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CITY OF REVELSTOKE
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ABBREVIATIONS AND DEFINITIONS
ABBREVIATIONS
City
DI
ha
HGL
km
km2
L/s
L/c/d
m/s
m3
ML
ML/d
mm
PRV
psi
RMR
TCH
TWL
WTP

City of Revelstoke
Ductile iron
Hectares
Hydraulic Grade Line
Lilometers
Square kilometres
Litres per second
Litres per capita per day
Meters per second
Cubic meters
Million Liters
Million Liters per day
Millimetre
Pressure reducing valve
Pounds per square inch
Revelstoke Mountain Resort
Trans Canada Highway
Top water level
Water treatment plant

DEFINITIONS
Peak Day

The day of highest water consumption/demand in a year

Peak Week

The week of highest water consumption/demand in a year

Peak Month

The month of highest water consumption/demand in a year

Average Day
Demand
The average water consumption/demand in a year estimated by total water
consumption divided by 365 days
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CITY OF REVELSTOKE
WATER CONSERVATION STUDY
1.0

INTRODUCTION

Water conservation is increasingly important to ensure the future reliability of water supplies by
reducing water demand for a municipality. This includes activities to improve efficiency in use,
reduce loss and waste of water, and improve land management practices to conserve water.
However, putting water use efficiency on an equal footing with other water supply options
requires quantifying the beneficial costs of conservation methods. The goal is to identify and
develop methods that could permanently reduce the demand in the municipal water supply
system in a cost effective manner. This also allows the municipality to explore potential savings
associated with targeted reductions in water demand.

Reducing water demand will also decrease the quantity of wastewater generated. By decreasing
the volume of wastewater, infrastructure and operating costs for wastewater collection and
treatment may be reduced. Water conservation can also reduce the discharge of treated
wastewater to the receiving environment.

This report contains the 2007 Water Conservation Study for the City of Revelstoke. In June 1998,
Dayton & Knight Ltd. conducted a water use efficiency study for the City. A number of
recommendations on water conservation were made in the 1998 report for the City’s consideration.
The purpose of this report is to review the water use efficiency strategies recommended in the 1998
report, to review the effectiveness of implemented measures, and to evaluate new strategies for the
City. The City’s water demand pattern was updated and various options to achieve water
conservation were identified. A cost estimate was prepared for implementing the water
conservation measures, and the effect of implementing the conservation measures on water volume
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reduction was evaluated. The report concludes with a recommended implementation plan for
water conservation measures and their prioritization.

The City has implemented local water conservation initiatives to reduce consumption, including
a public awareness program. These initiatives are discussed in detail in Section 5 of this report.
Additional measures are recommended to better manage water use (Section 6).

1.1

Conduct of Study

Dayton & Knight Ltd. was retained by the City of Revelstoke on November 10th, 2006 to
prepare an updated water conservation study. The terms of reference for this study are
provided in Appendix A.

The information provided by the City for review in this study included a description of
the City’s existing water system, historical water demand, capital and operating budget,
and existing water conservation and measures.

The following documents were reviewed in preparation of this study report:

1. American Water Works Association, Residential End Uses of Water, 1999.
2. Water Conservation Programs – A Planning Manual, First Edition, American Water
Works Association, 2006.
3. BC Regional District and Municipal Population Estimates, 1996-2006, BC Stats.
4. British Columbia Municipal and Regional District 2001 Census Results, BC Stats.
5. Environment Canada, Water Use Survey Statistics from 1999, Municipal Water Use
Database 2001 (MWU 2001).
6. City of Revelstoke, Report on Water Use Efficiency, Dayton & Knight Ltd., June
1998.
7. City of Revelstoke City Long Term Water Supply 2006 Impact of Population Growth
on Water Supply, Dayton & Knight Ltd., 2006.
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8. City of Revelstoke Water Model Calibration Completion Report, Dayton & Knight
Ltd., October 2006.
9. Water Use Efficiency and Conservation in the Kootenay Region of the Canadian
Columbia River Basin, Canadian Columbia River Intertribal Fisheries Commission,
April 2005.
10. Revelstoke Community Environmental Strategy, Future Legacy Consulting Group,
June 2003.
11. City of Revelstoke, Official Community Plan, Bylaw No. 1519.
12. City of Revelstoke, Water Regulations Bylaw No. 1643-2000, (Appendix B)
13. City of Revelstoke, Zoning Bylaw No. 1264, 1984
14. City of Revelstoke, Sewer Regulations Bylaw No. 1683-2002
15. City of the Revelstoke, Water Works, July 1997 to Fall 2006.

