. Universal metering is 
recommended as one of the best tools to aggressively target water reduction. It will also be the 
best tool to establish an equitable billing system that residents can easily understand. See 
Literature Review in Appendix B. 



 

 

Page 23 
 

In the future, as the District has expanded its education program and as the outdoor water use 
regulations have been applied and enforced to encourage water reduction by the District, the 
atmosphere will be much more conducive to implementing a District-wide Universal Metering 
program. Opus DaytonKnight recommends that the Universal Metering option be investigated 
once again in the next update of Squamish’s Water Master Plan in 5 – 10 years’ time. 
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Appendix A – Life Cycle Cost Analysis 
 

  



Total Conn Meters Installed Meter Boxes Inst Avg Size Meters Meter Boxes Total Value of Meters & Boxes

ICI 268 38 38 66.4 1,160,300$              92,000$                    4,329.48$                                       1,160,300$                                     

Bulk 4 4 4 125 -$                           -$                           -$                                                 53,600$                                          

District 13 4 4 50 16,200$                    3,600$                      1,246.15$                                       23,400$                                          

MF 91 20 78 116.9 782,300$                  5,200$                      8,596.70$                                       782,300$                                        

SF 3751 0 270 19.4 3,188,350$              1,392,400$              3,188,350$                                     

Option 1 Total 0 0 0 Meters Meter Boxes Meters

Option 2 Total 285 66 124 1,176,500$               95,600$                    1,237,300$                                     

Option 3 Total 376 66 124 1,958,800$               100,800$                  2,019,600$                                     

Option 4 Total 4127 66 394 5,147,150$               1,493,200$               5,207,950$                                     

Total Total

Supply and Install Meter Box 400$                       Program Start >>>

Discount Rate 7% Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Value of Current Meters 231,000.00$         Population 18,319                      19,053                      19,786          20,520                                             21,254                                             21,987          22,721          23,455          24,188          24,922          25,656          26,389          27,123          27,857          28,590          29,324          30,058          30,791          31,525          

All Options O&M 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 4.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%

Option 1 - Status Quo Option 1 - Status Quo Total Meters In 66                              66                              66                  66                                                    66                                                    66                  66                  66                  66                  66                  66                  66                  66                  66                  66                  66                  66                  66                  66                  

Total Meter Pits 394                            394                            394                394                                                  394                                                  394                394                394                394                394                394                394                394                394                394                394                394                394                394                
Unit Cost Capital Cost NPV Notes

Capital -$                   
- meters -$                          -$                          -$                          -$              -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- meter boxes -$                          -$                          -$                          -$              -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

Meter read system 30,093$            
- Reading Tool -$                       20,000$                30,093$                    Replace every 6 years -$                          -$                          -$              -$                                                -$                                                20,000$       -$              -$              -$              -$              -$              20,000$       -$              -$              -$              -$              -$              20,000$       -$              

Readings 53,283$            
- Reading Costs ($/meter) 73$                  53,283$                    See Table 5-3 4,818$                      4,818$                      4,818$         4,818$                                            4,818$                                            4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         4,818$         

Data Entry 53,283$            
- Data Entry ($/meter) 50$                  36,495$                    See Table 5-3 3,300$                      3,300$                      3,300$         3,300$                                            3,300$                                            3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         

- Data Review 23$                  16,788$                    See Table 5-3 1,518$                      1,518$                      1,518$         1,518$                                            1,518$                                            1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         1,518$         

Billing 117,433$          
- Software Cost 12,000$                18,056$                     Replace every 4-8 years -$                          -$                          -$              -$                                                -$                                                12,000$       -$              -$              -$              -$              -$              12,000$       -$              -$              -$              -$              -$              12,000$       -$              

- N-Sight Upgrades ($/year) 1,000$                  11,059$                    Squamish data 1,000$                      1,000$                      1,000$         1,000$                                            1,000$                                            1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         

- Billing ($/meter) 121$                      88,318$                    See Table 5-3 7,986$                      7,986$                      7,986$         7,986$                                            7,986$                                            7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         7,986$         

Operations and Maintenance 102,630$          
- upkeep of meters 102,630$                 6,930$                      6,930$                      6,930$         6,930$                                            6,930$                                            6,930$         9,240$         11,550$       11,550$       11,550$       11,550$       11,550$       11,550$       11,550$       11,550$       11,550$       11,550$       11,550$       11,550$       

- Revising Bylaw for Installation -$                       -$                          -$                          -$                          -$              -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- Admin and Operator Training -$                       -$                          -$                          -$                          -$              -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- Education Program -$                       -$                          -$                          -$                          -$              -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

Total

Cost for the Avg Size/Calculated Cost

356,722$                       

1 of 4



Total Conn Meters Installed Meter Boxes Inst Avg Size Meters Meter Boxes Total Value of Meters & Boxes

ICI 268 38 38 66.4 1,160,300$              92,000$                    4,329.48$                                       1,160,300$                                     

Bulk 4 4 4 125 -$                           -$                           -$                                                 53,600$                                          

District 13 4 4 50 16,200$                    3,600$                      1,246.15$                                       23,400$                                          

MF 91 20 78 116.9 782,300$                  5,200$                      8,596.70$                                       782,300$                                        

SF 3751 0 270 19.4 3,188,350$              1,392,400$              3,188,350$                                     

Option 1 Total 0 0 0 Meters Meter Boxes Meters

Option 2 Total 285 66 124 1,176,500$               95,600$                    1,237,300$                                     

Option 3 Total 376 66 124 1,958,800$               100,800$                  2,019,600$                                     

Option 4 Total 4127 66 394 5,147,150$               1,493,200$               5,207,950$                                     

Total Total

Supply and Install Meter Box 400$                       Program Start >>>

Discount Rate 7% Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Value of Current Meters 231,000.00$         Population 18,319                      19,053                      19,786          20,520                                             21,254                                             21,987          22,721          23,455          24,188          24,922          25,656          26,389          27,123          27,857          28,590          29,324          30,058          30,791          31,525          

All Options O&M 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 4.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%

Cost for the Avg Size/Calculated Cost

Option 2 - ICI Metering Only Total Meters In (curr. pop) 66                              66                              66                  176                                                  285                                                  285                285                285                285                285                285                285                285                285                285                285                285                285                285                

Option 2 - ICI Metering Only Total Meter Pits (curr. Pop) 124                            124                            124                176                                                  285                                                  285                285                285                285                285                285                285                285                285                285                285                285                285                285                

Add Meters (new pop) -                             -                             -                 34                                                    46                                                    57                  68                  80                  91                  103                114                126                137                148                160                171                183                194                205                

Add Meter Pits (new pop) -                             -                             -                 34                                                    46                                                    57                  68                  80                  91                  103                114                126                137                148                160                171                183                194                205                

Total Meters 66                              66                              66                  210                                                  331                                                  342                353                365                376                388                399                411                422                433                445                456                468                479                490                

Total Meter Pits 124                            124                            124                210                                                  331                                                  342                353                365                376                388                399                411                422                433                445                456                468                479                490                
Unit Cost Capital Cost NPV Notes

Capital 1,496,251$      
- meters 1,408,297$              -$                          -$                          -$              513,225$                                       941,667$                                       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       40,612$       

- meter boxes 87,954$                    -$                          -$                          -$              24,935$                                         59,749$                                         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         3,300$         

Meter read system 30,093$            
- Reading Tool -$                       20,000$                30,093$                    Replace every 6 years -$                          -$                          -$              -$                                                -$                                                20,000$       -$              -$              -$              -$              -$              20,000$       -$              -$              -$              -$              -$              20,000$       -$              

Readings 82,599$            
- Reading Costs ($/meter) 25$                  82,599$                    See Table 5-4 1,650$                      1,650$                      1,650$         5,256$                                            8,266$                                            8,552$         8,837$         9,122$         9,408$         9,693$         9,979$         10,264$       10,549$       10,835$       11,120$       11,405$       11,691$       11,976$       12,261$       

Data Entry 82,599$            
- Data Entry ($/meter) 17$                  56,167$                    See Table 5-4 1,122$                      1,122$                      1,122$         3,574$                                            5,621$                                            5,815$         6,009$         6,203$         6,397$         6,591$         6,785$         6,979$         7,173$         7,368$         7,562$         7,756$         7,950$         8,144$         8,338$         

- Data Review 8$                    26,432$                    See Table 5-4 528$                         528$                         528$             1,682$                                            2,645$                                            2,737$         2,828$         2,919$         3,011$         3,102$         3,193$         3,284$         3,376$         3,467$         3,558$         3,650$         3,741$         3,832$         3,924$         

Billing 290,128$          
- Software Cost 12,000$                18,056$                     Replace every 4-8 years -$                          -$                          -$              -$                                                -$                                                12,000$       -$              -$              -$              -$              -$              12,000$       -$              -$              -$              -$              -$              12,000$       -$              

- N-Sight Upgrades ($/year) 1,000$                  11,059$                    Squamish data 1,000$                      1,000$                      1,000$         1,000$                                            1,000$                                            1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         

- Billing ($/meter) 79$                        261,013$                 See Table 5-4 5,214$                      5,214$                      5,214$         16,609$                                         26,122$                                         27,024$       27,925$       28,827$       29,729$       30,630$       31,532$       32,434$       33,336$       34,237$       35,139$       36,041$       36,942$       37,844$       38,746$       

Operations and Maintenance 678,246$          
- upkeep of meters 632,893$                 8,596$                      8,596$                      8,596$         27,382$                                         43,065$                                         44,552$       61,385$       79,209$       81,686$       84,164$       86,642$       89,119$       91,597$       94,075$       96,552$       99,030$       101,508$     103,985$     106,463$     

- Revising Bylaw for Installation 5,000$                  4,673$                      -$                          5,000$                      -$              -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- Admin and Operator Training 25,000$                22,600$                    -$                          12,500$                   12,500$       -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- Education Program 20,000$                18,080$                    -$                          10,000$                   10,000$       -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

Total 2,659,916$                    

2 of 4



Total Conn Meters Installed Meter Boxes Inst Avg Size Meters Meter Boxes Total Value of Meters & Boxes

ICI 268 38 38 66.4 1,160,300$              92,000$                    4,329.48$                                       1,160,300$                                     

Bulk 4 4 4 125 -$                           -$                           -$                                                 53,600$                                          

District 13 4 4 50 16,200$                    3,600$                      1,246.15$                                       23,400$                                          

MF 91 20 78 116.9 782,300$                  5,200$                      8,596.70$                                       782,300$                                        

SF 3751 0 270 19.4 3,188,350$              1,392,400$              3,188,350$                                     

Option 1 Total 0 0 0 Meters Meter Boxes Meters

Option 2 Total 285 66 124 1,176,500$               95,600$                    1,237,300$                                     

Option 3 Total 376 66 124 1,958,800$               100,800$                  2,019,600$                                     

Option 4 Total 4127 66 394 5,147,150$               1,493,200$               5,207,950$                                     

Total Total

Supply and Install Meter Box 400$                       Program Start >>>

Discount Rate 7% Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Value of Current Meters 231,000.00$         Population 18,319                      19,053                      19,786          20,520                                             21,254                                             21,987          22,721          23,455          24,188          24,922          25,656          26,389          27,123          27,857          28,590          29,324          30,058          30,791          31,525          

All Options O&M 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 4.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%

Cost for the Avg Size/Calculated Cost

Option 3 - ICI+MF Metering Total Meters In (curr. pop) 66                              66                              66                  221                                                  376                                                  376                376                376                376                376                376                376                376                376                376                376                376                376                376                

Option 3 - ICI+MF Metering Total Meter Pits (curr. Pop) 124                            124                            124                221                                                  376                                                  376                376                376                376                376                376                376                376                376                376                376                376                376                376                

Add Meters (new pop) -                             -                             -                 22                                                    30                                                    38                  46                  54                  63                  71                  80                  89                  98                  108                117                127                137                147                157                

Add Meter Pits (new pop) -                             -                             -                 22                                                    30                                                    38                  46                  54                  63                  71                  80                  89                  98                  108                117                127                137                147                157                

Total Meters 66                              66                              66                  243                                                  406                                                  414                422                430                439                447                456                465                474                484                493                503                513                523                533                

Total Meter Pits 124                            124                            124                243                                                  406                                                  414                422                430                439                447                456                465                474                484                493                503                513                523                533                
Unit Cost Initial Cost NPV Notes

Capital 1,652,173$      
- meters 1,582,488$              -$                          -$                          -$              855,510.92$                                 784,987$                                       38,219$       38,994$       39,785$       40,592$       41,417$       42,260$       43,120$       43,998$       44,896$       45,812$       46,748$       47,703$       48,680$       49,676$       

- meter boxes 69,685$                    -$                          -$                          -$              29,630$                                         40,396$                                         1,967$         2,007$         2,047$         2,089$         2,131$         2,175$         2,219$         2,264$         2,310$         2,357$         2,406$         2,455$         2,505$         2,556$         

Meter read system 30,093$            
- Reading Tool -$                       20,000$                30,093$                    Replace every 6 years -$                          -$                          -$              -$                                                -$                                                20,000$       -$              -$              -$              -$              -$              20,000$       -$              -$              -$              -$              -$              20,000$       -$              

Readings 98,062$            
- Reading Costs ($/meter) 26$                  98,062$                    See Table 5-5 1,716$                      1,716$                      1,716$         6,328$                                            10,560$                                         10,766$       10,976$       11,191$       11,410$       11,633$       11,861$       12,093$       12,330$       12,573$       12,819$       13,072$       13,329$       13,591$       13,859$       

Data Entry 98,062$            
- Data Entry ($/meter) 16$                  60,346$                    See Table 5-5 1,056$                      1,056$                      1,056$         3,894$                                            6,499$                                            6,625$         6,755$         6,887$         7,021$         7,159$         7,299$         7,442$         7,588$         7,737$         7,889$         8,044$         8,202$         8,364$         8,529$         

- Data Review 10$                  37,716$                    See Table 5-5 660$                         660$                         660$             2,434$                                            4,062$                                            4,141$         4,222$         4,304$         4,388$         4,474$         4,562$         4,651$         4,742$         4,836$         4,931$         5,028$         5,126$         5,227$         5,330$         

Billing 270,498$          
- Software Cost 12,000$                18,056$                     Replace every 4-8 years -$                          -$                          -$              -$                                                -$                                                12,000$       -$              -$              -$              -$              -$              12,000$       -$              -$              -$              -$              -$              12,000$       -$              

- N-Sight Upgrades ($/year) 1,000$                  11,059$                    Squamish data 1,000$                      1,000$                      1,000$         1,000$                                            1,000$                                            1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         

- Billing ($/meter) 64$                        241,383$                 See Table 5-5 4,224$                      4,224$                      4,224$         15,577$                                         25,994$                                         26,501$       27,019$       27,547$       28,085$       28,635$       29,196$       29,768$       30,352$       30,948$       31,556$       32,176$       32,809$       33,455$       34,114$       

Operations and Maintenance 936,907$          
- upkeep of meters 891,553$                 10,635$                   10,635$                   10,635$       39,220$                                         65,448$                                         66,725$       90,703$       115,595$     117,855$     120,161$     122,515$     124,916$     127,366$     129,866$     132,417$     135,020$     137,677$     140,388$     143,154$     

- Revising Bylaw for Installation 5,000$                  4,673$                      -$                          5,000$                      -$              -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- Admin and Operator Training 25,000$                22,600$                    -$                          12,500$                   12,500$       -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- Education Program 20,000$                18,080$                    -$                          10,000$                   10,000$       -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

Total 3,085,795$                    
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Total Conn Meters Installed Meter Boxes Inst Avg Size Meters Meter Boxes Total Value of Meters & Boxes

ICI 268 38 38 66.4 1,160,300$              92,000$                    4,329.48$                                       1,160,300$                                     

Bulk 4 4 4 125 -$                           -$                           -$                                                 53,600$                                          

District 13 4 4 50 16,200$                    3,600$                      1,246.15$                                       23,400$                                          

MF 91 20 78 116.9 782,300$                  5,200$                      8,596.70$                                       782,300$                                        

SF 3751 0 270 19.4 3,188,350$              1,392,400$              3,188,350$                                     

Option 1 Total 0 0 0 Meters Meter Boxes Meters

Option 2 Total 285 66 124 1,176,500$               95,600$                    1,237,300$                                     

Option 3 Total 376 66 124 1,958,800$               100,800$                  2,019,600$                                     

Option 4 Total 4127 66 394 5,147,150$               1,493,200$               5,207,950$                                     

Total Total

Supply and Install Meter Box 400$                       Program Start >>>

Discount Rate 7% Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Value of Current Meters 231,000.00$         Population 18,319                      19,053                      19,786          20,520                                             21,254                                             21,987          22,721          23,455          24,188          24,922          25,656          26,389          27,123          27,857          28,590          29,324          30,058          30,791          31,525          

All Options O&M 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 4.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%

Cost for the Avg Size/Calculated Cost

Option 4 - Universal Metering Total Meters In (curr. pop) 66                              66                              66                  1,082                                               2,097                                               3,112            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            

Option 4 - Universal Metering Total Meter Pits (curr. Pop) 394                            394                            394                1,082                                               2,097                                               3,112            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            4,127            

Add Meters (new pop) -                             -                             -                 496                                                  661                                                  826                992                1,157            1,322            1,488            1,653            1,818            1,983            2,149            2,314            2,479            2,645            2,810            2,975            

Add Meter Pits (new pop) -                             -                             -                 496                                                  661                                                  826                992                1,157            1,322            1,488            1,653            1,818            1,983            2,149            2,314            2,479            2,645            2,810            2,975            

Total Meters 66                              66                              66                  1,578                                               2,758                                               3,938            5,119            5,284            5,449            5,615            5,780            5,945            6,110            6,276            6,441            6,606            6,772            6,937            7,102            

Total Meter Pits 394                            394                            394                1,578                                               2,758                                               3,938            5,119            5,284            5,449            5,615            5,780            5,945            6,110            6,276            6,441            6,606            6,772            6,937            7,102            
Unit Cost Initial Cost NPV Notes

Capital 6,072,207$      
- meters 4,712,520$              -$                          -$                          -$              1,540,112$                                    1,202,346$                                    1,202,346$ 1,202,346$ ######### 166,203$     166,203$     166,203$     166,203$     166,203$     166,203$     166,203$     166,203$     166,203$     166,203$     166,203$     

- meter boxes 1,359,687$              -$                          -$                          -$              374,146$                                       373,018$                                       373,018$     373,018$     48,216$       48,215.79$ 48,216$       48,216$       48,216$       48,216$       48,216$       48,216$       48,216$       48,216$       48,216$       48,216$       

Meter read system 30,093$            
- Reading Tool -$                       20,000$                30,093$                    Replace every 6 years -$                          -$                          -$              -$                                                -$                                                20,000$       -$              -$              -$              -$              -$              20,000$       -$              -$              -$              -$              -$              20,000$       -$              

Readings 242,879$          
- Reading Costs ($/meter) 5.8$                 242,879$                 See Table 5-6 383$                         383$                         383$             9,152$                                            15,997$                                         22,843$       29,688$       30,647$       31,606$       32,564$       33,523$       34,482$       35,440$       36,399$       37,358$       38,316$       39,275$       40,234$       41,192$       

Data Entry 242,879$          
- Data Entry ($/meter) 3.8$                 159,128$                 See Table 5-6 251$                         251$                         251$             5,996$                                            10,481$                                         14,966$       19,451$       20,079$       20,707$       21,335$       21,963$       22,591$       23,220$       23,848$       24,476$       25,104$       25,732$       26,360$       26,988$       

- Data Review 2.0$                 83,752$                    See Table 5-6 132$                         132$                         132$             3,156$                                            5,516$                                            7,877$         10,237$       10,568$       10,899$       11,229$       11,560$       11,890$       12,221$       12,551$       12,882$       13,213$       13,543$       13,874$       14,204$       

Billing 385,059$          
- Software Cost 12,000$                18,056$                     Replace every 4-8 years -$                          -$                          -$              -$                                                -$                                                12,000$       -$              -$              -$              -$              -$              12,000$       -$              -$              -$              -$              -$              12,000$       -$              

- N-Sight Upgrades ($/year) 1,000$                  11,059$                    Squamish data 1,000$                      1,000$                      1,000$         1,000$                                            1,000$                                            1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         1,000$         

- Billing ($/meter) 8.5$                 355,944$                 See Table 5-6 561$                         561$                         561$             13,412$                                         23,444$                                         33,477$       43,509$       44,914$       46,319$       47,724$       49,129$       50,534$       51,938$       53,343$       54,748$       56,153$       57,558$       58,963$       60,368$       

Operations and Maintenance 2,483,346$      
- upkeep of meters 2,437,993$              2,499$                      2,499$                      2,499$         59,734$                                         104,417$                                       149,099$     258,376$     333,399$     343,828$     354,257$     364,685$     375,114$     385,543$     395,972$     406,401$     416,829$     427,258$     437,687$     448,116$     

- Revising Bylaw for Installation 5,000$                  4,673$                      -$                          5,000$                      -$              -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- Admin and Operator Training 25,000$                22,600$                    -$                          12,500$                   12,500$       -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

- Education Program 20,000$                18,080$                    -$                          10,000$                   10,000$       -$                                                -$                                                -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              

Total 9,456,464$                    

4 of 4



 

 

Page 25 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B – Literature Review 
  



 

 

Page 26 
 

 
B.1 Broader Context of Water Utility Metering 

Potable water use patterns across Canada are high when compared to other economies. The high 
use patterns have in part been influenced by a perceived access to a limitless resource. Access to 
bountiful freshwater is an integral part of Canadian culture and identity as this country holds 
20% of the planet’s reserve. The high water use patterns have also been influenced by a lack of 
understanding of the true cost of the potable water service that is predominantly provided by 
local governments. Historically, water utility rates have not reflected the full cost of the service 
and have been kept unknowingly low. Understanding of the whole of life cost of water service 
delivery is increasing with the advent of asset management practices in response to the financial 
concerns surrounding ageing infrastructure across the country.  

Access to potable water is being debated in the public realm as a right, particularly following 
water shut offs in Detroit, MI. The issues experienced in that community highlight the value of 
the water utility service but also its cost. Consumption based rate structures, backed by metering 
programs, give communities the benefit of distributing the cost according to a user-pay 
philosophy that is inherently equitable. These rate structures can also have the added benefit of 
impacting high water use patterns which consequently curbs demand across entire potable water 
systems, lowers infrastructure requirements, and eases pressure on the water resource.  

Universal metering programs, that sustain a consumption based rate structure, emphasize the 
watershed-utility-consumer relationship which does not transpire into a community’s psyche 
from flat rate structures. As stated in InfraGuide: “it is a tool to promote public awareness (of the 
service provided) and encourage consumers to be more accountable towards the environment”. 
A revision of the water rate structure and the water conservation strategy is being undertaken 
within the scope of the Water Master Plan. These Water Master Plan components will be 
informed by the Metering Strategy and recommended in this Technical Memorandum. 

Throughout Canada, many provinces have implemented water metering programs to address key 
issues, with over 300 municipalities across the country that have or are in the process of 
metering residential users (Mission, 2012). A national survey estimates that in 2009, the Prairie 
Provinces and Ontario had implemented metering for 87%-99% of residential users, with higher 
metering rates for commercial users. Several authorities such as the Canadian Water and 
Wastewater Association, and the Ontario Water Works Association, have recommended a mix of 
fixed and volumetric rate programs, which many Canadian municipalities have adopted in some 
variation (Mission, 2012).  

While the province of British Columbia has had lower than national average metering rates (only 
40% residential metering according to the same national survey), over 50 municipalities across 
the province have begun following the national trend towards consumption based charges, by 
implementing water metering programs (Mission, 2012). In the Okanagan since 2010, both 
Glenmore and Vernon have begun using agricultural meters, with the latter also successful in 
reducing sewage output through metering. Other municipalities that have implemented water 
metering programs in the Okanagan include Kelowna, Penticton, Osoyoos, Summerland, 
Naramata, Westbank, Lakeview, and Peachland. Combined with user-pay rates implemented in 
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1998, the City of Kelowna has seen a 2% reduction in total water use from 1995 to 2009, despite 
a 30% increase in population and average monthly residential water use drop from 56 m3 to 39 
m3. In the Greater Vancouver Regional District, the municipalities of Surrey, Richmond and 
Delta launched voluntary metering programs in 2003, 2009, and 2012, respectively.  

B.2 Universal Water Metering 

Universal metering programs in and of themselves are of great benefit to a water utility. They are 
a utility management tool to detect leaks in the distribution system, to target areas in need of 
repair, and to quantify water loss. The measurements gathered through the metering program 
enable the utility leadership to monitor performance of the system, to identify inefficiencies, and 
to improve the cost-effectiveness of its operation. The value of this utility management tool has 
been recognised by the BC Water & Waste Association which advocates that every water utility 
should:  

 Actively work towards accurately metering all water taken into its system and all water 
distributed from its system at its customers’ point of service; and  

 Read its meters at sufficiently frequent intervals to enhance the ability to manage its water 
system and support consumption-based rate structures. 

Accurate and reliable universal metering programs provide system management benefits by 
assisting utilities to find and remedy leaks, thereby reducing water treatment costs and water 
loss through the distribution network (BCWWA, 2012). The American Water & Waste 
Association recognizes the water loss risks associated with utilities that do not provide metering. 
Unmetered utilities might have higher than estimated water losses, resulting in significant short-
term operating costs and long-term sustainability issues that may affect the ability of utilities to 
meet long term water demands (BCWWA, 2012). Reduced operating costs and infrastructure 
deferral can be achieved through an effective water loss control program, which integrates 
metering across user zones and suppliers (ie. treatment plants, residential areas, industrial, 
commercial, and institutional users). Universal metering achieves this to a greater extent than 
zone and district metering. The value of a metering program increases with the number of 
readings made across the network, but so does its cost. 

Due to the high capital costs and resistance from the public, universal residential metering is 
generally only implemented in areas where there will be a demonstrated economic payoff.  For 
example in areas where there are frequent water shortages and the reduced water demands 
associated with implementation of metering will defer construction of other costly infrastructure 
projects associated with expanding the existing water supply. 

The benefits of universal water metering include: 

 The provision of an incentive for residents to be mindful of the amount of water used when 
implemented in conjunction with an effective volumetric pricing plan. This therefore reduces 
maximum and average day demand; 

 Improved data on water use; and, 
 Improved identification of private side leaks. 
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The downsides of universal residential water metering include: 

 High cost to install meters; and, 
 Resistance from the public. 

Universal metering has been implemented by municipalities throughout B.C. and is a 
cornerstone of most water conservation strategies. It is a proven method for achieving significant 
water savings over long periods of time in this province. Water savings resulting from the 
installation of meters can vary anywhere from 17% to 39%.  Several variables may contribute to 
the variation, including housing type, rate structure, lot size, climate, and season.  Water savings 
are illustrated in the examples below: 

 City of Nanaimo (1983 onwards): 
 Universal metering and full cost pricing has lead to a 24% reduction in Peak Day demand in 

the City of Nanaimo since 1983. 
 

 
Source: City of Nanaimo Water Conservation Strategy (2008), 

https://www.nanaimo.ca/assets/Departments/Engineering~Public~Works/Water~Supply/Publications~and
~Forms/WaterConservationStrategy.pdf 

 
 City of Vernon (1992 onwards):   

After a pilot project in the late 1980s, the City of Vernon incorporated universal water 
metering in 1992. Billing based upon the meter readings started in 1994. The program 
significantly reduced the amount of water used by the City of Vernon. Water wasted by over 
irrigation and household leaks formed the bulk of the savings. The reduced use extends the 
life of facilities, including water intakes, pump stations and water mains. Reducing sewage 
flows to the water reclamation system produces similar benefits. Significant benefits to the 
environment are alsorealized, including reduced water diversions, as well as less chemical 
and power usage. 
Source: http://www.rdno.ca/docs/how-to-read-a-water-meter.pdf 
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To measure the success of Vernon’s efforts, the average water use of all 5,000 metered homes 
was compared to the baseline water use of the 800 homes that were metered prior to the 
introduction of universal metering in 1992 (changes in precipitation were also factored into 
the analysis). Over a period of ten years, residential water consumption dropped by 35 
percent (of which 25 percent can be attributed to metering and rate changes, and 10 percent 
to the use of ultra low-flow toilets), and wastewater was reduced by 5 percent. 
Source: http://waterbucket.ca/wuc/2005/12/03/vernon-a-pioneer-in-performance-measurement/ 
 

 City of Kelowna (1996 onwards):  
Peak Demand – The City of Kelowna water utility and the Water Smart program strive to 
reduce peak demand. This is the time when water use is at its highest. Peak demand 
generally occurs at the end of July and the beginning of August. The water distribution 
system has to be sized to meet this demand even though it occurs for only a few weeks in the 
summer. Since the introduction of water meters in 1996 and a user-pay water rate in 1998, 
Kelowna residents have reduced per-capita water use by over 20 per cent.  
Source: http://www.kelowna.ca/CM/Page396.aspx 
 
Per-capita water use in Kelowna has been dropping steadily ever since water meters were 
installed in 1996, and a user-pay rate was implemented in 1998. Total water use in Kelowna 
has increased by just two per cent since 1995, despite a 30 per cent increase in population 
over the same period. 
 

 
Source: http://www.kelowna.ca/CM/Page2635.aspx 
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 City of Port Alberni (2000 onwards):  
Universal metering has been installed from 1996 – 1999 with billing starting in 2000. The 
annual water use has been reduced by an average of 34% since that time, while peak day 
water consumption has been reduced by an average of 39%.  
 

 
Source: http://www.portalberni.ca/files/u3/WaterAnnualConsumptionGraf_0.pdf 

 
 District of Peachland (2007 onwards):  

In 2007, As part of the Westside Joint Water Committee (Westbank and Lakeview Irrigation 
Districts, Westbank First Nation and Regional District of Central Okanagan), the District of 
Peachland began the universal installation of water meters. Water meters are an important 
tool for measuring demand for treated water. They provide a fair and equitable payment 
system that is based on the principal of "user pay". It is expected that the water meters will 
result in reduced water usage, reduced repair costs on existing equipment, and provide an 
opportunity for individuals to reduce their water bills by controlling consumption. 
Source: http://www.peachland.ca/cms.asp?wpID=156 
 
After using the mock billing system in 2009, water use was reduced by 17 percent over the 
previous year.  
Source: http://archive-ca.com/page/932999/2012-12-12/http://www.peachland.ca/cms.asp?wpID=156 
 
“In comparison, in 2010 when actual bills for water usage arrived in the mail and residents 
had to begin to pay quarterly for their personal consumption, the number dropped 
substantially to 483,640,550 IGal. That’s a drop of a 179,890,950 IGal from the previous 
year, or a reduction of approximately 27 per cent.” 
Source: http://www.peachlandview.com/2011/02/25/water-meter-numbers-are-in-after-one-year-of-paid-
usage/ 
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 Village of Lumby (2009 onwards): The Village has completed a universal water 

metering program in 2009 and during the course of 2010, water meter usage readings were 
now captured on a monthly basis. During the course of 2010, a rate structure was developed 
that ensures long term maintenance of the water system and future capital expenditures or 
replacement are covered. In 2011, the consumers were invoiced on a user pay basis. With the 
installation of water meters, a modest decrease of water consumption was targeted to be 
around 20% in annual consumption, but as of year-end of 2012, the Village of Lumby has 
seen a reduction of 32.6% in its annual water consumption. 
 

 
Source: https://lumby.civicweb.net/Documents/DocumentDisplay.aspx?Id=590 

Metering and consumption-based rates are considered to be some of the most effective tools 
to reduce municipal water use, with many estimates of the reduction ranging from 20% to 
30% and sometimes higher. By itself, metering has sometimes been shown to induce a 
reduction in water use, but this is thought to be a temporary. Impacts on consumption are 
likely due more to the type of pricing structure used once meters are installed and may 
initially decline steeply, then rise slightly once consumers become used to the new system. 
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B.3 Smart Meters 

The cost of operating universal metering programs has decreased with the advance of smart 
meters. Smart meters enable the collection of meter data at a distance through the transmission 
of the consumption data over radiowaves. These meters have a higher capital cost but this is 
outweighed by the substantial reduction in person-hours required to read meters.  

Smart Meters have been widely discussed in B.C. media, and B.C. Hydro’s initiatives to install 
smart meters across the province in residential areas has met with resistance from the public, 
primarily with concerns over possible health impacts (BCWWA, 2012).  

Perceived risks regard Smart Meters has made implementing metering programs challenging for 
municipalities, however some have addressed these concerns. The City of Kamloops included 
information on the safety of Radio Frequency signals on its website, and has also developed two 
options for those concerned with radio frequency exposure: installation of a manual-read, non-
radio-frequency meter hard-wired to an external touch pad, with an additional charge of $25 per 
quarter for meter reading, or; installation of a radio-frequency meter below ground at the 
property line, with a $1,000 fee for installation (City of Kamloops, n.d.a). 
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This Technical Memorandum discusses the District of Squamish’s (District) goal to work 
towards Full-Cost Recovery for the water utility through a modern and equitable water rate 
structure. The work is a component of the 2015 Water Master Plan and is preceded by the 
District’s Public Works Asset Management Plan (2010 Kerr Wood Leidal) and the Long Term 
Financial Plan Part A – Guiding Principles & Financial Policy (2011 Urban Systems). This 
memorandum builds upon the following documents submitted as components of the 2015 
Water Master Plan: 
 
 Technical Memorandum #1: Long Term Source Development Review 
 Technical Memorandum #2: Water Meter Implementation Strategy 
 District of Squamish AC Watermain Renewal Planning Report 
 District of Squamish Water Conservation Plan 

 

1 Background  

Recent increases to water rates were based on the recommendations of the 2010 Public Works 
Asset Management Plan (AMP). The AMP determined that in order to fund replacement, 
implement preventative and ongoing maintenance programs, and build reserves user rates 
needed to rise by 68% for water. According to the phased rate increase schedule, water rates 
were scheduled to increase by 10% in 2015. The draft submittal of this memorandum found that 
the scheduled 10% increase for 2015 was appropriate and should be implemented. The actual 
increase for 2015 was reduced to 9.5% as a result of the District’s decision to phase out the 
previously-offered early Utilities payment discount of 5% (District of Squamish, 2015)1. 
 
Outcomes from the 2015 Water Master Plan have established that the District is facing a large 
infrastructure capital works plan, including the replacement of a sizeable portion (~50%) of the 
District’s asbestos cement watermains which are due for renewal in the next 20 years. In 
addition to this are the pressing needs for watermain upgrades to address existing fire flow 
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deficiencies in the distribution system and the upcoming projects to support the proposed 
Squamish Oceanfront Development Corporation (SODC) development. Adding to the increasing 
expenditures in the short term is the implementation of a water metering program for the 
District’s Multi-Family (MF) and Industrial, Commercial, and Institutional (ICI) connections as 
well as water conservation initiatives. 
 
Planning for and achieving Full-Cost Recovery of a water utility takes time and requires well 
established asset management practices that are integrated with long-term financial plans. It 
must be understood that the forecasted expenditures and associated revenue increases do not 
necessarily ensure that District will achieve Full-Cost Recovery of their water utility. Instead, the 
recommendations are developed to help put the District on the path towards Full-Cost Recovery 
and establishing equitable water rates which will enable the District to appropriately budget for 
and fund the ongoing costs of operating, maintaining, rehabilitating, and expanding its water 
utility. 
 

2 Principles 

This water rate analysis and rate restructuring assignment must be guided by established 
principles from industry best practices and align with the utility’s best interests. The District’s 
goals, policies, and practices were reviewed in light of industry best practices to develop the 
following guiding principles from which the District’s water rates are assessed. It is 
recommended that the District refine and rewrite these principles such that they fully meet the 
goals, policies, and practices of the water utility. 
 
Referenced documents include: 
 
Industry Best Practices 
 Principles of Water Rates, Fees, and Charges, American Water Works Association M1, 2000 
 Water and Sewer Rates: Full Cost Recovery, Federation of Canadian Municipalities and 

Natural Resources Canada, 2006 
 Water Service Rate Setting Position Paper, BC Water & Waste Association, 2013 

District of Squamish Reports 
 Long Term Financial Plan, Urban Systems, 2011 
 Water Background Report, District of Squamish, 2014 

 

Table 2-1 summarizes the guiding principles used to establish the water rates and structures 
applicable to this assignment. 
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Table 2-1: Guiding Principles for Water Rates and Structure  
Principle Definition 

Full-Cost 
Recovery 

 Revenues are sufficient to support long term goals of the community. 

 Revenues are adequate to cover regular capital, operating, and 
maintenance costs assuming no grants are available. 

 “The generation of sufficient revenues through appropriate pricing of the 
services to cover the full cost of water….services. These include operating, 
maintenance, administration, research and development expenditures, 
financial costs and capital investments in facilities” (FCM and NRC, 
2006). 

Equity and 
Fairness 

 All customers pay an equitable amount for the services they receive. 

 The water utility must be revenue neutral and not subsidize or be 
subsidized by other District services. 

Sustainability  Establish and maintain working capital (accumulated operating surplus) 
using annual surplus to a target value of 1/8th of annual operating 
expenses.  

 Build up capital reserves to fund future infrastructure rehabilitation as 
outlined in the respective asset management plans. A minimum balance 
of 1 year average capital contribution from revenue should be targeted.  

 Reserve the issuance of debt for larger projects where reserves and 
current revenues will not be sufficient. Plan for and finance smaller 
projects through reserves and current revenues.  

 Taxes do not fluctuate greatly from year to year 

Simplicity and 
Transparency 

 The rate structure is simple yet meets all principles 

 Rates are transparently derived and billing should be clear 

 Costs are recovered from user fees 

Conservation  The water rate structure must provide a means to incentivize water 
conservation but must also recoup the necessary finances to fund the 
utility. 

 

3 Water Rate Analysis 

A water rate analysis requires the development of a long-term financial plan that is integrated 
with asset management practices, water conservation goals, and community growth targets. 
 
Opus DK developed a financial model specifically designed to assist the District’s water utility in 
carrying out the water rate analysis. The financial model incorporates the guiding principles for 
water rates and structures into the utility’s financial plan to provide the recommendations 
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needed to help the utility work towards Full-Cost Recovery over the long term. The financial 
model calculates the revenues, reserves, and the associated water rate increases required to 
fund: 
 
 Rehabilitation of deteriorating infrastructure; 
 Capital investments to address existing deficiencies; 
 Administration, operations, and maintenance costs; and, 
 Long-term borrowing costs. 

 
It should be noted that limitations to the water rate analysis include that the assessment is based 
on estimates developed from today’s assumptions and knowledge and that going forward the 
model should be reviewed with changing economic, social, and environmental conditions as 
required. 
  
This section discusses the District’s previous water rate increases based on a desktop review, the 
financial planning exercise carried out through the financial model, and recommendations for 
increases to water rates in the short term. 
 
3.1 Review of Previous Water Rate Increases 

Previous rate increases were applied equally to each of the fixed rate customer classes, the fixed 
metered rate, the minimum monthly charge for metered service, and the rent for meter charge. 
The result of increasing all customers by the same percentage is that the gap between the 
residential flat rate and some business customer classes has grown. Figure 3-1 illustrates that 
while the rate for a single family dwelling has increased $145 from 2008 to 2014, the rate for a 
commercial laundry has increased $472. 
 

 
Figure 3-1 – Comparative Water Rate Increases from 2008 to 2014 
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In addition to the widening water rates gap, the District recognizes that the existing water rate 
structure is out of date and charges ICI users based solely on business type. Therefore, a 
component of this study is to provide recommendations on how the District can restructure its 
water rates to provide equitable water usage billing for all customers. The recommendations for 
a new water rate structure must also consider the direction from District Council to implement 
MF and ICI metering by the year 2017, and a public process by which the proposed water rate 
structures are introduced to the public for consultation. Section 4 provides recommendations 
for transitioning to several different water rate structure options available to the District. 
 
3.2 Financial Planning 

The development of a long-term financial plan for a water utility is an iterative process whereby 
the results of the analysis based on today’s assumptions provide feedback which influences 
decisions on the timing of capital and rehabilitation projects as well as new operational and 
maintenance programs. Therefore, a financial model specific to the District’s water utility was 
created to forecast costs and revenues of a long-term financial plan.  

The information used to populate the financial model was obtained from the following sources: 
 
District of Squamish Documents 
1. Public Works Asset Management Plan, Kerr Wood Leidal (KWL), 2010 
2. Long Term Financial Plan, Urban Systems, 2011 
3. Water System Asset Management Five-year Capital Plan, KWL, 2012 
4. Water Background Report, District of Squamish, 2014 
5. Revenue and Expenses for Fiscal Years 2009-2014 
6. Five Year Financial Plan Reports 
7. Water Rate Bylaw No. 676 
8. 2014 Water Listing Water Charges Report 
9. Historic Water Meter Readings 
10. Official Community Plan Growth Projections 
 
2015 Water Master Plan 
1. Technical Memorandum #1 – Long Term Source Development Review 
2. Technical Memorandum #2 – Water Meter Implementation Strategy 
3. District of Squamish AC Watermain Renewal Planning Report 
4. District of Squamish Water Conservation Plan 
5. Table 9-2 Capital Projects List 

3.2.1 Expenditures 

Expenditures included in the financial model include estimates for operating costs of the utility, 
rehabilitation of deteriorating assets, capital investments to address existing deficiencies, 
contributions to development projects, and principle and interest payments on long term debt. 
Cost estimates are increased to account for inflation, engineering design, and contingencies. 
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3.2.1.1 Operating Costs 

Actual water operations expenditures in 2013 serve as the base year for the financial analysis. 
This base year is considered to be the most appropriate to go by since by 2013 the District had 
implemented many of the recommendations documented in the AMP and the Core Service 
Review. The recommendations included the adoption or modification to the unidirectional 
flushing, cross connection control, hydrant maintenance, reservoir maintenance, and leak 
detection programs.  

 
However, it is noted that the 2013 expenditures related to each of these new programs might not 
be representative of their average annual cost as they are in the early stages of adoption and 
District staff are still incorporating efficiencies into running the programs, which could in turn 
further reduce costs. Nonetheless, using 2013 as the base year over the previous years is the 
most reasonable estimation to make.  
 
Improved financial recording, expansion of programs previously in place, growth of the asset 
inventory, and an aging system will likely increase operating costs. Opus DK assumed that the 
2013 operating costs will increase by approximately 1% or about $20,000 per year (before 
inflation) as a result of growth of the system and aging infrastructure. 
 
Additional operating costs also included in the financial analysis which stem from the 2015 
Water Master Plan recommendations are summarized in Table 3-1. 
 

Table 3-1: Additional Water Operation Expenditures 

Additional Operating Expenditures Cost Years 

Water Conservation Plan 

Outdoor Water Use Bylaw Enforcement $33,000 2015 onwards 

Customer Water Audits $16,500 2016 onwards 

Public Education Campaigns $18,500 2015 onwards 

Water Meter Implementation Strategy 

Revise Bylaw for Installation $5,000 2015 

Administration and Operator Training $25,000 2016 

Public Education Program $20,000 2017 

Meter Reading, Data Entry, and Billing ~$30,000 2016 

Meter Reading, Data Entry, and Billing ~$51,000 2017 
 
Opus DK is also cognisant of the Core Service Review recommendation for a review of the 
SCADA system to address gaps in the online monitoring and control system and a review of 
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operating and maintenance procedures in comparison to AWWA recommendations. However, 
the potential scope and costs of these projects are not included in the financial modelling. 

3.2.1.2 Infrastructure Costs 

Table 9-2 of the Water Master Plan provides a comprehensive summary of the prioritized list of 
recommended Capital Projects including AC watermain renewals. All noted projects were 
incorporated into the financial model such that the impact on required water rates and reserves 
could be assessed on an annual and long-term basis. 
 
The implementation of the MF and ICI water metering program is estimated to cost over $2 
million between 2016 and 2017. For the purposes of long-term financial planning, it was 
assumed that no grant funding would be available to offset the cost of the water metering 
program and that the water utility would need to rely on long-term borrowing to fund the 
implementation of the program. However, at the time of submission of this memorandum, the 
Water Meter Capital Works Loan Authorization Bylaw No. 2393, 2015 has not yet been 
approved by District Council and will be subject to an Alternative Approval Process. For 
completeness assuming that bylaw is approved, the principle and interest payments associated 
with borrowing $1,880,081 were included in the long-term financial plan; refer to Section 
3.2.1.3. 
 
A high-level review was also conducted of the District’s asset inventory to identify additional 
assets (other than AC watermains) that will require rehabilitation or replacement before 2031, 
see Table 3-2 below. 
 

Table 3-2: Assets identified from review of the District Asset Inventory 

Asset Comments1 
Rehab. 

Cost 
Included? 

Thunderbird Reservoir The Thunderbird Reservoir is scheduled for a condition 
assessment in 2016/2017. For the purposes of long-term 
financial planning, an estimated replacement cost of 
$1.39 million (2014 dollars) was derived from the 
District’s asset inventory and was assumed to be 
incurred in the year 2028. 

 

Plateau Reservoir The Plateau Reservoir is scheduled for a condition 
assessment in 2016/2017. For the purposes of long-term 
financial planning, an estimated replacement cost of 
$1.83 million (2014 dollars) was derived from the 
District’s asset inventory and was assumed to be 
incurred in the year 2023. 
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Asset Comments1 
Rehab. 

Cost 
Included? 

Alice Lake Reservoir The Alice Lake Reservoir is approximately 50 years old 
and will likely need replacement in the planning horizon 
of the Water Master Plan. For the purposes of long-term 
financial planning, an estimated replacement cost of 
$1.89 million (2014 dollars) was derived from the 
District’s asset inventory and was assumed to be 
incurred in the year 2020. 

 

Boulevard Reservoir The Boulevard Reservoir is approximately 38 years old 
and will likely need replacement in the planning horizon 
of the Water Master Plan. For the purposes of long-term 
financial planning, an estimated replacement cost of 
$1.15 million (2014 dollars) was derived from the 
District’s asset inventory was assumed to be incurred in 
the year 2027. 

 

Electrical and Mechanical Components of: 
o Powerhouse Springs Control Building  

o Powerhouse Springs Wells 
o Chlorination Station 
o University Pump Station 

The electrical and mechanical components of these 
assets will likely need to be rehabilitated within the 
planning horizon of the Water Master Plan. However, 
neither the cost nor the timing of the rehabilitation, 
replacement, or upgrade of these assets has been defined 
by the District and, as such, their replacement was not 
included in the long-term financial plan. It is 
recommended that District budget accordingly for the 
rehabilitation or replacement of the assets and adjust 
water rates as needed. 

 

Water Meter at the Powerhouse Springs 
Control Building 

The water meter at the Powerhouse Springs Control 
Building was recently replaced in 2013 and, based on a 
service life of 15 years, could be due for replacement in 
2028. For the purposes of long-term financial planning, 
an estimated replacement cost of $67,000 (2014 dollars) 
derived from the District’s asset inventory was included 
in the long-term financial plan. 

 

Water Utility SCADA equipment The Core Service Review Final Report recommended 
that “a review of the SCADA system must be undertaken 
with the goal of addressing gaps in the online monitoring 
and control system for key elements of the water utility, 
such as disinfection and reservoir levels”. It is further 
recommended that the long-term costs of maintaining 
and replacing SCADA equipment be budgeted for and 
that water rates updated as needed. 