1.2
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CITY OF REVELSTOKE
WATER CONSERVATION STUDY
2.0

WATER SYSTEM

2.1

Existing Water System

2.1.1

Description of System

The City of Revelstoke is supplied by two community water systems, the Greeley Creek
System and the Big Eddy System; these are illustrated on Figure 2-1. The major part of
the City is supplied by the water that comes from the Greeley Creek watershed, located
east of Revelstoke behind Mt. Mackenzie. Mt. Mackenzie receives one of the highest
snowfalls in North America. The watershed covers almost 50 sq. km. Snowmelt collects
in Greeley Creek then flows toward the Illecillewaet River.

At the Greeley Creek Water Treatment Plant (WTP) two settling ponds are used to settle
out larger suspended particles from the raw water. From the settling ponds, water enters
the continuous membrane-filtration process to remove pathogens and bacteria. Chlorine
is added for disinfection and to maintain chlorine residual of 0.5 mg/L in the distribution
system. From the Greeley Creek WTP, water enters one of the two pathways into the
City. One is through the Trans Canada Highway (TCH) Reservoir, while the other is
through the pressure-reducing valve that diverts water to the Arrow Heights Reservoir.
The TCH Reservoir is located north of the City on Highway 1.

The second community water system in Revelstoke is operated by the Big Eddy
Waterworks District. The source for this supply system is Dolan Creek and a number of
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wells. The water is not treated and therefore the Big Eddy is under a permanent Boil
Water Advisory.

The City of Revelstoke water supply system is supplemented by two wells. Well #1 is
located on the south bank of the Columbia River at the City Golf Course. Well #1 has an
existing capacity of 70 L/s, and is scheduled for connection into the City’s water
distribution system in 2006-2007. Well #2 is located on the south bank of the
Illecillewaet River near the Pressure Reducing Chamber at the Illecillewaet River
crossing. Well #2 has a capacity of 37 L/s; it is not currently connected to the system
because of water quality issues.

The City of Revelstoke water/wastewater flow schematic is presented in Figure 2-1 and
the hydraulic schematic of the City’s water system is presented in Figure 2-2. This study
focuses on the Greeley Creek water supply system, since it supplies water to the majority
of the City’s population. Moreover, it is planned that water to the Big Eddy will be
supplied from Greeley in future.
The City water system consists of the following components:

I)

Sources
a. Greeley Creek Watershed
b. Golf Course Well #1

II)

Treatment
a. Greeley Creek Water Treatment Plant (settling ponds, membrane filtration and
chlorination)

III)

Pump Stations
a. Zone 2 Booster Station
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IV)

Flow Meters
a. TCH Reservoir (2 Flow Meters)
b. Arrow Heights Reservoir (1 Flow Meter)
c. Illecillewaet River PRV Station (1 Flow Meter)

V)

Pressure Reducing Valve (PRV) Station
a. Illecillawaet River PRV Station (Zone 1)
b. Birch PRV Station (Zone 2)

VI)

Reservoirs
a. Trans Canada Highway (TCH) Reservoir (3,780 m3)
b. Arrow Heights Reservoir (2,270 m3)
c. Greeley Creek WTP Clearwell (910 m3)

VII)

Distribution System
Water is supplied to the City from the Greeley Creek WTP through 10.5 km of
gravity transmission mains. Water to the rest of the City is distributed through
approximately 80 km of watermain. The material of the watermain includes
asbestos cement, ductile iron, PVC and cast iron. Pipe lengths and diameters are
summarized in Table 2-1. The age and material of the pipes are summarized in
Appendix E. There are 289 fire hydrants in the City of Revelstoke.
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TABLE 2-1
SUMMARY OF WATER DISTRIBUTION PIPING
Diameter (mm)
Length (m)
50
184
100
4,579
150
39,076
200
8,606
250
7,940
300
7,534
350
2,901
400
7,000
450
2,475
500
120
TOTAL
80,414
Based on a discussion with the City, there are approximately 2,916 residential service
connections and 298 industrial, commercial and institutional (ICI) connections on the
system at present. The existing number of connections is compared with the number of
connections noted in the 1998 D&K report is Table 2-2. A breakdown of the current ICI
users is provided in Appendix E.

TABLE 2-2
SUMMARY OF SERVICE CONNECTIONS
Number of
Number of
Land Use
Connections
Connections
(1998) a,b
(2007) b
ICI

2.1.2

281

298

Residential

2,561

2,916

Total

2,842

3,214

a

Revelstoke, Water Use Efficiency Study, D&K 1998

b

not including the Big Eddy area

System Leakage

The City’s water distribution system includes of hundreds of meters of pipe, individual
service connections and appurtenances such as reservoirs, fire hydrants, and isolation
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valves. Since the entire system is under pressure, leakage is inevitable. The most
accurate way to gauge overall system leakage is universal metering of all service
connections. In the absence of universal metering, an estimate of overall system leakage
can be made by reviewing the flow from reservoirs into the system between midnight and
4:00 a.m. (reservoir drawdown test) during periods of the year when there is minimal
outdoor water use. To date, there has been no drawdown test undertaken for the City of
Revelstoke.