 

 
It is recommended that through their asset management practices, District staff continue to 
assess the remaining useful life of the water utility assets and budget for these expenses 
accordingly. For example, while the Powerhouse Springs Wells currently has a budget of 
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$50,000 allocated for well re-development (cost of surging and bailing, hydro-pulsing, or other 
programs to maintain the specific capacity of the wells) a budget for the rehabilitation or 
replacement of mechanical or electrical components of the Powerhouse Springs Wells has not 
yet been determined. It must be recognized that water rates may need to increase once these 
costs are known. 

3.2.1.3 Long-Term Debt 

The District’s existing long-term debts are included in the financial model at their existing 
interest rates and repayment schedules. 
 
In accordance with the principles of Full-Cost Recovery and Sustainability, the long-term 
financial plan sought to reduce reliance on long-term borrowing. Therefore, the use of loans to 
fund infrastructure projects are minimized in the financial analysis. It is estimated that the only 
long-term debt required is for the implementation of the MF and ICI water metering program  
 
The Meter Capital Works Loan Authorization Bylaw No. 2393, 2015 (not approved at time of 
writing) is for the authorization to borrow $1,880,081 of the $2,027,403 (2014 dollars) required 
for the installation of MF and ICI water meters. For completeness, it is assumed that this bylaw 
will be approved and that the borrowing will occur equally between 2016 and 2017 from the 
Municipal Finance Authority (MFA) at an interest rate of 5%. The MFA ‘Amortization Schedule’ 
spreadsheet tool is used to calculate the principle and interest payments for a loan with a 20-
year amortization period and a 4% actuarial rate. The available funds from the loan are reduced 
by 1.6% to account for hold-backs from the MFA. 

3.2.1.4 Volume Based Rental 

The new British Columbia Water Sustainability Act updates and replaces the existing Water 
Act. The Water Sustainability Act will be brought into effect in 2016 and its implementation is 
being phased in. The initial steps include updating regulations related to authorizing water use, 
water fees and rentals, and the regulations needed to authorize and manage groundwater use. 
(http://engage.gov.bc.ca/watersustainabilityact/). 
 
Based on an initial review of the documentation associated with the Water Sustainability Act, 
the implications for the District include the requirement to obtain a water licence (a one-time 
fee) and pay water fees and rentals based on volume of groundwater used. The water licence fee, 
if applied for in 2015, is $2,000. The volume-based rate is $2.25 per 1,000 cubic meters; or 
$0.00225 per cubic meter. 
 
The District withdrew approximately 3,907,310 m3 in 2014. The total annual volume-based cost 
would have been $8,791 or about $0.46 per person. The annual volume based rental costs are 
included in the long-term financial plan at the rate of $0.00225 per cubic meter. 
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3.2.1.5 Inflation 

Increased costs due to inflation are an important yet unpredictable variable in long-term 
financial plans. To provide an order-of-magnitude estimate of future costs due to inflation, all 
costs are inflated based on the assumed inflation rates listed in Table 3-3. 

Table 3-3: Inflation Rates 

Cost Inflation Rate  
(per year) Rationale 

Infrastructure 3% Based on a review of the Engineering News Record Historical 
Construction Cost Index, the average annual cost increase over 
the past 5 years was close to 2.75% and the January 2014 to 
January 2015 increase was 3.19%. A forecast of 3% was 
therefore considered to be a reasonable estimate that is 
sufficiently conservative for financial planning. 

Operations 2% Based on a review of the historical Vancouver Consumer Price 
Index, the average annual increase over the past 5 years was 
1.34% with a minimum of 0.2% in 2013 and a maximum of 
2.3% in 2011. The District normally assumes a 2% annual 
increase to operating expenses, which is considered to be a 
reasonable estimate that is sufficiently conservative for 
financial planning. 

 
3.2.1.6 Engineering and Contingency 

The infrastructure cost estimates are increased by 30% to account for Engineering Design and 
Contingency. 

3.2.2 Reserves 

The District maintains four reserves for the water utility: 
 
1. Rehabilitation & Replacement Reserve – 2013 End of Year Balance: $1,867,083 
 

This reserve provides funding for rehabilitation and replacement projects when forecasted 
revenues are insufficient. 
 
The principle of Sustainability requires that a minimum balance of 1 year average capital 
contribution from revenue should be targeted. The AC Watermain Renewal Planning Report 
estimated that the average annual AC watermain replacement cost from 2025 to 2031 is on 
the order of $1.7 million (2014 dollars) per year. When inflated at 3% per year, the annual 
watermain AC watermain replacement cost would be around $2.6 million by 2025 and $3.2 
million by 2031. The report also recommended that upwards of $12.6 million (2014 dollars) 
be deferred past the 2031 planning horizon. It will therefore be important to continue to 
build the Rehabilitation & Replacement Reserve to provide funding for these deferred costs. 
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For the purposes of long-term financial planning, it is assumed that a Rehabilitation & 
Replacement Reserve balance of $3,500,000 should be targeted for the end of the year 2031. 
 

2. Unappropriated Surplus – 2013 End of Year Balance: $1,035,333 
 

This reserve provides the cash flow required to fund operations from January 1 to June 30 
until utility bills are collected. Therefore, no interactions with this reserve are included in the 
long-term financial plan which focused on the end of year balance in the reserves. 
 

3. Water Works Sinking Fund Surplus – 2013 End of Year Balance: $551,557 
 
This reserve has an established contribution methodology based on sinking fund surpluses 
and should only be drawn from when the Rehabilitation & Replacement Reserve cannot 
provide sufficient funding. Therefore, for the purposes of long-term financial planning, this 
reserve is not used to provide funding for any operations or capital expenses and is assumed 
to provide for contingencies, for emergencies, or other unforeseen costs. 
 

4. DCC Reserve – 2013 End of Year Balance: $659,900 
 
The Development Cost Charge (DCC) reserve is not analyzed in the financial model and it is 
assumed that DCC’s funding would be available for capital projects as required. The 
estimated DCC contribution requirements for Capital Projects are provided in Table 9-2 of 
the Water Master Plan. 

 
3.2.3 Revenues 

The principle of Sustainability requires that taxes do not fluctuate greatly from year to year. 
Therefore, only funding sources that provide predictable and reliable revenues are considered 
when determining the anticipated revenues. Frontage Taxes, Flat Rate (User Fees), Meter Rates, 
Meter Rentals, and Hydrant Rentals, which provided the majority of revenues in 2013, are 
considered to be the primary sources of revenue.  
 
Development Cost Charges (DCC) were assumed to offset the cost of capacity related upgrades 
to service new developments (i.e. the District only pays for their required contribution to 
capacity upgrades). It is assumed that the DCC contribution to projects will be funded by DCC 
reserves and not by other water utility reserves. This assumption will need to be reviewed in 
light of funding requirements and agreements associated with the SODC infrastructure projects. 
 
Return on investments were calculated based on the balance in each reserve account. Interest 
earned is based on a conservative interest rate of 1% of the previous year’s account balance 
added to the corresponding reserve fund. 
 
The principle of Full-Cost Recovery requires that revenues are adequate to cover regular capital, 
operating, and maintenance costs assuming no grants are available. Therefore, revenues were 
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projected within the financial model such that all expenses were recovered while maintaining 
and building reserve balances. The projection of expenses, reserves, and revenues is illustrated 
in Figure 3-2. 
 

 
Figure 3-2 Overall Water Utility  

 
It is projected that revenues will need to increase between 4% and 6% annually until at least 
2020 if the District is to work towards Full-Cost Recovery. This increase is largely required to 
fund the inflationary costs of future capital projects, reinvestment projects, and operations. The 
revenue increases are assumed to be funded in part by population growth and additional 
increases to water rates (see Section 3.3).  
 
Further, while revenue increases after 2020 are projected in the financial model they are based 
on today’s assumptions and it is therefore prudent that the District revisit the financial plan at a 
later date to refine the assumptions and estimates.  
 
The implementation of the MF and ICI metering program could result in additional revenues 
being recovered through a Meter Rental Rate (this will of course depend on the revised water 
rate structure).  These additional revenues should be sufficient to fund the expenses of the 
metering program.  It is therefore important to highlight that the revenues recovered from the 
Meter Rental Rate, which are required to fund the expenses of the metering program, are in 
addition to the recommended 4% to 6% annual increase to revenues. 
 
The forecasted revenues and expenses of the water utility are checked against indicators of 
financial sustainability outlined in Table 3-4. With the exception of the Liability Servicing Cost 
Ratio, the ‘Long-Term Targets’ are referenced from literature and it is recommended that the 
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District develop its own long-term targets for each of the indicators of financial sustainability for 
the water utility.  

Table 3-4: Indicators of Financial Sustainability 

Indicator Long-Term 
Target 
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The Operating Surplus Ratio indicates whether revenues recover the full-
costs to operate and sustain the system, including renewal and replacement of 
existing infrastructure.1 

1. A positive ratio indicates the percentage of total revenues available to fund 
proposed capital expenditures.2 

2. A negative ratio indicates the percentage increase in total revenues that 
would be required to achieve a break-even operating result.2 

Note: A positive Operating Surplus Ratio must correspond with revenues and 
expenses that achieve Full-Cost Recovery. 

 

Figure 3-3: Operating Surplus Ratio 

It is estimated that the District is facing approximately $42 million in operating 
expenses and $54 million in infrastructure expenses from 2015 through 2031.  
The average annual operating surplus ration should therefore be at least 56% 
($54 / $96).  Based on the analysis as shown in Figure 3-3, the District is 
anticipated to have an adequate operating surplus to fund the Capital Upgrades 
Plan and rehabilitation projects.  This conclusion is further supported by 
analysis of the Water Capital Reserve to Operating Expense Ratio on the 
following page. 
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The Water Capital Reserve to Operating Expense Ratio indicates the 
short-term resilience to unexpected changes in revenues or costs.1 

1. A reserve to operating expense ratio of 12.5% or greater means that the 
reserve savings are considered to be adequate to buffer against unexpected 
changes in revenues or operating costs from year to year.1 

2. A reserve to operating expense ratio below 12.5% indicates that a community 
may be vulnerable to unexpected revenue shortfalls or unanticipated 
expenses, and as a result may have difficulty delivering the expected level of 
service or recovering from change when an unexpected event occurs.1 

 

Figure 3-4: Water Reserve to Operating Expense Ratio 

As shown by Figure 3-4, the anticipated Water Reserve to Operating Expense 
Ratio indicates that the District’s reserve balances should be capable of providing 
short-term resilience to unexpected changes in revenues or costs. 
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The Liability Servicing Cost Ratio indicates the ability of a municipality to 
pay for past transactions and events. It is the District’s policy that the liability 
servicing cost ratio not exceed 20% of the controllable and sustainable revenues 
from the previous year3. 

Note: For a self-funded water utility, it can be argued that the same maximum 
should apply. Therefore, for the water utility to work towards Full-Cost Recovery 
and be financially sustainable, the liability servicing cost within the utility should 
not exceed 20%. 

 

Figure 3-5 Liability Servicing Cost 

The District debt repayment commitments as of 2014 include approximately 
$2.36 million in interest payments and $2.48 million in principle payments.  
These payments represent about 4% of total annual expenses.  By limited the 
reliance on borrowing to fund planned capital projects the District can benefit by 
both paying less interest and preserving their borrowing capacity for unexpected 
projects or shortfalls in revenue projections.  

As shown by Figure 3-5, the use of long-term borrowing is minimized in the 
long-term financial plan. Consequently, the Liability Servicing Cost Ratio starts 
to approach zero by 2031. 

Maximum 
20% 

1. Are our Water Systems at Risk? Assessing the Financial Sustainability of BC’s Municipal Water and Sewer Systems, BC Water & 
Waste Association, February 2015. 
https://www.bcwwa.org/resourcelibrary/Are%20Our%20Water%20Systems%20at%20Risk%20-%20Full%20Report.pdf  

2. LGA ‘Financial Sustainability’ Information Paper No.9: Financial Indicators, Local Government Association of South Australia, 
2012. 

3. Long Term Financial Plan, Urban Systems, 2011 
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3.3 Water Rate Increases 

The District is facing a number of significant capital costs in the next 17 years. Opus DK 
estimates that from 2014 to 2031 there are approximately $100 million of expenditures to 
address deteriorating AC watermains, replace aging infrastructure, improve existing fire flow 
deficiencies, and safely operate and maintain the water utility. The District is also facing a 
potentially significant population growth – the 2010 OCP estimates that there will be an annual 
residential growth of 2.62% and ICI growth of 1.73%. 
 
For the purposes of modeling the future hydraulic demands of the water system, an optimistic 
growth rate is considered conservative. This ensures that if a residential growth rate of 2.62% 
and an ICI growth rate of 1.73% are achieved the District will have adequately planned for 
meeting future water demands. Similarly, the projection of revenue requirements is conservative 
if revenues provide for Full-Cost Recovery of the capital and operational costs associated with 
higher growth rates. 

Conversely, the projection of future water rates is conservative if it is based on a lower than 
expected population growth rate. Water rates based on lower growth rates help to provide for 
financial sustainability if developments are delayed and the associated tax base is not realized 
until future years.  The District’s population was estimated to be 17,674 in 2011 and 18,319 in 
2013 which equates to an annual percent change of only 1.8%. Therefore, to estimate future 
water rate increase a residential growth rate of 1.5% was selected along with a 1.0% ICI growth 
rate. The 1.0% ICI growth rate is proportional to the growth rates provided in the 2010 OCP. 

The results of the water rate analysis indicate that the District should target annual water rate 
increases of 4% in 2016 through to 2020 to work towards Full-Cost Recovery. It is 
recommended that the District review its required water rate increases on an annual basis and 
adjust the rates in light of changing economic, social, and environmental conditions. If, for 
example, the population increases faster than expected, then the benefits of economies of scale 
could be passed on to water utility customers through smaller rate increases.  
 
Similar to the projected revenues, increases to water rates after 2020 are projected within the 
financial model but should be determined though a subsequent water rate analysis as these 
estimates are limited as that they are based on today’s assumptions.  
 

4 Water Rate Restructuring 

The District’s existing water rate structure is outlined in Bylaw No. 676 Schedule “A” and was 
last updated in February 2015. The existing water rate bylaw is comprised of 34 fixed rate 
customer classes, a fixed metered rate, a minimum monthly charge for metered service (not 
currently invoiced), and a ‘Rent for Meter’ charge. While the existing water rate structure is 
capable of meeting the principles of Full-Cost Recovery and Sustainability, it does not support 
equity and fairness, is not simple and transparent, and does not support water conservation. The 
District recognizes that the existing water rate structure is out-dated and therefore, as a 
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component of this study, the District has sought recommendations for a modern, equitable rate 
structure. 
 
4.1 Water Rate Structures throughout British Columbia  

Table 4-1 contains the 2013-2014 water rates of various structures in communities with 
comparable populations to the District across British Columbia. The categories were separated 
between single family customers and mixed use customers, which may include MF and ICI. The 
table illustrates that water rate structures vary from flat rates, to uniform metered rates, to 
increasing block metered rates, and to decreasing block metered rates. This reinforces the fact 
that the type of rate structure is very much dependent on the goals and objectives of the 
community. Furthermore, metered rates range from $0.216-$2.250/m3 for average usage but 
are generally balanced by the minimum required charge. It should be noted that most 
communities either rely on or are transitioning to a metered structure rather than having flat 
rates for mixed use customers (i.e. MF residential plus ICI). 
 
The variety of water rate structures supports the fact that a rate structure should be consistent 
with the goals and objectives of the community. 

Table 4-1: Water Rate Structures in British Columbia Communities 

Community 2014 
Pop. 

Single Family Mixed use 

Flat Rate 
($/year) 

Min. 
Charge 

($/year) 

Metered Rate 
($/m3) 

Min. 
Charge 

($/year) 

Metered Rate 
($/m3) 

Parksville 12,227  $72.80 

$0.624 to 60 m3 
$1.248 to 120 m3 
$2.080 to 160 m3 
$3.120 to 400 m3 

$1.747 over 400 m3 

 

Billed Quarterly 

$145.60 $1.747 

Lake Country 13,015 $635 $550 $0.44 over 130 m3 $550 $0.47 over 130 m3 

Powell River 13,108 $295.45   flat rate - varied 
Central 
Saanich 15,794  $138 $2.25 $138 $2.25 

Port Alberni 16,683 

$1182.72 
Refusal 

 
$295.80 
Awaiting 

Meter 

 

$0.471 to 1,133 m3 
$0.373 next 2,266 m3 
$0.304 next 5,666 m3 
$0.262 over 9,066 m3 

 

Billed Annually 

 

$0.471 to 1,133 m3  
$0.373 next 2,266 m3 
$0.304 next 5,666 m3 

$0.262 over 9,066 m3 

Oak Bay 17,448  $160.93 $0.773 $160.93 $0.773 
Pitt 
Meadows 18,673 $438   $276.00 $0.630 

Squamish 19,294 $351.05   $1,875.61 $0.58272 
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Community 2014 
Pop. 

Single Family Mixed use 

Flat Rate 
($/year) 

Min. 
Charge 

($/year) 

Metered Rate 
($/m3) 

Min. 
Charge 

($/year) 

Metered Rate 
($/m3) 

Cranbrook 19,785 $240   $378.90 
$0.216 to 1,000 m3 

$0.218 next 1,000 m3 
$0.220 next 1,000m3 

Fort St. John 21,523  $156 $1.28 $156 $1.28 
City of 
Langley 26,652  $50 $1.12 $50 $1.12 

West 
Vancouver 43,000  $216 

$0.96 to 60 m3 
$1.30 next 120 m3 

$1.56 for over 120 m3 

 
Billed Quarterly 

 $1.10 

North 
Vancouver 52,346 $380    $0.9888 

1. Minimum Monthly Charge for metered service of $156.30 x 12 months per year. 
2. $1.65 per 100 cubic feet is equivalent to $0.5827 per cubic meter (m3) 
 

4.2  Transitioning to a New Water Rate Structure 

A recent decision by District Council to install water meters on the service connections of all MF 
and ICI users by the end of 2017 is a necessary step in the development of a water rate structure 
which meets the principles listed in Section 2. Metering water usage of MF and ICI users allows 
for volumetric billing to be developed which may support equity, fairness, and water 
conservation principles. 
 
The process to establish a water rate structure is well defined in the following documents: 
 
1. Principles of Water Rates, Fees, and Charges, AWWA M1, 2000 
2. Water and Sewer Rates: Full Cost Recovery, FCM and NRC, 2006 
3. Water Service Rate Setting, BCWWA, 2013 

These documents provide the following general steps required to develop a water rate structure: 
 
1. Defining the Goals and Objectives of the Rate Structure 
 
2. Evaluating the Available Alternatives and Selecting a Rate Structure 
 
3. Understanding and Communicating the Potential Effects on Customers 

a. Identify Customer Data 
b. Determine System Data 
c. Allocate Costs of Rate Components 
d. Evaluate Rate Impact 
e. Develop Implementation Strategy 
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While Opus DK does not recommend a specific rate structure as a recommendation of this 
assignment, the following sections provide the general steps required for the District to 
transition to a new water rate structure. 

4.2.1 Defining the Goals and Objectives of the Rate Structure 

The principles listed in Section 2 were compiled by Opus DK from the District’s documented 
goals, policies, and practices and are considered to be in line with established industry best 
practices. 
 
Due to the potential impact to some ICI customers, it is 
recommended that through public consultation the District confirm 
the principles on which the new rate structure is to be based. 
Through this process the District will be able to defend why certain 
customer’s water rates will increase while others will decrease. The 
process may also identify additional principles such as affordability, 
administrative simplicity, and industry support or economic 
development. 
 
It is important to be aware of conflicting principles. For example, the principle of supporting 
water conservation lends itself towards a high proportion of revenues being recovered through 
the volumetric rate as compared to the minimum or fixed charge. However, a high proportion of 
revenues recovered through volumetric rates creates a risk to the financial sustainability of the 
water utility. The selected water rate structure needs to find a balance to both provide an 
incentive for water conservation and to recoup the necessary revenues for the utility.  

4.2.2 Evaluating Available Alternatives and Selecting a Rate Structure 

There are various approaches to take to structure water rates. Any combination of flat rates and 
metered rates including fixed charges, volumetric rates, and meter rental rates could be 
applicable to a municipality’s water rate structure. It is the defined goals and objectives and 
available water usage information that will ultimately guide the development of the rate 
structure. 
 
The decision to implement water metering for MF and ICI customers and not for single family 
customers results in the need for a water rate structure which includes both flat rates and 
metered rates. 

4.2.2.1 Flat Rates 

At this time, the District is not implementing water metering on single residential dwellings. 
There are options to set varying flat rates for different classes of single family residents (e.g. 
meters of frontage or lot size) however, “their fairness is questionable since the basis of the rates 
may not correspond to actual usage by individual customers” (Water and Sewer Rates: Full Cost 
Recovery, FCM and NRC, 2006). Opus DK recommends that the District continue charging all 
single family residential dwellings a uniform flat rate. 

Full-Cost Recovery 
Equity and Fairness 

Sustainability 
Simplicity and 
Transparency 
Conservation 
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In 2014, there were 435 secondary suites charged an annual flat rate equal to 80% of the single 
family residential dwelling annual flat rate. Secondary suites will not be metered under the MF 
and ICI metering program and therefore the cost of supplying water to secondary suites should 
not include the cost of reading and maintaining water meters. The cost of which is estimated at 
$26 per meter for readings, $26 per meter for data entry, and $63 for the meter rental charge – 
a total cost of $115 per year. Excluding the cost of reading and maintaining a water meter, a 
secondary suite would pay approximately 70% of cost of a single family residential dwelling. 
However, according to the Water and Sewer Rates: Full Cost Recovery report, “unmetered 
customers should pay 10-15% more than the average charge for metered customers in the same 
class to account for their typically higher water use”. It is therefore reasonable that the District 
continue to charge secondary suites 80% of the single family residential dwelling annual flat 
rate. 

4.2.2.2 Metered Rates 

Metering water usage of MF and ICI customers will provide the District with the information 
required to set metered rates. It is recognized as best practice by the Canadian Water and 
Wastewater Association (CWWA) for metered customers to have a two-part rate structure: fixed 
charges and volumetric rates. The fixed charges usually recover the costs associated with water 
meter replacement, meter reading and billing, and can also recover a portion of the total cost of 
supplying water to provide the municipality with a reliable revenue source. The volumetric rates 
recover the remainder of the cost of supplying water. 

It is the intention of the District that the total cost of supplying water to a MF dwelling unit be, 
on average, equal to that of a single family dwelling unit. This means that the total revenue 
recovered from the meter rental rate, the fixed charge, and volumetric rate from a multi-family 
dwelling unit should, on average, equal that of a single family dwelling unit. The fixed charges 
and volumetric rates should also be equal for MF and ICI customers using the same amount of 
water. This is consistent with the practices of other municipalities in British Columbia; see Table 
4-1. 
 
Opus DK recommends that the District consider including the following three components in 
the new water rate structure: 
 
1. Fixed Charge 
2. Volumetric Rate 
3. Meter Rental Rates 

An important consideration for the implementation of the MF and ICI metering program is that 
many customers will share a water meter. For example, a multi-family residential building may 
only be serviced by one water meter. It will therefore be necessary for the District to work with 
property owners, property managers, strata councils, etc. as it is one of these groups that will 
receive the water utility bill from the District. It will then be the responsibility of the property 
owner, property manager, or strata council to determine how the water utility bill will be 
allocated and collected from the individual units. 
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1. Fixed Charge 

It is prudent to set a Fixed Charge for metered customers. The Fixed Charge provides the 
District with a degree of revenue stability which protects the District if water consumption 
decreases more than expected and insufficient revenues are recovered through the 
volumetric rate. Revenue stability is necessary to the District due to the need to fund 
infrastructure projects such as the AC watermain replacements. 

 
There are number of options to consider when setting the Fixed Charge. The Fixed Charge 
can be set to recover utility’s fixed costs, fixed costs directly related to metered customers, 
or a portion of total revenues. 

 
 Option 1: Recover Utility’s Fixed Costs 

 
Review of the water utility finances indicate that the District’s costs to operate and 
maintain the water utility are largely fixed. The largest variable costs are that of 
Purification & Treatment and Pumping & Power which in 2013 only accounted about 10% 
of the total administration, operations, and maintenance expenses (excluding capital 
expenditures). However, if the Fixed Charge were to recover the water utility’s fixed costs 
(90% of total costs) the Variable Rate would not promote conservation. 
 
Option 2: Recover Fixed Costs Directly Related to Metered Customers 

 
Fixed costs related to metered customers include meter reading, usage data entry, and 
replacement. The cost of meter replacement should be recovered through the Meter Rental 
Rates; the separation of Meter Rental Rates from the Fixed Charge is necessary due to cost 
differentials say between a ¾” water meter and a 10” water meter. The cost of meter 
reading and usage data entry is about $54 per meter per year and if the Fixed Charge were 
to only recover this amount and the remainder of costs are recovered through the 
Volumetric Rate, then the rate structure would not likely provide revenue stability if water 
usage plummets. 
 
Option 3: Recover a Portion of Total Revenues 

 
A third option is to set the Fixed Charge such that a portion of revenues are reliably 
recovered. 

 
Opus DK recommends that the District develop a policy for setting the Fixed Charge. For 
example, the District’s policy could be that the Fixed Charge plus the Meter Rental Rate 
for a ¾” meter be equal to the Flat Rate charged to single family customers. Therefore, 
only ICI customers who use more water than the average single family would pay for the 
additional amount of water and only ICI customers who require a larger water meter 
would pay the higher Meter Rental Rate. Such a policy could only be set once the District 
has collected sufficient water usage data to understand the demands of MF and ICI users. 
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2. Volumetric Rate 

Volumetric rates promote the conservation of water through the awareness of 
consumption (i.e. the more you use, the more you pay). Three common volumetric water 
rate structures that promote water conservation are outlined in Table 4-2. 

 
Table 4-2: Volumetric Rate Structures 

Volumetric 
Rate Structure 

Comments 

Uniform Rate 

The simplest volumetric rate structure where the unit price of water is fixed 
regardless of the amount of water consumed or the customer class (residential 
or ICI). It is viewed as an equitable method of charging for water usage and is 
easy to understand and implement.  

Increasing 
Block Rate 

The volumetric rate increases in steps (blocks) as consumption increases. The 
structure is designed to promote water conservation and thus may result in 
unstable revenue recovery, particularly if a high percentage of revenue is 
recovered from the volumetric rate. This structure can be difficult to 
implement because for it to be understandable and equitable there must be a 
clear rational for setting the rate blocks.  

Seasonal Rate 

The volumetric rate increases in the peak demand season. A seasonal rate is a 
simple and easy to understand method of encouraging water conservation 
during dry summer months. However, similar to the increasing block rate, 
this structure may result in unstable revenue recovery if consumption 
decreases more than expected. 

 
The uniform rate allows for a simple and transparent method of recovering costs equitably 
from all customers. If the volumetric rate is set appropriately, a uniform water rate 
structure can also encourage conservation. Based on our limited knowledge of existing 
water usage patterns in the District, Opus DK recommends that the District develop a 
uniform volumetric rate structure to be used as a starting point in public consultation and 
shadow billing (see Section 4.2.3).  

 
As the District collects and analyzes water meter data from MF and ICI users in the 
coming years, the addition of a seasonal volumetric rate should be considered. A review of 
District water consumption of the past three years found that the variation in average day 
demand between summer and winter was 125 litres per capita per day. Therefore, it is 
expected that higher seasonal volumetric rates will further assist the District in water 
conservation efforts. The fairness of a seasonal rate could be difficult to justify because 
single family residents will not be metered and would not pay a higher rate in summer 
months. 
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The implementation of an increasing block structure requires a clear rational for setting 
the number of blocks, the consumption levels at which volumetric rates increase, and the 
amount the volumetric rate increases to – which can be challenging if principles such as 
‘Simplicity and Transparency’ and ‘Equity and Fairness’ are established. This structure is 
further impeded by the MF and ICI metering program whereby water meters will be 
shared between different users. Without universal water metering it is not recommended 
that the District consider an inclining block rate structure. 
 
 3. Meter Rental Rates 

The Meter Rental Rate is meant to recover the cost of funding the replacement of water 
meters. Similar to meter reading, this is a cost that should only be charged to metered 
customers. 

 
A review of the existing Meter Rental Rate found that existing rates are likely based on 
either meter replacement every 10 years or historically higher meter replacement costs. 
While historically the service life may have been 10 years, water meters are now expected 
to last for 20 years on average. It is recommended that the District set new Meter Rental 
Rates once the actual costs of meter replacement are known. 

 
4.2.3 Understanding and Communicating the Potential Effects on 

Customers 

Technical Memorandum #2: District of Squamish Water Meter Implementation Strategy noted 
that the current meter reading and billing records indicate that the cost charge per unit of water 
is orders of magnitude different for customers within the same water rate category and with 
similar profiles. The inequity for water charges ranges from 1.5 to 18 times more, based on the 
fact that some customers are currently charged on the flat rate and that other customers are 
voluntarily paying the meter rate. Therefore, transitioning from the existing water rate structure 
is likely to result in significant changes to some ICI customer’s water utility bills. 
 
A phased approached should be taken to ease the transition to a new water rate structure that is 
based on water usage. Note that these phases can occur concurrently. 

Phase 1: MF and ICI Water Metering Program 

 Bylaw’s are updated; 
 Administration and Operator Training; 
 Public Education Program is initiated; 
 Water meters are installed on all MF and ICI service connections; and, 
 A detailed inventory is developed that will be used for billing. 

o It is recommended that the inventory include the type of customer the meter 
services (i.e. multi-family, institutional, commercial, or industrial). An inventory 
with this information will be useful to determine water demands in future water 
master plans. 



DRAFT

 Technical Memorandum # 3: District of Squamish Water Rate Analysis and Restructuring 24 

 

 

 
 

Phase 2 – Public Consultation and Developing Initial Rate Structure 

 Define goals and objectives of water rate structure through public consultation; and, 
 Develop initial water rate structure and send out Shadow Bills; 

Phase 3 - Shadow Billing and Refining the Rate Structure 

The transition to a new water rate structure should be preceded by a clear understanding of the 
potential impacts to the utility bills of all customers. Such impacts can only be known if the 
District monitors ICI and MF water usage before any adjustments are made to the existing water 
rate structure. A practice employed by other municipalities is the use of ‘Shadow Bill’. 
 
A Shadow Bill is a separate utility bill that accompanies the existing flat rate water utility bill 
and informs the customer of what their utility bill would be if they were charge based on actual 
water usage instead of a flat rate. A Shadow Bill will also provide property owners, property 
managers, and strata councils sufficient time to determine how to allocate and collect costs from 
individual units. It is recommended that the District issue a shadow bill for 1 year after the MF 
and ICI metering program is complete. 
 
The Shadow Billing process will also provide the District with the necessary water usage 
information it needs to further developed the new water rate structure and set the volumetric 
rate. 

Phase 4 – Implement New Water Rate Structure and Assess Impacts 

 Refine the water rate structure based on customer feedback; and, 
 Assess impacts to revenue stability if consumption is less than predicted. 

 

5 Findings and Recommendations 

In summary, planning for and achieving Full-Cost Recovery of a water utility takes time and 
requires well established asset management practices that are integrated with long-term 
financial plans. The recommendations within this memorandum have been developed to help 
put the District on the path towards Full-Cost Recovery and establishing equitable water rates 
which will enable the District to appropriately budget for and fund the ongoing costs of 
operating, maintaining, rehabilitating, and expanding its water utility. 
 
The financial plan and water rates analysis is based on estimates developed from today’s 
assumptions and knowledge and should therefore be reviewed with changing economic, social, 
and environmental conditions going forward. At this time, it is estimated that revenues will need 
to increase between 4% and 6% annually if the District is to work towards Full-Cost Recovery. 
This magnitude of revenue increase will be required until at least 2020 at which time the 
District should revisit the long-term financial plan.  
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It is estimated that water rates will need to increase by 4% per year (including inflation). 
 
It is also important that the District continue to build the Rehabilitation & Replacement Reserve 
to provide funding for deferred costs associated with AC watermain replacements. At this time, 
it is estimated that the District should target a Rehabilitation & Replacement Reserve balance of 
$3,500,000 for the end of the year 2031. 

 
Assuming that the MF and ICI metering program is implemented, the transition to a new water 
rate structure should include these general steps: 
 Define the goals and objectives of the new water rate structure and establish guiding 

principles upon which the new structure will be based; 
 Develop rate structure alternatives which meet the established guiding principles; 
 Through public consultation and shadow billing, communicate the potential change to 

customer’s utility bills, particularly ICI customers; 
 Assess the potential impact to revenue stability; 
 Implement the new water rate structure; and, 
 Reassess the water rate structure and guiding principles for the applicability of seasonal 

water rates to further support water conservation efforts. 
 



 

 

 
 
 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
Node Demands Per Land Use Type 

For Existing and Future Allocations
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Appendix C 
Peak Hour Demand Calculation





 

 

 
 
 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Appendix D 
Hydrant Flow Test Set
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Appendix E 
Calibration Results



Static 
(psi)

Residual 
(psi)

Static 
HGL (m)

Residual 
HGL (m)

Static 
(psi)

Residual 
(psi)

Static 
HGL (m)

Residual 
HGL (m)

Q1 75.7 S1-Q1 J-1835 2.0
10:15 S1-PR1 J-2987 2.0 78.1 66.7 56.9 48.9 75.9 71.3 55.4 52.1 -2.2 -2.8% 4.6 6.9%

S1-PS1 J-1588 3.0 79.4 67.6 58.8 50.5 74.6 71.1 55.5 53.0 -4.8 -6.0% 3.5 5.1%
S1-PS2 J-2768 2.0 76.9 66.1 56.1 48.5 75.9 72.2 55.4 52.8 -1.0 -1.3% 6.1 9.2%
S1-PS3 J-11 1.0 78.1 67.5 55.9 48.4 77.3 73.3 55.4 52.5 -0.8 -1.0% 5.9 8.7%
S1-PS4 J-2286 1.1 80.1 67.6 57.4 48.6 77.2 72.8 55.4 52.3 -2.9 -3.6% 5.3 7.8%

Q2 80.0 S1-Q2 J-2506 1.9
10:44 S1-PR2 J-2121 1.0 77.5 65.6 55.5 47.1 77.4 69.3 55.4 49.7 -0.1 -0.1% 3.7 5.6%

S1-PS1 J-1588 3.0 78.8 67.9 58.4 50.8 74.6 71.1 55.5 53.0 -4.2 -5.4% 3.2 4.7%
S1-PS2 J-2768 2.0 76.3 65.6 55.7 48.1 75.9 72.0 55.4 52.6 -0.4 -0.6% 6.4 9.8%
S1-PS3 J-11 1.0 78.0 66.7 55.8 47.9 77.3 72.4 55.4 51.9 -0.7 -0.8% 5.7 8.6%
S1-PS4 J-2286 1.1 79.1 67.7 56.7 48.7 77.2 72.4 55.4 52.0 -1.9 -2.4% 4.7 7.0%

Q3 75.1 S1-Q3 J-2220 3.2
11:15 S1-PR3 J-24 2.3 77.4 66.6 56.7 49.1 75.5 69.6 55.4 51.2 -1.9 -2.4% 3.0 4.5%

S1-PS1 J-1588 3.0 79.0 68.9 58.6 51.4 74.6 71.4 55.5 53.2 -4.4 -5.6% 2.5 3.6%
S1-PS2 J-2768 2.0 76.2 65.8 55.5 48.3 75.9 72.1 55.4 52.7 -0.3 -0.3% 6.3 9.5%
S1-PS3 J-11 1.0 78.4 65.5 56.2 47.0 77.3 70.0 55.4 50.2 -1.1 -1.5% 4.5 6.9%
S1-PS4 J-2286 1.1 79.0 68.6 56.7 49.3 77.2 73.2 55.4 52.6 -1.8 -2.3% 4.6 6.7%

Q4 78.9 S1-Q4 J-2935 2.4
11:49 S1-PR4 J-2083 2.3 78.9 65.0 57.8 48.0 75.9 63.2 55.7 46.7 -3.0 -3.9% -1.8 -2.8%

S1-PS1 J-1588 3.0 80.8 71.3 59.8 53.1 74.6 71.7 55.5 53.4 -6.2 -7.7% 0.4 0.5%
S1-PS2 J-2768 2.0 77.2 67.8 56.3 49.7 75.9 72.8 55.4 53.2 -1.3 -1.7% 5.0 7.3%
S1-PS3 J-11 1.0 79.6 69.9 57.0 50.1 77.3 74.1 55.4 53.1 -2.3 -2.9% 4.2 6.0%
S1-PS4 J-2286 1.1 80.6 71.3 57.7 51.2 77.2 73.9 55.4 53.1 -3.4 -4.2% 2.6 3.7%

TABLE E-1
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Executive Summary 
The District of Squamish (District) is located in southwest British Columbia at the confluence of the 
Squamish River into Howe Sound. This Water Conservation Plan (WCP) was developed to be 
complementary to other planning and policy documents guiding the District, such as the Official 
Community Plan (OCP), the Water Loss Management Program, the Water Master Plan (WMP), the 
Asset Management Plan, and the Water Regulations and Rates Bylaw No. 676. The “Water 
Conservation Planning Guide for British Columbia’s Communities1” and the Ministry Of 
Environment’s Living Water Smart: British Columbia’s Water Plan (2008) were also used to guide 
WCP development.  

Water System Profile 

The District’s water system currently serves a residential population of over 18,000, and 
approximately 270 Institutional, Commercial, and Industrial customers (ICI). The major ICI water 
users in the District include a brewery, a hospital, a municipal pool, and a wastewater treatment plant. 
A high rate of growth is expected to persist over the coming years in the District of Squamish leading 
to an estimated population of 31,525 for the year 2031, as identified in the OCP, from the 2013 census 
count of 18,319. 

The District’s water system consists of 14 pressure zones, seven storage reservoirs, and includes over 
130 km of watermain. The water system is fed through seven groundwater wells at the Powerhouse 
Springs well site, located near the confluence of Powerhouse Creek and the Mamquam River. The 
District also has two surface water supplies at Mashiter Creek and Stawamus River. They provide 
emergency and backup water supply to the District on an as needed basis, namely in the summer 
months. The District provides over 3.9 million cubic metres of potable water for consumption per year.   

Watershed & Climate Profile 

The climate in the District is typically warm and dry in the summer, and cool with significant rainfall 
in the winter.  The District has considered climate change impacts on the community in the OCP, the 
Well Protection Plan, and this Water Conservation Plan. If the Mamquam glacier retreats, flow may 
reduce in the Mamquam River, and subsequent recharge to the aquifer may drop as well. This 
combined with less summer rain could impact the aquifer’s capacity to supply the District. Mitigation 
measures are being investigated and the District is installing apparatus to monitor the aquifer. 

Maximum day water demands are closely linked with climate factors, particularly during extended hot 
and dry summer periods. If average temperatures increase due to climate change, the likelihood of 
District residents’ innate desires to consume more water will correspondingly increase. Additionally, 
the increase in water use may be coupled with drought conditions. 
 
 
 
                                                        
1 Water Conservation Planning Guide for British Columbia’s Communities Version 1.0 March 2009, POLIS 
Project on Ecological Governance at the University of Victoria with the British Columbia Ministry of Community 
Development. 
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History of Water Conservation in Squamish 

The following key milestones highlight the progression of water conservation in the District since 
1995: 

» 1995: Four stages of water restrictions are outlined by the water utility 
» 2010: Water Loss Management Program and purchase of leak detection equipment 
» 2011: Asset Management Plan by which the need for infrastructure renewal, some of which 

caused leakage, is identified and funded with rate increase 
» 2012: Statements regarding water conservation are included in the OCP 
» 2013: Statements regarding water conservation are included in the Annual Report Strategic 

Initiatives; Outdoor Water Use By-Law amendments; Employ of Water Conservation Officer 
for Outdoor Water Use By-Law enforcement 

Water Conservation Goals 

The 2014 data indicates that present water consumption is higher than the national average, with an 
average consumption per capita of 564 L/c/d and a maximum per capita consumption of 851 L/c/d. 
For the purposes of setting water conservation targets, the 2014 demand values were used as the basis 
for all planning. The proposed goals of this water conservation plan are to: 

 In the short term: Increase the perceived value of this public service amongst residents and their 
awareness of the benefits of water conservation; Achieve reliable reductions in water demand. 

 In the long term: Delay capital expenditure on infrastructure upgrading projects; Increase 
operational knowledge about the water distribution network and water demand.  

An attainable target of a 15% reduction in water demand (ADD and MDD) over the OCP horizon, to 
2031 was selected. This target is supported through the ICI and Multi-Family (MF) customer metering 
strategy currently proposed in the District’s WMP. It is also more in line with the District’s goals than 
an aggressive higher percentage value target would be. 

Water Conservation Target 
15% Reduction by 2031 Base year 2014 End year 2031 

ADD (L/capita/day) 564 479 

MDD (L/capita/day) 851 723 

 
Water Conservation Plan Recommendations 

This five year plan outlines the short term implementation schedule and budget for the seven Water 
Conservation Programs selected. These programs will lay the foundation for the District to meet its 
water conservation target of an average day demand of 479 (L/capita/day) and a maximum day 
demand of 723 (L/capita/day) by 2031.  
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Water Conservation Plan Schedule and Budget 

Water Conservation Program Annual 
Cost 2015 2016 2017 2018 2019 

Outdoor Water Use Bylaw Enforcement  $33,000 

Customer Water Audits $16,500 

Building Bylaw Amendments (1): Low Flow Fixtures  Nominal 

Building Bylaw Amendments (2): Xeriscaping  Nominal 

Water Loss Management Program Initiatives 
- Installation of district (zone) meters and 

completion of network water audits. 
- Continuation of leak detection program. 

 
- Utility 

O&M 
- Nominal  

  
 

Public Education Campaigns $18,500     
Endorsement of Local Initiatives Nominal     

 
The highest impact will be achieved in the short term by the Outdoor Water Use Bylaw enforcement. 
As this program is rolled out in the summer months and targets irrigation it will influence MDD and 
consequently the ADD as well. The full impact of the other programs will take longer to be achieved 
and will be relatively smaller in scale. These programs remain nonetheless important. They develop 
the conservation ethic which bolsters buy-in for future conservation programs with more bearing. 

The majority of the programs will occur on an ongoing basis as they should eventually become an 
integral part of utility management. Only the Building Bylaw Amendments are a one-time occurrence 
that will roll into the building inspection program overseen by the Development Services department. 
The implementation of the Customer Water audits was scheduled to coincide with the ICI and MF 
customer metering program that will commence in 2016.  

The annual costs included in the budget table pertain to the salary of the water conservation officer 
($66,000), split between the three most time consuming programs, and an allocation ($2,000) for the 
cost of producing communication materials and media publishing. Costs that are already incurred by 
the District such as the Water Loss Management Program, which is covered in utility operations, and 
the vehicle charges related to the water conservation officer’s activities were not included. This 
schedule of costs was incorporated in the financial analysis completed as part of the WMP. 

Measures to Facilitate Water Conservation Plan Update 

Activities that do not relate to the current WCP but that will inform revisions of the WCP in years to 
come were identified in the process of writing this document. These are: 

 Improve service connection dataset: This is a task that was previously identified in the 
District Asset Management Plan. One of the values of an increase in the accuracy of this 
dataset, as it pertains to the WCP, is that it will improve the quality of future feasibility 
assessments of universal metering programs.  

 Collection and storage of consumption data: This data is necessary to any water rate 
restructuring analysis which would investigate the possibility of implementing for example 
inclining or declining block rate structures. The quality of the data produced through the 
ICI and MF metering program should be verified and assured.   
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1 Introduction 

Freshwater is plentiful in the District of Squamish (District) all year round. The attitudes and habits 
with respect to the myth of limitless abundance of water are partly rooted in the geography of the land 
that surrounds the community. They are also rooted in the perceived value of this public service. 

Compared to other communities, the rates charged for delivery and treatment of potable water in 
Squamish had been historically low. The 2010 Public Works Infrastructure Asset Management Plan 
identified the need to increase user rates by 68%. This has been staged over a five year period with 
2015 identified as the last such rate increase period. Despite the increase under the current rate 
structure, District residents are still not forced to consider how much water they use. Progress toward 
sustainable water use will in part require a new perspective of the land and an understanding of the 
services related to potable water.  

Water conservation programs have the ability to defer, reduce, and/or eliminate the need for water 
supply facilities and/or wastewater facilities. Water conservation can extend water supplies and reduce 
operating costs and energy use. A reduction in wastewater flows can reduce treatment costs and 
provide environmental benefits in terms of reduced discharges. By reducing water use and, therefore, 
water withdrawals, water quality can be improved, ecosystems are maintained, and water resources 
will be protected.  Even water systems with an abundant supply of water can benefit from a 
conservation plan by using existing resources more efficiently and saving resources over the long term.    

1.1 Water Conservation and the District 

For the majority of its history, the freshwater supply and the potable water system has reliably 
provided the District with an abundance of water that met demands of the community. The 
community had not been required to conserve water in any significant way. Freshwater is plentiful all 
year round but community growth, ageing infrastructure, and the current economic context are 
putting competing pressures on the District to renew and to expand the system yet mitigate cost 
increases where possible.  

The full scope of water conservation strategies used in the industry target the volume of water that 
enters the distribution system, the system demand. The water that enters the distribution system is in 
the end either consumed by water users or lost at points of failure across the network. The water 
conservation strategies the District has undertaken include water loss management, staged water 
restrictions, and customer education. The purpose of this Water Conservation Plan (WCP) is to set out 
a course of action for the next 18 years that will allow the District’s water utility to influence system 
demands.  

In the future, climate change and increased environmental awareness may change the perception of 
water within the community. This Water Conservation Plan (WCP) allows for this and lays out a path 
to promote and enable this change.  
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1.2 Scope 

This report contains a review of the role of water conservation in the District.   

 Section 2 presents a profile of the District’s water utility including current and historic water use 
and existing infrastructure. 

 Section 3 describes future water demand estimates including the potential effects of climate 
change on water demand. 

 Section 4 looks at goals from previous water conservation initiatives and presents the District’s 
Water Conservation Target for the next 18 years. 

 Section 5 reviews water conservation programs previously and currently employed in the District 
and assesses their successes and shortcomings. 

 Section 6 discusses and evaluates potential future water conservation programs in terms of 
effectiveness, ease of implementation, costs and benefits. 

 Section 7 provides a recommendation outline of which water conservation programs should be 
employed in the District when and at what cost to meet the water conservation target. 

 Section 8 provides recommendations on data collection activities that should be undertaken in 
anticipation of the next water conservation plan. 

1.3 Planning Process 

This WCP was developed to be complementary to other planning and policy documents guiding the 
District, such as the Official Community Plan, Water Loss Management Program, Water Master Plan, 
Asset Management Plan, and Water Regulations and Rates Bylaw No. 676. The “Water Conservation 
Planning Guide for British Columbia’s Communities2” and the Ministry Of Environment’s Living 
Water Smart: British Columbia’s Water Plan (2008) were also used to guide WCP development.  

1.4 Team 

Opus DK would like to thank the following District staff for their cooperation and assistance in 
completing the WCP.  