In the 1998 water use efficiency study, leakage was assumed to be 15% to 30%. A
Watermain Leakage Survey undertaken by Heath Consultants in 1997 found that the
minimum night flow during the period April to July 1997 was 10 L/s to 20 L/s, which
was below the expected allowable volume for this system. Night time consumption was
about 9% to 16% of daily consumption. The results indicated that there was little leakage
and little unaccounted for water use. The report suggested repairing leaky hydrants; this
work has been completed. For the purposes of this study, 15% of the total annual water
demand was considered to be a reasonable initial assessment of the system leakage.

The computer program SANFLOW (South African Night Flow Analysis Model Version
1.6) is supported by the Water Research Commission (WRC). The SANFLOW model
was developed on the “Burst and Background Estimate” (BABE) techniques as applied in
the water sector of the United Kingdom. The BABE philosophy is currently used in
many parts of the world, where it is widely recognized as a simple approach to the very
complex and often confusing problem of managing leakage from potable water
distribution systems. The SANFLOW model can be used to provide a target for the
background losses in a system based on a number of variables. It can also aid water
suppliers in analyzing the leakage in a metered area from the recorded minimum night
flows.

For the City’s system, leakage cannot be analyzed since the system is not metered.
However, the SANFLOW model was used to assess the leakage in an equivalent newlyinstalled water system (all model variables set at the minimum), and for a system in
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average condition (i.e. the model variables were set halfway between the maximum and
minimum for each parameter). Average night zone pressures of 46 m (65 psi) and 91m
(130 psi) were used. The results are summarized in Tables 2-3 and 2-4.

As shown in Table 2-3, the total system leakage based on a night zone pressure of 46m
(65 psi) for a new system equivalent to the City system would be about 5.7 m3/hr, or
50,000 m3/yr; this represents about 2% of the total annual use (2,415,547 m3/yr). The
estimated leakage based on a night zone pressure of 46 m (65 psi) for a system in average
condition would be about 14.1 m3/hr, or 123,500 m3/yr, which represents about 5% of the
total annual use.

As shown in Table 2-4, the total system leakage based on a night zone pressure of 91 m
(130 psi) for a new system equivalent to the City system would be about 15.8 m3/hr, or
138,400 m3/yr; this represents about 5.7% of the total annual use. The estimated leakage
for a system in average condition based on this pressure would be about 39.5 m3/hr, or
356,000 m3/yr, which represents about 14% of the total annual use.

TABLE 2-3
SANFLOW REPORT SUMMARY – AVERAGE NIGHT ZONE PRESSURE 46 m
Estimated Background
Mains
Average
Losses (m3/hr)
Zone
Length
Connections Population Night Zone
Average
(km)
Pressure (m) New System
System
1
76.8
3,070
6,780
46
5.4
13.5
2
3.6
144
325
46
0.3
0.6
TOTAL
5.7
14.1
TABLE 2-4
SANFLOW REPORT SUMMARY – AVERAGE NIGHT ZONE PRESSURE 91 m
Estimated Background
Mains
Average
Losses (m3/hr)
Zone
Length
Connections Population Night Zone
Average
(km)
Pressure (m) New System
System
1
76.8
3,070
6,780
91
15.1
37.7
2
3.6
144
325
91
0.7
1.8
TOTAL
15.8
39.5
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If zone metering is implemented, the City can use the following formula to calculate
measured system leakage as a percentage of known water demands:

Leakage =

actual losses
(known demand − actual losses )

The measured leakage can then be compared to the values shown in Tables 2-7 and 2-8 to
assess the condition of the system and to target leakage detection and repair of problem
areas.