 Mr. David Roulston, P.Eng., Municipal Engineer 
 Ms. Meg Toom, Water Conservation Officer 

  

                                                        
2 Water Conservation Planning Guide for British Columbia’s Communities Version 1.0 March 2009, POLIS 
Project on Ecological Governance at the University of Victoria with the British Columbia Ministry of Community 
Development. 
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2 Community Water System Profile 

2.1 Background and Summary 

The District of Squamish is located in southwest British Columbia. The climate in the District is 
typically warm and dry in the summer, and cool with significant rainfall in the winter.  The District is 
located at the confluence of the Squamish River into Howe Sound.   

The District’s water system consists of 14 pressure zones, seven storage reservoirs, and includes over 
130 km of watermain. The water system for the District is fed through seven (7) groundwater wells at 
the Powerhouse Springs well site, located near the confluence of Powerhouse Creek and the Mamquam 
River. The District also has two surface water supplies at Mashiter Creek and Stawamus River. They 
provide emergency and backup water supply to the District as needed, namely in the summer months.  

The District’s water system currently serves a residential population of over 18,000, and 
approximately 270 commercial, institutional, and industrial customers. It provides over 3.9 million 
cubic metres of potable water for consumption per year.  

2.2 Climate Profile 

The District generally experiences warm summers with cool winters. Maximum day water demands 
are closely linked with climate factors, particularly during extended hot and dry summer periods.  
Climate records from Environment Canada for 2010 – 2014 were reviewed and are summarised in 
Table 2.1. The total summer rainfall, maximum summer temperature and number of days in summer 
without rainfall have been included in our analysis, which confirms the long summer periods without 
rainfall in Squamish.  For the purposes of this analysis, the summer period is defined as May – 
September and winter is defined as October to April. 

Table 2.1: Summary of Climate Data for the District of Squamish 

Year 

Average Daily 
Maximum 

Temperature (°C) 

Total Precipitation 
(mm) 

Maximum 
Daily Summer 
Temperature 

(°C) 

Summer – 
Number of 

Days Without 
Rain Summer Winter Summer Winter 

2010 22 9 360 1,847 37 100 

2011 21 8 337 2,015 32 101 

2012 22 8 228 1,895 35 108 

2013 23 9 575 1,137 35 107 

2014 23 9 229 2,061 36 103 

 
From the data presented in Table 2.1 it is evident that: 

 Although a similar number of summer days without rain occurred in 2013, that summer was wetter 
than usual with the highest total precipitation. 
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 There are extended periods without rainfall in the summer. Looking in detail at the daily 
temperature records over these five dry periods, there were 34 days during which the maximum 
daily temperature exceeded 30 degrees Celsius.  

2.3 Community Profile 

According to recent B.C. Stats data, the 2013 population of the District of Squamish was approximately 
18,319 people; this source of data was used for population estimates applied to various calculations in 
this study. The major ICI water users in the District include the brewery, the hospital, the municipal 
pool, and a wastewater treatment plant. No population equivalents were calculated to account for 
these water consumers. 

The District has experienced a large amount of growth between the last two national census’, as 
summarised in Table 2.2.   

Table 2.2: District of Squamish Population 

Census 
Year Population Change in 

Population (%) 

1996 13,994 - 

2001 14,248 +1.8% 

2006 14,949 +4.7% 

2011 17,674 +18.0% 

 
This high rate of growth is expected to persist over the coming years and an estimated population of 
31,525 was identified in the OCP for the year 2031. 
 
2.4 Watershed Profile 

The District has an ideal raw water source which provides potable groundwater that requires no 
treatment. Water is disinfected to provide protection in the distribution network. This type of situation 
is increasingly rare, but leads to water treatment cost savings that accumulate through the careful 
protection of water sources and upland watersheds.   

The aquifer supplying this groundwater is unconfined. It is thought to recharge primarily through 
seepage from infiltration of direct precipitation and to a larger extent through seepage from the 
Mamquam River and Mashiter Creek. The latter source allows for year round recharge. 

2.5 Infrastructure Profile 

2.5.1 Groundwater Wells 

The District of Squamish receives potable water from seven groundwater wells located near the 
confluence of Powerhouse Creek and the Mamquam River. Table 2.3 summarizes the well capacities 
for the groundwater system.  
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Table 2.3: Existing Supply Sources 

Well 
Abstraction 

Limit 
(ML/day) 

Abstraction 
Limit (L/s) 

Powerhouse 
Springs Wells 27.8 322 

Mashiter Creek* 10.2 118 

Stawamus Creek* 11.4 132 
* these surface water sources are primarily used as a backup/emergency supply for the system. 

The District holds a Project Approval Certificate, granted in 1998 under the Environmental 
Assessment Act, that allows for a combined instantaneous withdrawal of up to 255 L/s from the well 
field (based on a maximum of three (3) wells operating at any time, each withdrawing 85 L/s). The 
combined abstraction limit (assuming that pump capacity is less than abstraction limit) for the three 
sources is approximately 49.2 ML/day. However, concerns with low flow and high turbidity of the two 
surface water sources, especially during periods of high demand in the summer, has limited 
withdrawal by the District to solely the Powerhouse Springs Wells.  

It should also be noted that the Powerhouse Springs Wells have a maximum output of 250 L/s, in 
contrast to the 322 L/s abstraction limit, owing to increases in system pressures as more wells are 
operated simultaneously.3 This may limit the actual withdrawal limit for the Powerhouse Springs 
Wells to 250 L/s or 21.6 ML/day. 

2.5.2 Surface Water 

Until 2000, the Stawamus River and Mashiter Creek surface water sources were the main supply of 
potable water to the District. The supply drawn from these two sources under a surface water license 
from the Ministry of the Environment limits their capacity to 132 L/s for the Stawamus River, and 118 
L/s for Mashiter Creek, for a combined capacity of 250 L/s. The District’s most recent review lists the 
capacities of the Stawamus River and Mashiter Creek intakes at 132 L/s and 184 L/s, respectively. 

In periods of high demand or under emergency conditions, the surface water sources may be used to 
supplement water from the Powerhouse Springs supply. 

2.5.3 Distribution and Treatment Systems 

A disinfectant is added to the raw water to provide residual disinfection in the network. When the 
surface water sources support the Powerhouse Springs supply, the District must issue a water quality 
advisory/boil water advisory. The surface water sources are only treated by chlorination, and are 
subject to periods of high turbidity during heavy rainfall.  

A summary of the distribution system is provided in Table 2.4. 

 
 

                                                        
3 2013 Well Redevelopment Program Powerhouse Springs Well Field APRIL 2014, Piteau Associates. 
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Table 2.4: Water System Summary 

Water System Component Quantity 

Pressure Zones 14 

Supply Wells 7 

Storage reservoirs 7 

Pump Stations 3 

Pressure Reducing Valves 16 

Length of watermains (km) 131 

Service connections 4,127 

Fire Hydrants (Owned by the District) 647 

 

The values included in this table will differ slightly from the data collected for the purposes of the 
National Water and Wastewater Benchmarking Initiative. The definitions used in the NWWBI, for 
example to define a pump station, vary slightly from the lens used to define the system in the Water 
Master Plan and the Water Conservation Plan.  

The accuracy of the service connection dataset does not equal that of the other asset groups. This was 
previously identified in the Squamish Asset Management Plan and is currently being worked on. The 
utility operators are using a handheld device with the “Collector App” that is ESRI GIS enabled. 

2.5.4 Planned Water System Upgrades 

The Water Master Plan currently being prepared will recommend upgrades to the District’s water 
supply system. The majority of the upgrades recommended will address  fire flows deficiencies and 
ageing watermains in the network. The justification for most of these upgrades will not vary with 
reduced water consumption.  

However, there are a number of reservoirs that require upgrades to provide sufficient storage for fire, 
equalization, and emergency requirements. The volume required for emergency storage and 
equalization is dependent on maximum day water demands (MDD). This means that a reduction in 
water demand may reduce the size, and therefore cost, of any new reservoirs required, or alternatively 
may defer the need for a new reservoir.  

2.5.5 Wastewater Treatment and Infrastructure 

The District’s 105 km of sanitary sewer and 25 lift stations channel the wastewater to the Mamquam 
Treatment Plant. A reduction of water usage will correspond to decreased flows to the sanitary sewer. 
These decreased flows result predominantly from efficiency in indoor water uses that create 
wastewater.  

Reduced sewer flows will also result in lower wastewater treatment O&M costs and system capacity 
requirements.  This may correspond to a reduction in capital costs for treatment plant and network 
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expansions. The impact of water conservation initiatives on the capacity of the wastewater 
infrastructure and operating costs was not analysed over the course of this study. 

2.6 Current and Historic Water Demand 

Water system data for the District’s water utility for the period from 2003 to 2014 was reviewed and 
analyzed to determine current annual average day demand (ADD) and maximum day demand (MDD) 
on a per capita basis. Yearly resident population totals were estimated by distributing the difference 
evenly between national census years (2001, 2006, 2011).  

The 2014 data indicates that present water consumption is higher than the national average, with an 
average consumption per capita of 564 L/c/d and a maximum per capita consumption of 851 L/c/d. 
 
2.6.1 System Demands 

2.6.1.1 Customer Water Demands  

The District of Squamish has just over 65, out of approximately 4,100, service connections with 
meters. The service connections with meters are predominantly Industrial, Commercial or 
Institutional (ICI) customers. The major ICI water users in the District include the hospital, a 
retirement community, the municipal pool, university, a brewery, and a wastewater treatment plant. 

Insufficient customer demand data was available for an analysis of water usage trends in each 
customer group. Estimates of water demand distribution was performed for the purposes of modelling 
the water network and guiding capital planning decisions; the results of the analysis are included in 
Table 2.5. It is based on assumptions that network losses by leakage comprise 10-15% of the total 
system demand and is split within total demands of the utility customer groups. 

Table 2.5: Estimated Water Demand Summary 

Demand Type 
Demand (L/s) Peaking Factors   Estimated 

Portion ADD MDD ADD MDD 

Single Family 44.5 88.7 1.0 2.0 36% 

Multi-Family 29.7 44.5 1.0 1.5 24% 

Institutional 11.9 13.1 1.0 1.1 10% 

Commercial 16.6 18.2 1.0 1.1 14% 

Industrial 19.4 21.3 1.0 1.1 16% 

Total 122.0 185.9 1.0 1.5 - 
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2.6.2 Average Day Demand 

The ADD is the total volume of water entering the distribution system averaged over the 365 days of 
the year. The ADD is used to determine the overall source capacity required to service the District’s 
entire water system. It is also useful in analysing historic demands and in estimating future demands.  

The per capita demand, expressed in litres per capita per day (L/c/d), is the average daily total amount 
of water entering the system divided by the number of inhabitants served by the utility. This value is a 
general performance measure of water consumption since its calculation does not consider population 
equivalents for ICI customers nor leakage across the distribution network.  

The total system demand values for 2003 to 2007 were taken from a Water Supply Strategy Report 
produced for the District in 2007. The values for 2008 to 2010 are from the annual reports submitted 
to Environment Canada. The District’s well pump SCADA data was used to calculate the total 
withdrawal of raw water from 2012 to 2014. No water demand records could be referenced for 2011 
therefore the values were interpolated. 

The calculated total, average, and per capita demands for the last eleven years are listed in Table 2.6. 
The 2014 population was interpolated using the 2013 census data with the population projection for 
2031 documented in the OCP.  

Table 2.6: Average Day Demand 

Year Population Total System 
Demand (ML) 

Average Day 
Demand 

(ML/day) 

Per Capita 
Demand 
(L/c/d) 

2003 14,528 3,965 10.9 748 

2004 14,668 3,874 10.6 724 

2005 14,809 4,018 11.0 743 

2006 14,949 4,077 11.2 747 

2007 15,494 4,186 11.5 740 

2008 16,039 3,747 10.3 640 

2009 16,584 3,628 9.9 599 

2010 17,129 3,688 10.1 590 

2011 17,674 3,805 10.4 590 

2012* 18,117 3,395 9.3 582 

2013* 18,319 3,845 10.5 620 

2014* 19,053 3,919 10.7 564 
* Values for these years stem from SCADA records. 

From the data provided, it can be observed that despite an increase in population the District’s per 
capita water consumption has decreased and has stabilised. Water consumption volumes differ 
significantly in the summer and in the winter. Figure 2.1 illustrates the per capita demand in Squamish 
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from 2003 to 2014 along with the average daily summer and winter demands between 2011 and 2014 
drawn from SCADA records. The calculated variance in water consumption between each period is on 
average of 125 L/c/d for the last three years. 

 

Figure 2.1: Per Capita Demand 2003- 2014 
 

Though the winter ADD values on record are lower than the summer ADD values, being over 500 
L/c/d they are nevertheless high. The winter ADD should be managed, partly through a network 
maintenance and renewal strategy. The higher summer demand should also be managed, it however 
should be targeted by utility customer water conservation practices.  

2.6.3 Maximum Day Demand 

The MDD is the average demand on the day with highest water consumption in a given year. The MDD 
defines the required treatment capacity of the District’s water treatment facilities and is critical in the 
sizing of system reservoirs for provision of fire, equalization, and emergency storage volumes. 

The District’s well pump SCADA data was used to estimate the 2012 to 2014 MDD values. Written 
records were used to estimate the 2003 to 2011 MDD values.  The 2014 population was interpolated 
using the 2013 census data with the population projection for 2031 documented in the OCP. A 
summary of the MDD to ADD peaking factors for the last 11 years is shown on Table 2.7. 
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Table 2.7: Per Capita Demands and Peaking Factors 

Year Population 
Average Day Per 
Capita Demand 

(L/c/d) 

Maximum Day Per 
Capita Demand 

(L/c/d) 
Peaking Factor 

2003 14,528 748 - - 

2004 14,668 724 1502 2.1 

2005 14,809 743 1202 1.6 

2006 14,949 747 - - 

2007 15,494 740 1528 2.1 

2008 16,039 640 1201 1.9 

2009 16,584 599 1115 1.9 

2010 17,129 594 1160 2.0 

2011 17,674 590 901 1.5 

2012* 18,117 582 911 1.6 

2013* 18,319 620 878 1.4 

2014* 19,053 564 851 1.5 

Average - 657 1,125 1.8 

Median - 630 1,137 1.8 
* Values for these years stem from SCADA records. 

The average and median MDD peaking factor over the last 11 years is 1.8. This is more conservative 
than the average MDD peaking factor of 1.5 from the last three years of SCADA records which have 
better accuracy than the sources of the data referenced for the 2003 to 2010 values. For the purposes 
of projecting water demands into the future, an MDD peaking factor of 1.5 will be used.  

The MDD, ADD, total summer rainfall and maximum temperatures for the period from 2010 to 2014 
are shown graphically in Figure 2.2. The large discrepancies between pre-2011 and post-2011 data 
(logbook records vs SCADA records) are significant. Due to the discrepancy, the information prior to 
2011 could not be used to determine trends in MDD. The parameters included in Figure 2.2 should be 
measured and compared in the years to come to monitor the effectiveness of the conservation plan 
programs.  
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Figure 2.2: Water Demand and Climate Data 
 
The historical MDD is also significantly less than the abstraction limit at Powerhouse Springs as shown 
in Figure 2.3.  Rather than putting pressure on the water supply, the MDD has put pressure on the 
distribution infrastructure in meeting the required system performance measures.  
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Figure 2.3: Abstraction Limit and MDD 
 
2.6.4 Comparison with Lower Mainland Municipalities 

According to 2012 data, the District’s per capita consumption is in the higher tier of the Lower 
Mainland municipalities participating in the National Water and Wastewater Benchmarking Initiative 
(NWWBI). The per capita consumption values equate to the total volume of water supplied to the 
network divided by the residential population in the calendar year. The calculated values were not 
adjusted for variances in ICI consumption and water loss between each utility as they are deemed 
comparable within this subset of the larger group of utilities participating in the NWWBI. In 2012, 
each utility, except the District, had a program promoting the conservation of potable water.  At the 
time the District utility had outlined four stages of water restrictions. 
 
Figure 2.4 provides this comparison of water usage in the District to nine other Lower Mainland 
municapalities. 
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Figure 2.4: 2012 Per Capita Daily Usage (litres/capita/day) 

 

3 Future Water Demand 

3.1 Population Growth 

Future water use in the District is predominantly dependent on population and ICI growth. A 
population growth rate of 3.0% was used to estimate future demand projections. This is the annual 
compounded growth rate that brings Squamish’s current population to 31,525 by 2031 as per the OCP 
projection.  

Assuming that per capita water demand remains static, using the 2014 value of 851 L/capita/day, the 
MDD can be expected to increase from 16 ML/d to 27 ML/d in 2031 according to population growth 
alone. The 2031 projection was calculated with consideration for growth in the SF, MF, and ICI 
customer groups according to what is defined in the traffic zone maps for 2031. These maps did not 
assume more residents were moving into MF housing such as condominiums and townhouses.  

This value of 27 ML/d in 2031 nears the available production capacity (i.e. total available abstraction 
limit) at the Powerhouse Springs wellfield. Figure 3-1 shows the growth in water demand over time 
due to the increase in population and the greater economic activity that comes with it. No allowances 
for energy sector growth were made as the implications of this industry sector are not accurately 
quantifiable at this time.   
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Figure 3.1: Projected Future MDD in the District 
 
3.2 Climate Change 

Another factor which may affect future water demand is climate change, which  is increasingly 
affecting British Columbia’s landscapes, communities, and economic activities.  Climate change will 
become more pervasive and many regions of B.C. will experience increasing water shortages. By 
anticipating the effects of climate change, municipalities can take action before major impacts occur to 
reduce a community’s vulnerability.  

In order to adapt to climate change, many municipalities are therefore incorporating climate change 
impacts to their water management plans and various demand management initiatives. Adaptation 
activities include using new technologies, adjusting planning and investment practices, and revising 
regulations. While adaptation measures have the benefit of achieving sustainability goals, they should 
not be considered as only having the capacity to address climate change.  Both adaptation and 
mitigation are required in this case.   

The gradual shift in average climate conditions will be accompanied by changes in climate variability 
and the frequency and extent of extreme weather events.  These impacts will affect municipalities 
across Canada, and have impacts on infrastructure, social and economic systems, and the natural 
environment.  Local governments have a critical role to play in managing climate change risks by 
implementing adaptive measures to enhance the community’s resilience to climate change.   
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3.2.1 Climate-Related Impacts 

The District of Squamish has considered climate change impacts on the community in the Official 
Community Plan. As stated in the OCP: “In BC, climate change is anticipated to result in increased 
temperatures, increased precipitation, more extreme precipitation events, sea level rise, glacial 
retreat, and changes in estuary salinity and ecology.” Discussion surrounding climate change in the 
OCP namely focuses on natural hazards such as flood hazards and slope instability in land use 
planning. These represent grave economic and public safety risks. 

Although the effects of climate change cannot be predicted accurately, the District is likely to 
experience variations in weather resulting in both flooding and drought conditions. Even though the 
District has a small demand compared to the available water resources in its vicinity, there should still 
be careful management of the supply and consumption of water.  

If the Mamquam glacier retreats, flow may reduce in the Mamquam River, and subsequent recharge to 
the aquifer may drop as well. This combined with less rain in the summer could impact available 
capacity of the aquifer to supply the District. These observations were taken from the hydrogeological 
assessment of the Ring Creek aquifer that was completed for the Well Protection Plan. The District is 
installing apparatus to monitor the aquifer. 

If average temperatures increase due to climate change, the likelihood of District residents’ innate 
desires to consume more water will correspondingly increase.  Additionally, the increase in water use 
may be coupled with drought conditions, which could create the need for stringent water restrictions. 
The belief of limitless abundance of water, partly rooted in the geography of the land that surrounds 
the community, should be curbed.  

The realization that water supply is limited needs to be addressed.  By persistently and effectively 
reaching out to the public, the myth of limitless abundance of clean, fresh water can be dispelled.  By 
educating the public on this matter, a conservation ethic can be instilled that will ensure that water 
availability and quality issues do not limit future social and economic gains.   

4 Water Conservation Target 

There are numerous program options available to the District in shaping its Water Conservation Plan 
(WCP). The determination of a water conservation target is foundational to determining the course of 
action that the WCP will constitute. The target will enable the District to scale its efforts, appropriately 
select the conservation programs, commit resources to the plan, and measure progress.  

4.1 Previous Water Conservation Targets 

With this document the District is in the process of establishing its first WCP. Prior to this WCP no 
water conservation target has been formally endorsed by District Council. Though through its Water 
Loss Management Program the District was recommended an Infrastructure Leakage Index (ILI) 
target, a measure of network losses, the ILI target does not equate to a water conservation target that 
may be used within a WCP.  
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4.2 Water Conservation Goals and Targets 

Through this WCP the District will formally establish its first water conservation target. 

4.2.1 Water Conservation Goals 

The water conservation goals guide the selection of programs that constitute the WCP. The goals 
recommended by Opus for this WCP are: 

 to maintain or reduce maximum day demand; 
 to achieve reliable reductions in water demand; 
 to increase the perceived value of potable water; and, 
 to improve knowledge and management of utility infrastructure. 

These goals align with the goal of the District’s existing Water Conservation Education Plan which is:  

“To promote a community-wide capacity for water conservation and water-use efficiency with the 
overarching goal of reducing gross community water consumption by focusing on reducing seasonal 

increases and daily peak time usages.” 

Although not a goal of water conservation, keeping program implementation costs low is a utility 
management objective that was considered in the development of the Plan. This goal and the goals 
mentioned above are encompassed in the criteria for evaluation the water conservation strategies.  

4.2.2 Water Conservation Target 

In general, reduction of ADD is important to alleviate stress on source supply capacity.  With the 
source capacity in the District governed by groundwater supplies, which are currently replenished 
through seepage from the Mamquam River and Mashiter Creek, there is minimal concern for source 
capacity. This unless impacts from climate change are realised, hence the District is monitoring the 
aquifer to verify this. 

Alternatively, reduction of MDD is important to alleviate stresses within the operation of the water 
system infrastructure. Supply, pump, pipe network and storage capacities are all designed to handle 
the MDD in the water system. The District is currently preparing a Water Master Plan, in which it is 
assessing the capacity of the water supply and distribution system to determine necessary upgrades. 
Reducing MDD will have an effect on reservoir upgrades and water supply capacities in particular; not 
as much on watermains as their sizing is more directly influenced by required fire flow. Reduction in 
MDD should therefore be a higher priority. 

For the purposes of setting water conservation targets, the 2014 average and maximum day per capita 
demand of 564 and 851 L/c/d was used as the basis for all planning. These values include the 
Stawamus First Nation Indian Reserve 24 water consumption and population. It is a subset of utility 
customers that, although not covered by the WCP, does not significantly impact the utility’s 
performance.  
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The water conservation target needs to align with the proposed goals of this water conservation plan 
which are to: 

 In the short term: Increase the perceived value of this public service amongst residents and their 
awareness of the benefits of water conservation; Achieve reliable reductions in water demand. 

 In the long term: Delay capital expenditure on infrastructure upgrading projects; Increase 
operational knowledge about the water distribution network and water demand.  

The B.C. MoE Living Water Smart Campaign set a target for 33% reduction in water use between 2008 
and 2020. If the District adhered to this target, it would correspond to a 24% reduction to the current 
average day per capita water demand in the next 6 years. This is an ambitious target to achieve that 
would require significant investment from the District and potentially universal water metering.  

A more attainable target would be a 15% reduction in water demand (ADD and MDD) over the Official 
Community Plan horizon, to 2031. This target is supported through the ICI and Multi-Family metering 
strategy currently proposed in the District’s Water Master Plan and would be more in line with the 
District’s goals. A comparison of the two targets is given in Table 4.1.  

Table 4.1: Water Conservation Target 
 Living WaterSmart  15% Reduction by 2031 

Base year 2014 End year 2020 Base year 2014 End year 2031 

ADD 
(L/capita/day) 564 429 564 479 

MDD 
(L/capita/day) 851 647 851 723 

 

Figures 4.1 and 4.2 show the impact of reducing per capita demand over the next 17 years versus 
maintaining the status quo. The depiction of the aggressive short term conservation target related to 
the Living WaterSmart Strategy shows the District achieving the per capita demand target by 2020, as 
per the provincial program schedule, and maintaining that demand across the community from then 
on. The other 15% target is shown to be consistent and more gradual over the 17 year period.  
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Figure 4.1: Projected District Per Capita Maximum Day Demand with Water Conservation Targets (L/c/d) 
 

 
Figure 4.2: Projected District Maximum Day Demand with Water Conservation Targets (MLD) 
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5 Previous Water Conservation Efforts 

The following milestones highlight the progression of water conservation in the District of Squamish 
since 1995.  

Table 5.1: Progression of Water Conservation Measures 
Year Milestone 

1995 Four stages of water restrictions are outlined by the water utility. 

2005 March 22 Council Resolution:  
- THAT in light of the low precipitation levels during the winter, Council consider a 

strategy regarding public education and early implementation of a water conservation 
strategy, including water metering be developed. 

2006 October 6 Council Resolution: 
- THAT staff bring forward, to a meeting in November, a water metering strategy for 

the District of Squamish. 

2008 March 18 Recommendation to Council: 
- THAT the District of Squamish Subdivision and Development Control Amendment Bylaw No. 

1767, 2003 be amended requiring water meters to be installed with all new developments; 

A subset of existing customers elected to have their water connection metered. 

2010 Water Loss Management Program 
- Purchase of leak detection sounding equipment and training of staff. 
- Installation of temporary district metering areas and night flow monitoring. 
- Step testing. 

2011 Asset Management Plan 
- Need for infrastructure renewal, some of which caused leakage, identified and funded 

with rate increase. 

2012 Water Loss Management Program 
- Installation of additional district metering areas and flow monitoring. 

Official Community Plan (Water & Sewer 24-22) 
- Statements regarding water conservation are included. They read as follows:  

Water conservation will be encouraged through policies and programs such as:  
a. water metering;  
b. requirements for low water usage fixtures (e.g. low flow shower heads and 

toilets); and, 
c.  landscaping designs with lower demands for  watering (eg. Native & 

drought-resistant plants) 

2013 Annual Report Strategic Initiatives regarding water 
- Statements regarding water conservation are included: 

 Update OCP to include a Development Permit area promoting energy 
conservation, water conservation and reduction of greenhouse gas emissions. 

 Introduce Indoor Water Use Bylaw. 
Outdoor Water Use By-Law (No. 2254) Amendments 

- Recognition of special water uses (addition of Fire Chief Notice allowing Chief to 
dictate community water restriction in order to fight forest fires). 
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Year Milestone 
- Allowable and unallowable water uses and enforcement measures are determined for 

the staged water restrictions.  
Water Conservation Officer. 

- First employ of a part-time water conservation officer. 
- Development of 2013-2014 Water Education Plan  
- Roll out of water conservation education initiatives 
- First occurrence of Stage 3 water use restriction and Outdoor Water Use By-Law 

enforcement 

2014 Water Conservation Officer. 
- Outdoor Water Use By-Law enforcement. 
- Roll out of water conservation education initiatives. 
- Discussions with the planning department regarding building construction bylaw 

amendments. 
October 7, Council Resolution 

- THAT the District of Squamish adopt the option 3 recommendation – meter water for 
(ICI) properties and multi-family dwellings and formalise the current voluntary 
residential metering program and bring back a strategy to consider option 4 – 
universal metering before the next water master plan is established. 

December 16, Council Resolution 
- THAT the District of Squamish approve funding for the municipal contribution for 

installing Industrial, Commercial and Institutional (ICI) and Multi-Family water 
meters at a cost of $295,047 in 2016 and $275,128 in 2017. 

2015 
Anticipated 

Water Conservation Plan 
- Development and Council endorsement of first WCP. 

The primary objective of the 2013 and 2014 Water Education Plan was to connect people to the water 
they consume. In two years the communications strategy has improved with an increase in the quality 
of the educational material and targeted messages to the community. In 2014, the water conservation 
officer worked with the District’s communications team and the graphics manager to transform the 
communication strategy and broaden the program’s reach. Examples of public education and outreach 
measures taken thus far are summarized below:  

 Every week a table which depicts water consumption across the community is released in the local 
paper and the e-newsletter published by the District on its website. Every month it includes a 
comparison of water consumption for that same period to the previous year’s consumption. The 
figure created also shows rain events and how they impacted consumption. 

 Pamphlet/brochures, fridge magnets, and door hangers were distributed. The messaging on these 
communication tools has been edited to be less verbose and the content more accessible.  

 Community outreach events hosted by other departments have been used to meet with the public. 
The water conservation officer for example joined the fire department during its events to teach 
people about the Outdoor Water Use Bylaw and water conservation measures.  

 To facilitate bylaw enforcement, the water conservation officer has built working relationships with 
local irrigation companies and the school district to inform them and keep them up-to-date on 
water restriction stages.  

These measures and some of the communication materials used thus far are included in Appendix A. 



 District of Squamish Water Conservation Plan 24 
 

D-03666.00  |  March 2015 Opus DaytonKnight Consultants Ltd 
 

6 Review of Potential Water Conservation 
Programs 

The various water conservation program options available to the District have proven beneficial to 
many utilities. Especially so to water utilities that are unmetered as leaks or other forms of wasting 
water can be substantial yet remain unaccounted for. Reducing customer water demand helps to: 

 Ensure the future reliability of infrastructure; 
 Protect water supplies and be responsible environmental stewards; and 
 Promote efficient use of water resources. 

This section outlines potential water conservation programs that the District of Squamish may choose 
to implement to meet water conservation targets. Each program has different strengths and 
weaknesses. Each water conservation measure has been assessed in order to identify the strategies that 
would best meet the District’s goals with regards to water conservation (summarized in Section 4).  
The evaluation criteria are: 

 Targets maximum day demand; 
 Reliable reductions in water demand are achieved; 
 Perceived value of potable water increases; 
 Implementation costs are low; and, 
 Understanding of the network’s operation and management of infrastructure will improve. 

 

6.1 Legal Tools and Enforcement 

6.1.1 Outdoor Water Use Restrictions 

Outdoor water use is a seasonal occurrence in which potable water is mainly used to irrigate 
landscapes. The amount of water consumed in this manner is driven by the hot and dry periods 
experienced during the spring, summer, and early fall. Outdoor water use is temporarily curbed by 
rainfall events which offsets the need for landscape irrigation during these seasons. However, with few 
rainfall events during the summer, the total amount of water consumed during this seasonal period 
exceeds the amount of water consumed during the winter months. Utility managers often seek to 
reduce the volume of water consumed during peak periods to offset investments in new infrastructure. 

An example where water use restrictions have been used successfully is at the Sunshine Coast Regional 
District (SCRD). The SCRD has experienced severe water shortages in recent years, and, due to the low 
water levels in its main supply reservoir, has been forced to use staged water restrictions as its primary 
water conservation method to manage maximum day demand. The breakdown of the four stages of 
water restrictions used by its water utility is as follows: 

 Stage 1 – Sprinkler use limited to three days per week 
 Stage 2 – Sprinkler use permitted on only one day per week 
 Stage 3 – Ban on sprinkler use 



 District of Squamish Water Conservation Plan 25 
 

D-03666.00  |  March 2015 Opus DaytonKnight Consultants Ltd 
 

 Stage 4 – Ban on all outdoor water use  

At the SCRD Stage 1 restrictions have been in place every summer since 1995.  Stage 2 water 
restrictions were sanctioned in 2009 and 2012.  However, in 2012, water shortages were so bad that 
the SCRD was forced to go as far as Stage 4 water restrictions.   

In the 2005 to 2011 period, the SCRD issued 315 warnings related to violation of water restrictions and 
seven fines. The SCRD estimates that their water conservation strategies, with a major part being the 
enforcement of water restrictions, resulted in a 23% reduction in MDD and 12% reduction in ADD 
between 2003 and 2013.  Table 6.1 summarises the estimated peak week demands recorded by the 
SCRD during the various stages of water restrictions. The data in Table 6.1 suggests that it is possible 
to reduce MDD by 700 L/cap/day with enforcement of a complete ban on outdoor water use.  

Table 6.1: Sunshine Coast Regional District Water Restrictions 

Water restriction 
Level 

Year Implemented Estimated Peak Week 
Demand (L/cap/day) 

Stage 1 Implemented every summer 
since 1995 

1,100 

Stage 2 Twice in 2009 and 2012  830 

Stage 3 2012 450 

Stage 4 2012 400 

 
The City of Abbotsford used a bylaw enforcement program until 2011 at which point the combination 
of the advanced metering program and the tiered water rate was the driver for bylaw conformance. In 
the nearby District of Mission where they are not universally metered they continue with bylaw 
enforcement. Under the pressure of this billing system customers self-regulate. When it was in 
operation the City’s bylaw enforcement program was conducted by teams of summer students. The 
summer students always worked in pairs for security reasons and travelled in a vehicle marked by the 
City’s water conservation program. They gave warning to customers that were non-compliant and 
informed them of the scope of the bylaw. If the customer was found to be non-compliant on a third 
occasion the students informed the bylaw officer of this occurrence who then was responsible for 
emitting the violation ticket. In 2012 and 2013 students handed out friendly door hanger notices with 
the restrictions to homes that did not comply with the bylaw. 

Since 2013 the District of Squamish has staged outdoor water use restrictions in effect from May 1st to 
October 31st that limit the days and hours during which residents may conduct outdoor watering. The 
first occurrence of Stage 3 water use restriction occurred in 2013. The breakdown of the four stages is 
as follows: 

 Stage 1 – Two days per week 
 Stage 2 – One day per week 
 Stage 3 – No lawn watering 
 Stage 4 – Ban on all outdoor water use  
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The District’s four stages of water restrictions is in keeping with a breakdown followed by other BC 
utilities. The effectiveness of water restrictions in the District would be enhanced by strict 
enforcement.  This could be achieved by hiring an additional officer to patrol the community and 
identify households that are in violation from May to October. Increasing the fine associated with 
violations may also act as a stronger deterrent. Cities in the Lower Mainland typically charge at least 
$100 for a water restrictions violation. 

RECOMMENDATION: 

Outdoor water use restrictions should be considered for inclusion in the District’s WCP. 
Consideration should be given to increasing resources dedicated to this initiative to bolster 
community support and compliance. 

Outdoor water use restrictions target maximum day demand, but are only effective if they are 
adhered to. This requires community support or strict enforcement. Maintaining the current regime 
of water restrictions is inexpensive but will not by itself yield the outcome sought.  

 

6.1.2 Building Construction Bylaws – Irrigation & Indoor Water Use 

Municipal bylaws can also cover a range of indoor water conservation measures. Development bylaws 
and construction specifications to be followed by developers and contractors offer other policy means 
of saving water. These bylaws are generally only applicable to new building construction within the 
community or through significant retrofits. This limits the bylaws’ impact and the overall amount of 
water that can be conserved by this method. Fixtures that can be targeted by these measures include: 

 Irrigation apparatus, 
 Low flow showerheads, 
 Low flow faucets, 
 Low flush toilets, and 
 Ban on installation of garburators. 

Building construction bylaws requiring installation of automatic irrigation system, low flush toilets, 
faucets, showerhead restrictors and other water saving devices is a policy tool followed by many 
municipalities. As of 2008, the Province of B.C. has mandated the use of ultra-low-flow toilets (6.0 
L/flush) and other water-saving plumbing fixtures and fittings in new construction and renovations. 
This was defined in the B.C. Building Code through the Water Conservation Regulation.  

Many municipalities have written the requirement for low-flow fixtures into their bylaws for new 
construction. For the most efficient use of water in irrigation, turf areas should be irrigated separately 
from other plantings.  Trees, shrubs, flowers, and groundcovers can be watered efficiently with low 
volume drip emitters, sprayers, and bubblers. Water conservation achieved in terms of reductions in 
ADD and MDD is difficult to quantify accurately for the utilities using this conservation measure. 

The District included in its OCP a statement that indicates: “water conservation will be encouraged 
though policies and programs such as requirements for low water usage fixtures (e.g. low flow 



 District of Squamish Water Conservation Plan 27 
 

D-03666.00  |  March 2015 Opus DaytonKnight Consultants Ltd 
 

shower heads and toilets).” The introduction of an indoor water use bylaw was a strategic initiative 
included in the District’s Annual Report. This is a measure that has internal buy-in as it is currently 
being considered by the Development Services department and the Water Conservation officer.  

RECOMMENDATION: 

Modification of existing building construction bylaws and permits should be considered for 
inclusion in the District’s WCP. This low cost measure supports efforts already underway in the 
District as well as statements in the District’s OCP and Annual Report.  

In the short term, implementation of such bylaws does not guarantee a significant reduction in 
water demands. Year by year it impacts a small subset of the utility customer base which in the long-
term will amount to a noteworthy reduction in water demand.  

 

6.1.3 Building Construction Bylaws - Landscaping by Xeriscaping  

This conservation strategy targets reduction of outdoor water use during the dry summer months by 
modifying the community’s landscape. Xeriscaping aims to create a visually attractive landscape that 
uses plants selected for their drought resistance.   

Properly maintained, a xeriscape can require less than half the water of a traditional landscape. 
Xeriscaping can reduce the time spent watering, fertilizing and mowing, and it can increase the beauty 
and value of a property. Once established, a xeriscape should therefore require less maintenance than 
a turf landscape. Xeriscaping along with a well-planned and well maintained irrigation system can 
significantly reduce water use compared to a traditional landscape.  

This strategy has been implemented by municipalities throughout the B.C. with varying degrees of 
success. Similar to rebate programs, xeriscaping does not provide much financial incentive to 
homeowners until universal metering is implemented. Typical water reduction in terms of ADD and 
MDD reduction is difficult to quantify but water savings in excess of 10% can be achieved through 
xeriscaping principles and large landscape management. 

The District included in its OCP a statement that indicates: “water conservation will be encouraged 
through policies and programs such as landscaping designs with lower demands for watering (eg. 
Native & drought-resistant plants). This is another measure that has internal buy-in as it is currently 
being considered by the Development Services department and the Water Conservation officer.  

RECOMMENDATION: 
Modification of existing building construction bylaws and permits to include policy on xeriscaping 
should be considered for inclusion in the District’s WCP. This low cost measure supports efforts 
already underway in the District as well as statements in the District’s OCP and Annual Report.  

In the short-term, implementation of such a bylaw amendment does not guarantee a significant 
reduction in water demands. Year by year it impacts a small subset of the utility customer base 
which in the long-term will amount to a significant reduction in water demand. 
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6.2 Economic Tools 

6.2.1 Water Metering 

Metering is a primary element in an effective water conservation program and is a water conservation 
tool which is becoming more and more popular across B.C.  This conservation strategy is able to 
monitor water usage by all residential and ICI customers within the utility. Billing of a water service, 
based on the water use measured by a meter, provides a strong incentive for customers to use less 
water, more than if they were billed on a flat-rate basis.   

A reduction in water use after meters are installed is typically most substantial during the first year 
that follows installation.  However, if water prices are kept low after the start of the metering program, 
there is little incentive for users to decrease their water consumption.  This is West Vancouver’s 
experience with metering. Therefore, metering is most effective in the long term if pricing reform 
establishes a rate structure which provides the consumer with enough financial incentive to conserve 
water.  

Squamish currently runs a small scale metering program which covers a minor portion of the 
community’s water utility customer base. Within the current metering program, a subset of the 
Industrial, Commercial and Institutional (ICI) customers and some large residential developments 
have meters built into their service connections. The District has approved the implementation of ICI 
and MF metering which will result in over 50% of all usage metered. The District will also be revising 
the billing method for this customer group as detailed in the water rate analysed completed for the 
Water Master Plan. 

6.2.1.1 Universal Metering 

The impact of universal water metering, in conjunction with an effective volumetric pricing plan in 
achieving reductions in water demand, are well documented. However, implementation of universal 
water metering is a large commitment that may be resisted by the community.  The benefits of 
universal water metering include: 

 The provision of an incentive for residents to be mindful of the amount of water used when 
implemented in conjunction with an effective volumetric pricing plan. This therefore reduces 
maximum and average day demand; 

 Improved data on water use; and, 
 Improved identification of private side leaks. 

The downsides of universal water metering include: 

 The high cost to install meters; and, 
 Resistance from a portion of the public on program implementation. 

Universal metering has been implemented by municipalities throughout B.C. and is a cornerstone of 
many water conservation strategies. Universal metering is a proven method for achieving significant 
water savings over long periods of time in this province. Water savings resulting from the installation 
of meters can vary anywhere from 13% to 45%. Several variables may contribute to the variation, 
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including housing type, lot size, climate, and season. A potential reduction of up to 20% in the utility’s 
average day demand is possible from metering, while a reduction of up to 10% is possible for 
maximum day demand according to the experience of certain utilities. 

Due to the high capital costs and resistance from the public, universal metering is generally only 
implemented in areas where there will be a demonstrated economic payoff.  For example in areas  
where there are frequent water shortages and the reduced water demands associated with 
implementation of metering will defer construction of other costly infrastructure projects associated 
with expanding the existing water supply.   

It should also be noted that a universal metering program is a very politically sensitive program which 
may take a long time to implement within the District. The District is not in a strong position to 
implement a universal metering program in the short term since the customer education programs are 
still relatively new to the community and have not yet achieved their full impact. The community is 
being educated to a higher degree, since 2013 through the water conservation officer’s work, on the 
importance of reducing water usage during peak usage summer months and the stringent Outdoor 
Water Use Bylaw introduced very recently in 2013. 

As the District expands the reach of its education program and as the outdoor water use regulations 
are enforced and followed, the atmosphere will be much more conducive to implementing a Universal 
Metering program in the future. Community readiness for an expansion of the ICI and Multi-Family 
metering program into a Universal metering program should be investigated in the District’s next 
Water Master Plan in 5 – 10 years. 

RECOMMENDATION: 

Universal water metering should not be included in the District’s WCP at this time.   

As detailed in the Water Metering Strategy technical memo universal water metering is costly to 
implement and is generally not well supported by communities without extensive education 
campaigns. Although it can result in a significant reduction in water demand when combined with a 
volumetric rate structure and provides valuable knowledge about consumption of water, it is 
difficult for utilities to justify the implementation cost.  

 
6.2.1.2 Bulk Water Metering 

There are two bulk water filling stations at the District. These are the Clarke Drive and Production Way 
stations. The water filling stations in the District, each equipped with a cardlock system, are metered. 
Each water filling station user is billed according to his or her consumption of water. 

RECOMMENDATION: 

Metering the use of water filling stations should continue though it needn’t be included in the WCP.  
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6.2.2 Volumetric Pricing and Rate Structure 

The Water Rates Bylaw regulates the rates, terms and conditions under which water from the 
municipal water utility may be supplied and used. Research suggests that water demand is sensitive to 
changes in pricing structures as well as water prices. A set price or flat fee is considered to be the least 
effective pricing structure for promoting conservation.  

In British Columbia, water prices generally fail to account for environmental costs or even the full 
financial costs of providing the water service. Environmental costs are not well understood at this time 
but improvements are being made in understanding the full economic cost of the service. Most water 
consumers are accessing potable water at a discounted rate that does not encourage conservation. This 
water conservation strategy involves understanding the overall value of potable water and conveying 
that to water customers according to their usage volumes through the pricing structure.   

Water rates are normally set at a level designed to collect necessary revenue for utility operation. They 
should be reviewed to account for changes (increases or decreases) in costs, system size, and service 
level expectations.  

There are several types of rate structures which can be used to encourage water conservation, 
including those listed in Table 6.2. The majority of these require measurement of customer’s water 
consumption. Metering is therefore essential for the adoption of any volume-based pricing structure. 

Table 6.2: Water Rate Structures 

Volumetric Rate Structure Customer bills vary with 
water usage Pricing signal 

Uniform rate Price per unit is constant as 
consumption increases. 

Reduces average demand. 

Inclining block rates Price per block increases as 
consumption increases. 

Reduces average and peak 
demands. 

Seasonal rates Prices during season of peak use 
are higher. 

Reduces seasonal peak demand. 

Excess-use rates Prices are significantly high for 
above average users. 

Reduces peak demand. 

Indoor / outdoor rates Prices for indoor use are lower 
than outdoor use. 

Reduces seasonal peak demand 
associated with outdoor use. 

Sliding-scale rates Price per unit for all water use 
increases based on average 
consumption. 

Reduces average and peak 
demand. 

Spatial pricing Users pay for the actual cost of 
supplying water to their 
establishments. 

Discourages new or difficult-to-
serve connections. 

Penalties Charges certain customers a pre-
specified amount for exceeding 
allowable limits of water use. 

Reduces peak demand and 
discourages wasteful water use. 
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Typically, inclining block rate or seasonal pricing encourages efficient water usage. Inclining block rate 
structures have been effective in promoting reduced water consumption in many municipalities where 
universal metering has been implemented. According to the USEPA Water Conservation Plan 
Guidelines (August 1998), pricing and rate structures can result in water use reductions of 2 to 8%. An 
increasing block-rate structure can result in water use reductions of 5%. 

The District does not currently have a volumetric pricing structure to encourage water conservation 
written in its bylaw. This measure would only be applicable to those properties that are metered. The 
District charged unmetered residents in single family homes a flat annual rate of $319.15 in 2013. 
Metered customers who were charged the metered rate in 2013 were charged a meter rent charge, and 
$1.50 per 100 cubic feet of water.  

A small portion of the customers with metered service connections are billed according to their water 
usage, while the majority of these customers are charged a flat rate that is based on the Water Rates 
Bylaw (Bylaw No.676) 

A recent 2013 water rate structure review carried out by the District was initiated as a response to 
public concerns around billing inequalities. While meters are currently being read, a metered water 
rate charge is not charged for most customers. The water rate challenges are compounded by the 
recent large (necessary) water rate increases which have been initiated in the last four years from 
recommendations in the District’s Asset Management Plan. 

Since the District does not meter all of its water customers, conservation based pricing and rate 
structure adjustments cannot be effectively carried out at this time. A robust water consumption 
dataset should be constructed to inform the development of the conservation based pricing.  

When sufficient data is compiled inclining vs declining block structures should be looked into as they 
apply for the different customer groups. Declining block structures are most appropriate for 
residential customers whereas inclining block structures are for the ICI customer group. These and 
other volumetric pricing strategies should be reviewed at a later date as the ICI & MF metering 
program becomes established or when universal metering is considered.   

RECOMMENDATION: 

A robust water consumption dataset is required to progress this strategy further.  

Volumetric pricing strategies should thus be reviewed at a later date. This may be considered once 
the ICI & MF metering program has been established for a few years and there is confidence in the 
dataset produced or when universal metering is considered. 

 
6.3 Network and Customer Demand Tools 

Customer and network demand tools address customer behaviours and losses through the water 
distribution network up to and including the point of consumption (i.e. the home or business). 
Customer behaviours are targeted by home or business water use audits, rainwater harvesting, water 
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efficient landscaping, and rebate programs. Network losses are targeted by system water audits, leak 
detection and repair programs, and pressure management. 

Many of these tools may require up-front expenditures to both the water utility and the customer for 
their design, implementation, and servicing. Another obstacle to implementation of these tools is the 
degree of technical knowledge required. 

6.3.1 Network Water Loss Management 

The water in the distribution system can be classified into two categories: authorized consumption or 
water loss. Authorized consumption can be either metered or unmetered water use that may or may 
not be billed. Water loss can be either the apparent losses due to meter inaccuracies or unauthorized 
consumption, or real losses due to water leaks/breaks.  

Every water system loses water through leaks and breaks. Even newly constructed water lines are 
allowed a certain minimum leakage rate depending on system pressure, pipe size, number of joints 
and water services, and type of pipe. Most water systems experience breaks or leaks in watermains, 
service lines, hydrants, tanks, valves, and appurtenances that occur due to a variety of failure modes. 
The problems associated with ageing facilities and deteriorating system components are part of the 
growing infrastructure problem faced by most utilities.  

Water loss carries a significant price tag, both economic and environmental.  It is not cost effective to 
have a product that does not reach its consumer, nor is it a good use of resources to treat a product 
only to have it lost in the distribution system. Proper accounting of water used and lost, with corrective 
measures, will help reduce the costs associated with potable water and lead to a more sustainable 
product. There are two general components to water loss management; water audits and a leak 
detection and repair program.  

6.3.1.1 Water System Metering & Audits 

A water audit is a process to measure consumption and losses in a system. A water audit enables the 
District to determine the water supplied, consumed, and lost in the distribution system. It also allows 
the District to quantify the cost of that lost water.   

Water losses comprise of real (leakage) and apparent (paper losses) losses. These include:  

 Meter Error and Inaccuracies 
 Unauthorized Consumption 
 Distribution System Leaks 
 Storage Reservoir Leakage 
 Storage Reservoir Overflows 

By reducing real losses, there is a direct conservation benefit. Every amount of reduced leakage is that 
same amount of water that does not need to be supplied by the source. A base level of information 
about the system is required to carry out a water audit. This may require installation of flow meters 
and other infrastructure in order to generate meaningful results. 
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Within the scope of its Water Loss Management program, the District has installed five District meters 
throughout its water network. These and additional meters will enable the District to complete water 
system audits on a periodic basis. 

RECOMMENDATION: 

The installation of district meters and the water audits carried out under the Water Loss 
Management program should be supported by and included in the District’s WCP. 

Water audits improve the utility’s knowledge of the water supply infrastructure which can lead to 
significant reductions in demand by enabling the identification of leaks and allow the utility to 
monitor the efficacy of other water conservation programs. Beyond the initial costs of putting the 
required metering infrastructure in the network, costs for carrying out audits are generally low.  

  

6.3.1.2 Leak Detection and Repair Program 

A leak detection and repair program should be considered by utilities to reduce the volume of non-
revenue water related to system losses. Initial steps are to review leak, break, and maintenance data to 
identify areas of historical pipe problems and review reservoir overflow levels. They also include 
metering or estimating municipal uses such as main flushing, street washing, and firefighting.  
Information from the water audit is also an input.  

Leak detection equipment was purchased during the development of the Water Loss Management 
program and staff received two days of equipment training. The system is not routinely inspected for 
leaks; the District currently is not following a proactive leak detection program. Staff currently use the 
equipment to identify the exact location of leaks upon receipt of service requests.  

RECOMMENDATION: 

The leak detection program currently carried under the Water Loss Management program should be 
expanded to periodically inspect high risk areas identified in the AMP and the District’s WMP. 

Implementing a program increases knowledge about the water supply infrastructure, and has a 
significant effect on water demand. The first steps in a leak detection program are relatively easy, 
inexpensive to implement, and have already been carried out by the District. 

 
6.3.1.3 Pressure Management 

This conservation strategy is designed to reduce the amount of leakage and water lost in the 
distribution system. During low consumption periods (i.e.: night-time flows) the distribution system is 
subjected to higher pressures than during the daytime. A pressure management strategy will use PRV 
stations to reduce pressure in the system during periods of low demand. Lower pressures reduce the 
amount of background leakage. Reduced pressures may also extend the life of existing water system 
infrastructure. 
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Implementing a pressure management system is most cost-effective where pressure zones are only 
supplied by PRVs and the elevation change across a pressure zone is relatively minor. This strategy has 
been implemented by municipalities throughout the B.C. with some success. Reducing pressure in 
residential areas can result in gross water use reductions of 3 to 6%. 

While the valley area of the District is ideal for implementing pressure management, the characteristic 
of the Squamish River zone which may hold back the District from implementing pressure 
management within it is the fact that the elevation change across the zone is large when properties in 
the Garibaldi Estates area are considered. Options to transfer these properties along Garibaldi Estates 
to the Boulevard zone may provide the District with the ability to implement pressure management to 
the Squamish River zone. However, the implications and feasibility of transferring properties to the 
Boulevard zone and other pressure management opportunities have not been reviewed at this time.  

The opportunity described was identified, through a cursory desktop study, as a possible quick win for 
the District. It appears to offer the highest return as it is the largest zone but this should be 
investigated further in the District’s next Water Master Plan in 5 – 10 years. 

RECOMMENDATION: 

Pressure management should not be included in the District’s WCP at this time.   

While the valley area of the District is ideal for implementing pressure management, there are 
Squamish River zone characteristics which may hold back the District from implementing pressure 
management. The implications and feasibility of this measure should be assessed at a later date. 

 

6.3.2 Customer Water Audits 

6.3.2.1 ICI Water Audits 

This conservation strategy involves hiring a trained water auditor to advise business owners on how to 
reduce water usage. Large water users are typically part of the Industrial, Commercial and 
Institutional (ICI) sector. A water audit is a visual inspection of the water use systems within the 
business while it is operating to determine existing water uses, losses, and appropriate conservation 
practices, and to offer water use improvement recommendations. 

The City of Abbotsford hired two external firms to conduct water audits of the large industrial 
customers served by the water utility. Through this pilot project between 20 and 25 industrial 
customers were audited. According to the Abbotsford experience the audit of industrial facilities is best 
inspected by technologists or engineers but smaller institutional or commercial businesses, even strip 
malls, can be adequately audited by trained students.  

According to USEPA Water Conservation Plan Guidelines (August 1998), general industrial water use 
audits can result in water use reductions of 10 to 20%. 
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The District will be implementing ICI and Multi-Family (MF) metering in the early stages of its first 
WCP. Conducting ICI water audits in conjunction with the implementation of the metering program 
can facilitate the transition of this customer base from unmetered to metered utility billing.  

RECOMMENDATION: 

ICI Water Audits should be included in the District’s WCP. If the timing of the program is 
optimized, it can facilitate the transition of this customer group from a flat charge water rate to a 
metered rate. The cost of the audit should be covered by the District at no cost to these customers as 
they will be covering the value of the meter. 

Most of the District’s largest water users are from the ICI customer category. This water 
conservation measure can produce a significant effect on water demands by targeting the high water 
use customer group whose consumption does not vary seasonally.  

 

6.3.2.2 Residential Water Audits 

This conservation strategy includes hiring a trained water auditor to advise residents most importantly 
about adjustments to irrigation practices/systems to save water. Residential water audits can reduce 
both indoor and outdoor water usage. A typical residential water audit includes a review of the 
residential water use pattern and billing (if applicable), leak checks of the water connection (with the 
help of a water meter or sounding tool), leak checks of toilets, and outdoor landscape and sprinkler 
assessments.  

Water audits have been offered free of charge in the City of Richmond. They were used by its water 
utility as an incentive within the universal metering program launch. The City of Abbotsford also does 
residential audits with a focus on the irrigation water use practices and systems of this customer 
group. This program has been in place for the past three years and approximately 100 audits have been 
completed. The measured savings were significant at 0.27ML/day in 2013. Most peak water savings 
achieved across the Abbotsford water utility that year stemmed from this program.  

The Abbotsford experience indicates that this program can be completed with the hire of summer 
students who should work in teams of two for security reasons. The students hired by Abbotsford were 
trained by a consultant and the Irrigation Association of BC. Abbotsford will be implementing an 
application to automate the production of water audit reports which are otherwise a time consuming 
task.  

According to USEPA Water Conservation Plan Guidelines (August 1998), outdoor residential water use 
audits can result in water use reductions of 5 to 10%. 

The cost and effort to have auditors visit every resident is high. For this program to result in significant 
reductions in demands, it requires residents to act on the advice provided by the auditors.  It would 
nonetheless significantly increase awareness around water conservation practices. 

The District will be implementing ICI and MF metering in the early stages of its first WCP. Conducting 
MF water audits in conjunction with the implementation of the metering program can facilitate the 
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transition of this customer base from unmetered to metered utility billing. Water audits of single 
family residential units should be considered at a later date when universal metering is implemented. 
This program, if offered free of charge to customers, can be used as an incentive for the change in 
billing methods. 

RECOMMENDATION: 

Residential Water Audits of Multi-Family customers should be included in the District’s WCP. If the 
timing of the program is optimized, it can facilitate the transition of this customer group from a flat 
charge water rate to a metered rate. The cost of the audit should be covered by the District at no cost 
to these customers as they will be covering the value of the meter. 

Water audits of single family residential units should be considered at a later date when universal 
metering is implemented. 

 

6.3.2.3 Large Landscape Water Audits 

This conservation strategy involves hiring a trained water auditor to advise customers of adjustments 
to irrigation practices/systems to save water. This measure targets high outdoor water users in the ICI 
customer group. A trained irrigation auditor evaluates the water use efficiency of irrigation systems 
and evaluates conservation measures, e.g. irrigation scheduling, efficient irrigation systems, 
Xeriscaping. 

According to USEPA Water Conservation Plan Guidelines (August 1998), large landscape water use 
audits can result in water use reductions of 10 to 20%. 

RECOMMENDATION: 

Landscape water audits should not be included in the District’s WCP.  

There are no large irrigation users in the District that warrant a dedicated program. The primary 
irrigation schemes are the District’s sports fields which are serviced by a system separate to the 
potable water distribution network. This separate system is fed by shallow groundwater wells. 

 

6.3.3 Rebate Programs 

There is a gradual increase of water efficient technologies being installed in homes and businesses as 
water conservation is promoted through public education programs and development bylaws. Rebate 
programs are tools which tend to increase the uptake of these technologies into homes and businesses 
in a short amount of time. 

This conservation strategy provides utility customers with a financial incentive (e.g. low interest 
forgivable loans, tax credits, rebates and buy-backs of inefficient devices) to install water efficient 
devices. It helps to create awareness and motivation for water conservation. Incentives may offer a 
subsidy to the utility customer that helps cover the cost difference between purchasing a standard 
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water use appliance compared to a new lower water use appliance. It can thus stimulate replacement 
of old appliances in advance of their failure.  

Devices and means that can be accounted for in rebate programs include the following: 

 Retrofit kits 
 Ultra low flush toilets 
 Rain barrels (discussed further in 6.5.1) 
 Grants for community xeriscaping 
 High efficiency appliances (washing machines and dishwashers) 

This strategy has been implemented by municipalities throughout the province of British Columbia 
with varying degrees of success. Rebate programs require a high level of uptake from the community 
for water demand to reduce by any noticeable amount. They can be very expensive for the 
municipality, as the value of the rebate given often exceeds the change in water demand achieved. 

Rebate programs are more effective where the reduction in water demand has a direct effect on 
homeowners’ water usage fees, for example, in areas where universal residential metering is in place.  
However, rebate programs are useful as an educational tool for indoor water conservation within the 
home. The SCRD implemented a low flush toilet and showerhead rebate program. They estimated that 
it had costed $2 million over the 2006 to 2011 period and that it led to a 411 m3/day reduction in ADD 
(less than 1%). 

For a utility like the District’s, where there is no universal water metering combined with a volumetric 
water rate structure that encourages water conservation, there is little incentive for utility customers to 
take advantage of rebate programs. As the District expands the reach of its education program, the 
atmosphere will be much more conducive to the use of such rebates. The strategy should be reviewed 
at a later date when universal metering and volumetric pricing are being implemented.   

RECOMMENDATION:  

Rebate programs should not be considered for inclusion in the District’s WCP. They are costly to 
implement, require a high level of community support, universal metering, and do not guarantee a 
significant reduction in water demands.  

The program should be considered upon the implementation of universal metering a water rate 
structure that encourages conservation. It could be combined with the Water Audit programs as a 
means to assist utility customers in addressing the water audit findings. 

 
6.4 Educational and Outreach Programs 

6.4.1 Public Education 

Information and education tools are used to encourage water conservation. These strategies are based 
on an assumption that personal actions are influenced by awareness and understanding.  An essential 
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part of any water conservation program is a robust communication strategy that makes utility 
customers aware of the reasons for water conservation and the part they play.  

The goal of the program should be to develop a conservation ethic among water users, since rate and 
regulatory incentives have different effects on different consumer groups. The public must understand 
why water conservation is important and take conscious ownership of their water related actions.  The 
costs associated with the construction of new or expanded water and wastewater facilities should be 
compared to the benefits that can be derived from conserving water.   

This strategy has been implemented by all municipalities interested in water conservation throughout 
B.C. and Canada. It is an integral part of a water conservation program. According to USEPA Water 
Conservation Plan Guidelines (August 1998), public education measures can result in water use 
reductions of 2 to 5%. 

The District is engaged in the distribution of educational pamphlets, brochures, fridge magnets, news 
releases, and Frisbees and it makes water conservation information available on its website. It has also 
participated in community events and used these as a platform to promote the outdoor water use 
bylaw. The District should continue its current public education initiatives and incorporate relevant 
elements of the other water conservation programs rolled out within the WCP. 

RECOMMENDATION: 

Public Education campaigns should be further considered for inclusion in the District WCP.  

Increasing awareness about water conservation is important in the long term and it supports many 
of the other water conservation programs identified in the WCP.  

 

6.5 Partnership and Collaboration Initiatives 

The District’s water conservation officer has formally and informally partnered with stakeholders 
including the Fire Department, Development Services Department, irrigation companies, the School 
District, and the Climate Action Network (CAN) to promote water conservation. Most of the 
partnerships are informal and currently relate to the enforcement of the outdoor water use by-law. The 
partnership established with CAN is discussed here.  

6.5.1 CAN & Rain Barrel Workshop 

Rainwater harvesting with the use of rain barrels has the potential of curbing water consumption and 
mitigating stormwater flows. Depending on precipitation distribution and end use statistics, rainwater 
harvesting programs such as rain barrel rebate programs can be an effective tool to reduce the uses of 
potable water for household garden irrigation. 

Delta, B.C., implemented a rain barrel rebate program which resulted in water savings difficult to 
quantify. Though Delta’s program did have an outreach and education impact within the community. 
Other communities have achieved nominal success with low uptake of their rain barrel rebate 
program.  
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As the success of the program is dependent on the number of voluntary participants, the potential 
water reduction in terms of average and maximum day demand reduction for the District is difficult to 
quantify. It is the outreach through workshops for example that can lead to changes in customer 
behaviour.  

The CAN is currently developing a workshop on how to build a rain barrel. The Water Conservation 
Officer has been approached about supporting this initiative through workshop promotion. This 
initiative should be encompassed within the broader public education program. 

RECOMMENDATION: 

Formal endorsements of such education programs that help the District meet its strategic goals 
should be included in the WCP. They should be highlighted as they foster community 
engagement/buy-in and recognise efforts made by local change agents. 

 

7 Water Conservation Plan 

7.1 Selected Water Conservation Programs 

In keeping with the water conservation goals previously stated in Section 4.2 the following seven 
programs were selected for the District of Squamish’s Water Conservation Plan.  

Table 7.1: Water Conservation Plan Programs 
Water Conservation 
Program Program Recommendation Statement 

Outdoor Water Use Bylaw 
Enforcement  

The District’s four stages of water restrictions in the Water Use Bylaw and 
Schedule U of the “District of Squamish Municipal Ticket Information Bylaw 
No. 1832, 2004” do not require amendments. Their structure is in keeping with 
other BC utilities. The fines associated with the offences listed in Schedule U act 
as a deterrent, however the effectiveness of these bylaws would be enhanced by 
stricter enforcement. 
The District should maintain the water conservation officer position created in 
2013 and assign bylaw enforcement responsibilities to the role. Though this 
person may not give out fines, this person is best suited to assist bylaw officers 
with the enforcement of the Water Use Bylaw by patrolling the community from 
May to September. The water conservation officer should: 

- identify and record households that are in violation of the bylaw, 
- give notices of infractions whilst educating the public on the bylaw and 

water conservation measures they can take to comply, and 
-  inform bylaw officers of repeat offenders that are to be fined.  

In order to enact this project the District needs to establish: 
- the number of notices bylaw offenders can be given prior to a fine, and 
- working alone procedures that ensure the safety of the water 

conservation officer when for example he or she is notifying customers 
of a non-compliance.  

The cost of these two actions are nominal and can be completed in house. 
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Water Conservation 
Program Program Recommendation Statement 

Customer Water Audits A trained water auditor should be made available to customers who seek 
professional advice on their water use patterns and assistance in identifying 
water losses. During the first years of this program access to the water auditor 
should be prioritised for the MF and ICI customers (light industrial, 
commercial, and institutional) as they will be impacted by the metering 
program. A water audit can facilitate the transition of this customer base from 
unmetered to metered utility billing.  
The District should maintain the water conservation officer position created in 
2013 as this person is well suited for carrying out the majority of water audits. 
Complex audits, such as those of industrial processing facilities, warrant the 
employ of an engineer and should be dealt with on a case by case basis. To 
balance the workload of the water conservation officer across the calendar year 
the water audit service should be offered during a small period outside of the 
summer months.  
In order to enact this project the District needs to establish: 

- a standard water audit form, procedure, and report, and 
- working alone procedures that ensure the safety of the water 

conservation officer when for example he or she completing an audit.  
The cost of these two actions are nominal and can be completed in-house by the 
water conservation officer. In the development process the officer can draw on 
the experience of nearby municipalities such as the City of Richmond and the 
City of Abbotsford. 

Building Bylaw 
Amendments (1): Low Flow 
Fixtures 

Modification to the existing building construction bylaws and permits that 
enforce use of low-flow fixtures in new construction or major rehabilitation 
projects should be completed. This low cost measure supports efforts already 
underway in the District as well as statements in the District’s OCP and Annual 
Report. It can be completed by District staff. The cost of this program is 
nominal as it is expected to require a small amount of the Development Services 
department and the water conservation officer’s time. 
As required, District staff can refer to the requirement for low-flow fixtures 
written into bylaws by other BC Municipalities. They can also refer to the B.C. 
Building Code through which the Province has mandated the use of ultra-low-
flow toilets (6.0 L/flush) and other water-saving plumbing fixtures and fittings 
in new construction and renovations.  

Building Bylaw 
Amendments (2): 
Xeriscaping 

Modification to the existing building construction bylaws and permits to 
include a policy on xeriscaping should be completed. This low cost measure 
supports efforts already underway in the District as well as statements in the 
District’s OCP and Annual Report. It can be completed by District staff. The 
cost of this program is nominal as it is expected to require a small amount of the 
Development Services department and the water conservation officer’s time. 
Additional efforts invested in xeriscaping by the District should be otherwise 
limited. Xeriscaping does not typically provide much financial incentive to 
homeowners until universal metering is implemented. Therefore programs that 
encourage the use of water efficient landscapes and promote the xeriscaping 
policy are a subsequent step that should be considered at a later date.  
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Water Conservation 
Program Program Recommendation Statement 

Water Loss Management 
Program 

The District is growing its capacity to locally and broadly manage the losses 
across its network.  
The District purchased leak detection equipment during the development of the 
Water Loss Management program and staff received two days of equipment 
training. Staff currently use the equipment to identify the exact location of leaks 
upon receipt of service requests. This practice is good though the use of the 
equipment should be expanded to complete periodic inspections of high risk 
areas of the network identified in the AMP and included in the District’s WMP. 
This task will not require additional field staff time since existing resources can 
be diverted to complete it as and when needed.  
At a high level, only ten district meters are left to install between the network’s 
pressure zones to have the entire network covered. Once this telemetry 
infrastructure is providing the necessary data, audits to determine network 
losses can be completed with much more ease and accuracy by District staff as 
and when needed. This data will also facilitate the occasional production of 
comprehensive engineering studies.  
The activities and programs that will be completed under the umbrella Water 
Loss Management Program are a means by which the District puts in practice 
its commitment to water conservation. Though the cost of the district meters, 
network water audits, and leak detection activities are budgeted separately from 
the water conservation plan, the benefits of these programs should be 
communicated to the community in the water conservation messaging. 

Public Education 
Campaigns 

The collaboration between the water conservation officer, the District’s 
communications team, and the graphics manager to manage the 
communication strategy and educational material should continue. The 
outcome of their previous work broadened the Water Education Plan’s reach 
and increased the quality of the targeted messages to the community. The 
District’s current public education initiatives should be updated to incorporate 
elements of the water conservation programs into the messaging. 
The cost of this program is nominal as it can be completed internally on an 
ongoing basis. It will require District’s staff time to maintain previously 
prepared communication materials and create new materials related to ongoing 
water conservation issues such as water audits and increased enforcement of 
the Outdoor Water Use Bylaw. 

Endorsement of Local 
Initiatives 

The District should continue to formally endorse water conservation programs 
prepared and delivered by stakeholders that align with the District’s strategic 
goals. These local initiatives foster community engagement/buy-in for water 
conservation by recognising efforts made by local change agents. 
Endorsement of local initiatives, such as the Rain Barrel Workshop prepared by 
CAN, can be promoted at a nominal cost within the umbrella Public Education 
Campaigns program.   

 
These programs will lay the foundation for the District to meet its water conservation target of an 
average day demand of 479 (L/capita/day) and a maximum day demand of 723 (L/capita/day) by 
2031. The highest impact will be achieved in the short term by the Outdoor Water Use Bylaw 
enforcement. As this program is rolled out in the summer months and targets irrigation it will 
influence the MDD and consequently the ADD as well.  
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The full impact of the bylaw amendments, customer water audits, the education campaigns, and the 
support of local initiatives will take longer to be achieved and will be relatively smaller in scale. These 
programs remain nonetheless important. They develop the conservation ethic across the municipality 
which bolsters buy-in for future conservation programs that will have more bearing on customers. 

The Water Loss Program is a means by which the District puts into practice its commitment to water 
conservation by targeting network losses. It has the added value of providing valuable data that can 
improve monitoring of the network’s operation.  

7.2 Proposed Implementation Schedule & Budget 

The following five year plan outlines the short term implementation schedule and budget for the 
selected Water Conservation Programs. The annual costs included in the budget table pertain to the 
salary of the water conservation officer ($66,000), split between the three most time consuming 
programs, and an allocation for the cost of producing communication materials and publishing in local 
media venues ($2,000). Costs that are already incurred by the District such as the Water Loss 
Management Program, which is covered in utility operations, and the vehicle charges related to the 
water conservation officer’s activities were not included in the plan.  

Table 7.2: Water Conservation Plan Schedule and Budget 

Water Conservation Program Annual 
Cost 2015 2016 2017 2018 2019 

Outdoor Water Use Bylaw Enforcement  $33,000 

Customer Water Audits $16,500 

Building Bylaw Amendments (1): Low Flow Fixtures  Nominal 

Building Bylaw Amendments (2): Xeriscaping  Nominal 

Water Loss Management Program Initiatives 
- Installation of district (zone) meters and 

completion of network water audits. 
- Continuation of leak detection program. 

 
- Utility 

O&M 
- Nominal  

  
 

Public Education Campaigns $18,500     
Endorsement of Local Initiatives Nominal     

 
The majority of the programs will occur on an ongoing basis as they should eventually become an 
integral part of utility management. Only the Bylaw Amendments are a one-time occurrence. 
Implementation of the Building Bylaw will fall under the responsibility of Development Services 
through the building inspection program it oversees. The implementation of the Customer Water 
audits was scheduled to coincide with the ICI and MF metering program that will commence in 2016.  

This schedule of costs was incorporated in the financial analysis completed as part of the Water Master 
Plan. 

7.3 Monitoring Demand Trends 

Although not a program in and of itself the practice of monitoring system demands, as they are 
recorded at the well site through SCADA, should be carried out. The analysis of demand trends in 
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relation to water conservation programs, the Outdoor Water Use Bylaw Enforcement program in 
particular, should be periodically completed by the water conservation officer in collaboration with 
utility staff. This trend analysis will serve to verify the efficacy of the District’s water conservation 
programs in decreasing demand towards the previously stated water conservation target.  

8 Additional Recommendations 

Activities that do not relate to the current Water Conservation Plan but that will inform revisions of 
the WCP in years to come were identified in the process of writing this document. These are as follows: 

 Improve service connection dataset: This is a task that was previously identified in the 
District Asset Management Plan. One of the values of an increase in the accuracy of this 
dataset, as it pertains to the WCP, is that it will improve the quality of future feasibility 
assessments of universal metering programs.  

 Collection and storage of consumption data: This data is necessary to any water rate 
restructuring analysis which would investigate the possibility of implementing for example 
inclining or declining block rate structures. The quality of the data produced through the 
ICI and MF metering program should be verified and assured.  
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1 Introduction 

1.1 Purpose 

The District of Squamish (District) has retained Opus DaytonKnight Consultants Ltd (Opus DK) to 
update and refine the AC watermain replacement strategy identified in the District’s 2011 Asset 
Management Plan (AMP). A thorough risk assessment of the District’s AC watermain inventory 
conducted by Opus DK has identified opportunities for deferring replacements in the water network. 
These opportunities were identified through an updated probability of failure analysis which included 
review of system pressures and soil conditions in addition to the watermain age. This report presents 
the development of a preliminary AC Watermain Renewal Plan for the 2015-2031 planning horizon 
and the pipe condition testing measures recommended to substantiate and finalise the renewal plan. 

The outcomes of the preliminary AC Watermain Renewal Plan have been included in the financial 
analysis of the District’s Water Master Plan to quantify the cost implications of AC watermain renewal 
on the water utility. The associated reinvestment in the network depicts a revision of the infrastructure 
spending backlog attributed to the AC pipe inventory. It moderates the scale of the backlog in a 
defensible manner based on a better understanding of the state of the infrastructure and local 
tolerances for consequences of failures. The renewal plan is to be corroborated and fine-tuned with the 
results of the pipe condition testing.   

1.2 Background 

As watermains age, municipalities are faced with the challenge of assigning limited capital 
expenditures to their water network’s replacement or rehabilitation. AC watermains have the shortest 
expected service life of most pipe materials in utility inventories and form a considerable portion of the 
District’s water network. Softening of the pipe walls is known to occur in AC watermains, a 
deterioration process unlike most of the other pipe materials. The deterioration of AC watermains 
significantly impacts renewal planning and budgeting, depreciation analysis, and acceptable levels of 
risk. Thus the expected service life and condition attributes of AC watermains is very important for 
water utilities to monitor.  

According to the 2011 AMP, AC pipes total approximately 70% of the District’s water network. For the 
purposes of the District’s first AMP, the design lifespan for the AC watermain was established at 50 
years and applied across the entire inventory in the 2011 AMP. This preliminary infrastructure 
reinvestment requirement analysis determined that on average the water network’s AC watermains 
have an estimated remaining life of 10 years and that this subset of the inventory would require 
replacement within the next 20 years. Through subsequent analysis, by Opus DK, of the District’s 
watermain break history (2011-present) an increasing trend in AC watermains breaks was identified. 
Although the increase in breaks may be influenced by improved reporting, the financial implications of 
each of these findings are significant. 

Effective management of a watermain inventory requires a measured renewal plan based on a sensible 
assessment of current conditions, along with a reliable methodology to forecast future renewal 
requirements under different financial planning scenarios. Opus DK has refined the analysis 
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supporting the initial AC Watermain Renewal Plan identified in the District’s 2011 AMP by examining 
in greater detail the probability of failure of this inventory subset. This will allow Squamish the 
possibility of deferring AC watermain replacements until they pose an unacceptable risk of failure, 
provided that the AC watermain test program yields results supporting deferral strategies. The 
outcome of this project will also be incorporated into the financial modelling task of the Water Master 
Plan project underway and can be used by the District at the time of updating its AMP. 

1.3 Scope 

This report contains the desktop review of the existing life expectancies of AC watermains in the 
District, an assessment of the consequence of failure of the watermains, a review of treatment methods 
(replacement or run to failure), and an optimised AC watermain replacement schedule. The report also 
provides details to carry out an AC pipe condition testing program to yield a preliminary deterioration 
model customised to the District’s inventory and conditions. The scope of the assignment includes the 
following: 

 Task 1 – Information Gathering 
 Task 2 – Probability of Failure Analysis 
 Task 3 – Consequence of Failure Analysis 
 Task 4 – Risk Analysis 
 Task 5 – Preliminary AC Watermain Renewal Plan  
 Task 6 – AC Watermain Test Program (to be completed) 
 Task 7 – Revised AC Watermain Renewal Plan (to be completed) 

 
The AC Watermain Renewal Plan can be further refined following the proposed condition testing.  

2 Information Gathering 

The following pertinent data was gathered for this assignment through the Master Plan project and in 
discussion with the District: 

 National Earthquake Hazards Reduction Program (NEHRP) soils map 
 Break records (2011 onwards) 
 2011 Asset Management Plan (AMP) 
 2011 AMP watermain criticality data file 
 District’s most updated watermain inventory data file 
 District financial records 

3 Probability of Failure 

The probability of failure documented in the 2011 AMP, was determined solely by a pipe segment’s age 
relative to the expected service life associated with its material. The expected service life for the AC 
material pipes was established at 50 years in the 2011 AMP and identified as a design lifespan in that 
document. This value is consistent with industry estimates used for amortisation purposes. It serves as 
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a broad assumption that should be refined with consideration of local conditions and deterioration 
patterns. The age-based methodology employed to determine the probability of failure in the 2011 
AMP is captured in the rating scale table that follows.  

Table 3-1 2011 AMP Probability of Asset Failure Rating Scale 
Rating 1 2 3 4 5 

Probability 
of Failure in 

5 Years 
Remote Unlikely Moderate Probable Imminent 

Remaining 
Service Life 

More than 
50% 

remaining 
lifespan 

More than 
10% 

remaining 
lifespan 

Less than 
10% 

remaining 
lifespan 

Exceeded 
by more 
than 10% 

Exceeded 
by more 
than 50% 

Source: District of Squamish 2011 Public Works Asset Management Plan 

This methodology was refined by Opus DK firstly by tailoring the rating scale to solely reflect the AC 
watermains expected service life of 50 years and the age of the current inventory. Following this 
adjustment additional critical factors that influence pipe failure were considered, including maximum 
operating water pressure and surrounding soil environment. These three factors attributed to each AC 
watermain segment were averaged for a final probability of failure ranking between one and five: 1-
Remote, 2-Unlikely, 3-Moderate, 4-Probable, 5-Imminent. 

Available break history was used to assess the accuracy of the probability of failure rankings. In the 
2011 AMP, pipe diameter was found to be a critical factor in determining the consequence of failure of 
a watermain segment. This is discussed in Section 2.3 of this report, and has thus been excluded from 
the probability of failure analysis.    

3.1 Age Rating 

In conducting the desktop review, the following age distribution for AC watermains was noted: 

Figure 3-1 AC Watermain Age Distribution
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Opus DK has modified the original probability of failure rating from the 2011 AMP for the age factor to 
assess probability of failure more evenly across all AC watermains, according to the scale below: 

Table 3-2 Probability of Failure - Age Factor 

Rating 1 2 3 4 5 

Probability 
of Failure in 

5 Years 
Remote Unlikely Moderate Probable Imminent 

AC 
Watermains 

Age 
<25 years 25-30 

years 
30-40 
years 

40-50 
years >50 years 

 

It is important to note that this rating scale of pipe age initially serves to provide a snapshot of the 
current system. Age is the primary parameter that changes and affects the probability of failure and 
consequently the risk rating of a watermain. It is essential to properly define the utilization of a 
ranking system based on age.  

3.2 Pressure Rating 

A maximum operating water pressure dataset derived from point junctions modeled in the District’s 
water model was spatially related to nearby watermains in the District’s watermain data file. Based on 
the pressure distribution in the modeled water network, the following rating scale was used: 

Table 3-3 Probability of Failure - Pressure Factor 
Rating 1 2 3 4 5 

Probability of 
Failure in 5 

Years 
Remote Unlikely Moderate Probable Imminent 

AC 
Watermains 

Pressure 
<40 PSI 40-60 PSI 60-80 PSI 80-100 PSI >100 PSI 

Figure 3-2 provides an overview of the spatial relationship between modeled hydrant pressures and 
corresponding assigned pressures to nearby watermains.  

3.3 Soil Rating 

The District provided a soil map classifying soils into five categories based on shear wave velocity, as 
defined by the American National Earthquake Hazards Reduction Program (NEHRP). Although this 
data is meant to identify shaking hazards during an earthquake based on soil profiles, it has use in 
predicting the probability of failure of AC watermains. Softening of the wall and overall deterioration 
of AC watermains is affected by the water saturation level in surrounding organic soils with low pH. It 
leaches out the calcium which leads to softening of the wall structure. Using the soil map and slightly 
modified descriptions for each soil type, the following probability of failure rating was made:  
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Table 3-4 Probability of Failure - Soil Factor 
Rating 1 2 3 5 

Probability of 
Failure in 5 Years Remote Unlikely Moderate Imminent 

AC Watermains 
Soil Profile A B  C D E 

Description Hard, Igneous 
rock Bedrock 

Very dense 
soils and soft 

rock 

Stiff soils - 
sands, gravels, 
silts, and mud 

Soft, saturated 
soils and 

artificial fill 
 
The soils profile map of the District has been included in the report for reference in Figure 3-3.  

Probability of Failure Results 

The combined average of age, pressure, 
and soil type factors yielded a probability of 
failure ranking between 1 and 5, for each AC 
watermain at the end of its expected service 
life. Considering total lengths of all AC 
watermain segments, the distribution is as 
follows: 

 Rank 3 – Moderate (15%) 
 Rank 4 – Probable (84%) 
 Rank 5 – Imminent (1%)  

Break History Analysis 

Break history from 2011 onwards was 
provided by the District through photo documentation. Street names, dates, and the type of break was 
mentioned in some of the files provided, allowing for a rough comparison of break history to the 
probability of failure analysis. In some instances where it was unclear whether the break was in a 
service connection or main, estimated types were inferred from photos and break locations using best 
judgement.  

The break history was compared with a snapshot of the present AC watermain system. The probability 
of failure ratings shown in Figure 3-5 define the current probability of failure based on current age, 
pressure, and soil profile. This comparison was made to determine whether the rating system for 
probability of failure holds some validity in predicting watermain breaks. 
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From Figure 3-5, the distribution of 
breaks according to the current 
probability of failure for an AC watermain which 
experienced a break seems to show some 
correlations. It seems that while the majority of 
service main breaks occur in AC watermains of 
Rank 3 – Moderate probability of failure, the 
current probability of failure rating using age, 
pressure, and soil profile can accurately predict 
the break distribution of major AC mains. Given 
the small sample size and the relatively recent 
reporting window, no definitive conclusions may 
be drawn.  

4 Consequence of Failure 

In general, the consequence of failure of an asset does not vary significantly throughout its operational 
life notwithstanding the changes that result from development. Opus DK also recognizes the District’s 
investment in a preliminary consequence of failure rating scale developed through the 2011 AMP. 
Therefore, Opus DK transposed the watermain criticality data file from the 2011 AMP to the District’s 
updated watermain inventory data file to identify criticality data gaps. Gaps thus identified, which may 
result from expansion of the network and maintenance, were corrected in keeping with the 
methodology set forth in the 2011 AMP.  

Each operational AC watermain in the District’s inventory was assigned a score of 1 to 5 to represent 
the consequence of failure as per the following scale: 1-Minimal, 2-Moderate, 3-Significant, 4-Severe, 
and 5-Catastrophic. The criteria used to determine the consequence of failure of a watermain segment 
is depicted in the table below, recreated from the 2011 AMP. 

Table 4-1 Asset Consequence Rating Scale 

 

Source: 2011 Public Works Asset Management Plan 

  

0

5

10

15

20

25

30

35

40

3 4

# 
of

 B
re

ak
s b

y 
Br

ea
k 

Ty
pe

Probability of Failure - Ranking Distribution

Service
(estimated)
Service

Main (estimated)

Figure 3-5 AC Main Break Distribution  
by Current Probability of Failure 



 District of Squamish – AC Watermain Renewal Planning 7 
 

 

It should be noted that in some instances, the consequence of failure for water utility assets could 
change, due to factors such as population increases and land use development. As a result of this, the 
District may choose to refine its criteria for rating consequence of failure to a more detailed approach. 
Although the 2011 AMP is a sufficient basis for ranking consequence of failure for the purposes of this 
report, additional factors – such as break flow as influenced by pipe diameter and pressure, secondary 
damage from pipe breaks on steep slopes, and surrounding land use and piping alignment, as found in 
the Water System Asset Management 5-Year Capital Plan (2012) – would serve to improve the overall 
rating. 

5  Risk Analysis 

Risk in the context of reinvestment planning is a measure of the consequence of the asset’s failure 
combined with its probability of failure. For each AC watermain, the scores for probability and 
consequence of failure were multiplied to generate the risk score (identified as the criticality score in the 
AMP). The risk scores range from “Low” to “High” between five levels with each level triggering a unique 
response action. Figure 5-1 presents the risk 
score attributed to each AC watermain in a map 
of the District of Squamish. 

The local risk tolerance and the threshold level 
which drives asset failure response and 
mitigation measures has been developed from 
the 2011 AMP.  If required, Opus DK would work 
with the District to revise the risk tolerance and 
threshold levels.  

The risk score attributed through this analysis to each AC watermain segment currently in use in the 
District’s water network are summarized in Table 5-2 and Table 5-3. They depict the distribution of 
risk in the AC watermain inventory in conformance with the risk matrix developed for the 2011 AMP. 
The percentages in the table are based on the total length of operational AC watermains, not the total 
length of the District’s water network. The assigned risk ratings are indicative of the risk attributed to 
each of the AC watermains as they reach their expected service life of 50 years.  

Table 5-2 AC Watermain Risk Distribution Matrix 

  
Probability 

1 2 3 4 5 

Co
ns

eq
ue

nc
e 1 0% 0% 0% 1% 0% 

2 0% 0% 4% 34% 1% 
3 0% 0% 10% 44% 0% 
4 0% 0% 1% 5% 0% 
5 0% 0% 0% 0% 0% 

In summary, the analysis categorized the AC watermain network according to Table 5-3 below, which 
also indicates the required remedial action at the end of their expected service life of 50 years. 

 

Source: 2011 Public Works Asset Management Plan 

  
Table 5-1 Risk Matrix 
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Table 5-3 Risk & Action Required Summary 
Criticality Distribution Risk Action 

<3 0% Very Low None, failure not expected 

4-8 39% Low Schedule for replacement within 10 years 
after anticipated end of service life 

9-15 56% Medium Schedule for replacement within 5 years 
after anticipated end of service life 

16-20 5% High Immediate planned replacement 
25 0% Very High Emergency replacement 

 
Note that the required remedial actions have been adjusted from those devised in the 2011 AMP (as 
seen in Table 5-1). This was due to the fact that a significant portion of the AC watermains are 
classified as either Low Risk (39%) or Medium Risk (56%). Under the 2011 AMP, Low Risk assets 
would be run to failure, or replaced as funds become available, and Medium Risk assets would be 
scheduled for replacement in 5 to 10 years. To avoid uncertainty and the high costs associated with 
break repair, Low Risk assets were scheduled for replacement within 10 years past their estimated end 
of service life, and Medium Risk asset replacements were scheduled for replacement within 5 years 
past their estimated end of service life.  
 
The high percentage of AC watermains classified as Low and Medium Risk would allow the District to 
defer replacement of a large number of watermains, allowing for significant cost savings in the short 
term. However, deferrals will have to be considered against the results of the AC watermain test 
program, which will inform the best practice for extending service life or deferring replacement of AC 
Mains in the District of Squamish. In addition, system upgrade requirements as identified in the Water 
Master Plan will have to be considered in the short term. This also prevents a substantial backlog of 
capital projects from occurring in the late stages of AC watermain renewal planning.  
 
The low quantity of High Risk replacements is due to the fact that only 6% of AC watermains are 
ranked with a consequence of failure of 4 – Severe, or above, using the 2011 AMP method of 
determining consequence. High Risk replacements have been scheduled for immediate replacement at 
the end of estimated service life, and these costs are reflected in the Preliminary AC Watermain 
Renewal Plan.  

6 Preliminary AC Watermain Renewal Plan 

For the purposes of developing an AC watermain renewal plan which the District may use to prioritize 
its AC watermain repairs, a risk assessment of the AC watermains was conducted on an 
annual basis from 2015-2031 at the anticipated end of service life of each watermain. The 
age of each AC watermain was projected forward to 50 years and their criticality was defined using the 
other two parameters as well as age. This allows for proper identification of an AC watermain’s 
probability of failure at the end of its service life when it is scheduled for replacement.  

On the basis of the desktop risk analysis developed from the refined probability of failure analysis 
specific to the AC subset of the watermain inventory, the preliminary AC watermain renewal plan was 
developed, as illustrated in Figure 6-1 below. Unit costs for pipe replacements were based on Opus 



 District of Squamish – AC Watermain Renewal Planning 9 
 

 

DK’s review of tender prices for watermain replacements in the District of Squamish over the last 3 
years, for 200, 250, and 350 mm pipe diameter projects. These costs include restoration costs. Unit 
costs were extrapolated for other diameter sizes to create a table of unit costs for all required AC 
watermain replacement projects, as shown in Table 6-1. These unit cost estimates include a 30% 
allowance for engineering and contingency. 

Table 6-1 Pipe Replacement Unit Cost 
Pipe Unit Cost 

Diameter 
(mm) 

Unit Cost 
($/m) 

Diameter 
(mm) 

Unit Cost 
($/m) 

150 $650 400 $1,235 
200 $715 450 $1,430 
250 $845 500 $1,625 
300 $975 525 $1,625 
350 $1,105 - - 

 

 The estimated total reinvestments in the inventory over three time periods of the plan, from 2015 to 
2031, are illustrated in Figure 6-1 and summarized in Table 6-2. Note that all costs are in 2014 dollars. 

Figure 6-1 Preliminary AC Watermain Renewal Plan 
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Table 6-2 Annual Reinvestments Required (2014 dollars) 

Replacement 
Period 

Total Cost (unadjusted) over period 

Risk 
Rating 1 

Risk Rating 
2 

Risk Rating 
3 

Risk Rating 
4 

Risk 
Rating 

5 

Average 
Annual Cost 
over Period 

Grand Total 

2015-2019 $0 $3,397,728 $5,685,472 $735,906 $0 $1,963,821 $9,819,106 
2020-2024 $0 $4,421,553 $9,639,288 $1,255,366 $0 $3,063,241 $15,316,207 
2025-2031 $0 $5,258,188 $4,609,244 $157,810 $0 $1,432,177 $10,025,242 

  $35,160,555 
 
According to this plan, it is forecasted that from 2015 to 2031, the District will have to invest a grand 
total of over $35.2 million to meet renewal requirements as dictated by the risk matrix. Only just over 
$2.2 million of this total is to specifically address High and Very High Risk AC watermains. In order to 
meet realistic funding limitations and to balance the workload associated with AC watermain renewal 
with other District initiatives,  Opus DK proposes an alternative renewal plan to defer Low Risk and 
Medium Risk projects according to the remedial action response modified from the 2011 AMP (see 
Table 5-3). By deferring Very Low and Low Risk AC watermain renewals by 10 years, and Medium 
Risk AC watermain renewals by 5 years, average annual renewal costs reduce to as illustrated in Figure 
6-2 and detailed in Table 6-3. The alternative renewal plan will need to be substantiated by the 
condition assessment results from the AC watermain test program.  

Figure 6-2 Preliminary AC Watermain Renewal Plan (Deferral Alternative) 
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Table 6-3 Annual Reinvestments Required (Deferral Alternative – 2014 dollars) 

Replacement 
Period 

Total Cost (unadjusted) over period 
Risk 

Rating 
1 

Risk  
Rating 2 

Risk  
Rating 3 

Risk Rating 
4 

Risk 
Rating 

5 

Average 
Annual Cost 
over Period 

Grand Total 

2015-2019 $0 $0 $0 $735,906 $0 $147,181 $735,906 
2020-2024 $0 $0 $5,685,472 $1,255,366 $0 $1,388,168 $6,940,838 
2025-2031 $0 $3,410,235 $11,303,353.53  $157,810 $0 $2,124,486 $14,871,399 

  $22,548,143 

The total cost of projects deferred past the 2031 planning horizon is $12,612,412. At their limit, low 
priority watermain replacements have been delayed for 10 years to the year 2041. This illustrates an 
anticipated funding requirement of an additional $1.3 million annually from 2031 to 2041. However, 
by 2031 the water rates will have increased to sufficiently address further costs of the programs.  

Though the alternative renewal plan is now heavy on the back end, short term system improvements 
identified in the Water Master Plan review have been found to overlap with forecasted AC watermain 
renewals. As the District pursues the capital upgrades identified in the Water Master Plan review, a 
number of AC watermain renewals will be front-ended into the short term. The AC Watermain 
Renewal Plan should therefore be regarded as a living document, and as such, adjustments should be 
made on a regular basis to reflect the works done within the District.  
 

7 Next Steps 
The next critical stage in the renewal planning program is for the District to perform field 
investigations of existing High Risk AC watermains to customize the life expectancy calculation 
methodology to the District context. The preliminary renewal program is largely based on theoretical 
assumptions. The total replacement value of the AC watermains warrants expenditure on the further 
refinement of the deterioration model via in-situ observations and testing of higher risk system 
segments.   

The next step of the program is to carry out a strategic sampling program over the next 3 years (4-5 
opportunistic and strategic tests per year). The results of the AC testing program will be entered into 
the Lifetime Prediction Model by Opus to compare the results to our national New Zealand database, 
with appropriate conversions for North American standards. 

Refinement of the preliminary renewal plan provided in this report will be completed upon condition 
testing of AC watermains. Opus DK will then prepare an optimized AC watermain renewal plan for the 
2015-2031 planning horizon, to be incorporated into the Water Master Plan. This renewal plan can be 
further refined as ongoing testing and accumulation of break history records offer insight into AC 
watermain pipe conditions and deterioration patterns.  
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8 Conclusion 
This report presents Opus DK’s desktop risk analysis developed from a refined probability of failure 
analysis specific to the AC watermain inventory. A preliminary AC watermain renewal plan has been 
developed for the 2015-2031 planning horizon (in 2014 dollars). 

The purpose of the preliminary plan is to provide an estimate of the annual reinvestment required for 
the timely replacement of AC watermains in the 2015-2031 planning horizon.  

The AC watermains have been prioritized by a risk rating which will allow for capital expenditures to 
be earmarked to high risk assets in the District’s system. Currently, the majority of AC watermains are 
classified as Low to Medium Risk at the end of their expected service lives. 5% of AC Watermains are 
ranked as High Risk, and have been prioritized for immediate replacement. An analysis of recent break 
history has shown the refined probability of failure rating method can reasonably predict the locations 
of AC watermain breaks on AC service mains but not service connections.  

As detailed in the District’s Water Master Plan, the capital projects schedule includes a number of AC 
watermains to be replaced in consideration of short term system upgrade requirements to address fire 
flow deficiency issues. As the District pursues these capital upgrades, a number of AC watermain 
renewals will be front-ended into the short term. The AC Watermain Renewal Plan should therefore be 
regarded as a living document, and as such, adjustments should be made on a regular basis to reflect 
the works done within the District. The preliminary results of this renewal plan are being used in the 
financial analysis portion of the District’s Water Master Plan.  
 
The results of this report will guide the next stage of the AC watermain renewal program, which is the 
condition testing program of High Risk AC watermains. The preliminary AC Watermain Renewal Plan 
may be updated to include refined results in a revised AC watermain renewal schedule following 
condition testing by the District.   
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