The American Waterworks Association/International Water Association (AWWA/IWA)
promotes use of an Infrastructure Leakage Index (ILI) to set general guidelines for target
levels of leakage within a system. The ILI is defined as the dimensionless ratio of current
annual real losses over the unavoidable annual real losses, giving a measurement of
leakage relative to the best level currently obtainable with today’s technology for that
system. The ILI serves as a general benchmarking indicator, useful for comparisons
among water suppliers. General guidelines for setting a target level ILI in lieu of having
a determination of the system-specific level of leakage is shown in Table 2-5. The range
of ILI in international systems has been observed to be from 1.0 to well over 10.0. Well
managed systems in a very good condition would be expected to have an ILI close to 1.0.
Higher values of ILI will be typically found for older systems with infrastructure
deficiencies and/or no active leak detection program. Based on Table 2-5, it appears that
the target ILI ratio for the City should be in the 3 to 5 range based on the water resources,
operational and financial considerations.
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TABLE 2-5
INFRASTRUCTURE LEAKAGE INDEX GUIDELINES
(RATIO OF ACTUAL; TO UNAVOIDABLE LEVELS OF LEAKAGE)
Target ILI
Range
1.0 – 3.0

Water Resources
Considerations
Available resources are
greatly limited and are very
difficult and/or
environmentally unsound to
develop

Operational Considerations

Financial Considerations

Operating with system
Water resources are costly to
leakage above this level
develop or purchase; ability
would require expansion of
to increase revenues via
existing infrastructure and/or water rates is greatly limited
additional water resources to because of regulation or low
meet the demand.
ratepayer affordability.
3.0 – 5.0
Water resources are believed Existing water supply
Water resources can be
to be sufficient to meet long- infrastructure capability is
developed or purchased at
term needs, but demand
sufficient to meet long-term
reasonable expense; periodic
management interventions
demand as long as
water rate increases can be
(leakage management, water reasonable leakage
feasibly imposed and are
conservation) are included in management controls are in
tolerated by the customer
the long-term planning.
place.
population.
5.0 – 8.0
Water resources are plentiful, Superior reliability, capacity
Cost to purchase or
reliable, and easily extracted. and integrity of the water
obtain/treat water is low, as
supply infrastructure make it are rates charged to
relatively immune to supply
customers.
shortages.
Greater than 8.0 Although operational and financial considerations may allow a long-term ILI greater than 8.0,
such a level of leakage is not an effective utilization of water as a resource. Setting a target
level greater than 8.0 – 0ther than as an incremental goal to a smaller long-term target – is
discouraged.
* source Journal AWWA, August 2002

2.2

Future Water System

The City engaged Dayton & Knight in May 2006 to review the impact of population
growth on their water supply. The City is experiencing development pressures,
especially Revelstoke Mountain Resort (RMR), that will increase the population beyond
the current OCP population growth projections. Recommendations were given in the
May 2006 study for water supply improvements to address the population growth.

The recommended future upgrades to the water supply system with the RMR
development included in the service area are summarized below.
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•

By 2015
o Expand Greeley Creek WTP
o New pipe and bridge crossing to service Big Eddy
o Twinning the supply main from Greeley Creek WTP
o Develop Well #2 to increase supply capacity and install Well #2 supply main
(depends on water quality)
o Develop Test Well #3
o New reservoirs to provide fireflow storage
o Upgrade pumps to supply RMR and Arrow Heights

•

By 2030
o Upgrade RMR supply main
o Develop Well #3 to increase supply capacity and install new Well #3 supply main
o New Illecillawaet River Crossing to increase the supply capacity to Arrow
Heights / RMR
o Upgrade Golf Course Well (#1) supply main and develop wells in the same well
field

•

By Buildout
o Upgrade Golf Course Well (#1) Supply main
o Upgrade supply main close to KOA
o Develop more wells in the Well #3 well field
o New reservoirs to provide fire flow storage

The components of the above recommended upgrades that could potentially be deferred
by water conservation are identified as follows:
•

Twinning the main supply from Greeley Creek WTP;

•

Expand Greeley Creek WTP;

•

Develop Well #3 and supply main; and

•

Upgrade Golf Course Well (#1) and supply main
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The financial benefits that can potentially be realized by deferring capital water projects
through water conservation are evaluated in Section 5 of this report.

2.3

Population

The historical population of Revelstoke and the water system service population are
summarized in Table 2-6. The total population of Revelstoke is based on BC Stat growth
rates. To estimate future population, a growth rate of 3% was used for the City’s service
population. Table 2-6 also shows the possible population increase with the development
of Revelstoke Mountain Resort in the near future, which would be supplied from the
Greeley Creek Water Supply.

Year
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2010
2015
2020
2025
2030
2035
Build-out
a
b
c

TABLE 2-6
HISTORICAL AND PROJECTED POPULATION
HISTORICAL
HISTORICAL AND FUTURE
Estimated Population
Service Populationb
Service Population
(BC Stats)a
(City Only)
(City and RMR)
8,286
7,350
8,123
7,305
7,985
7,261
7,888
7,217
7,827
7,173
7,913
7,129
7,888
7,086
7,932
7,043
7,964
7,000
7,000
8,029
7,210
7,425
8,115
9,398
9,406
12,731
10,905
16,800
12,642
19,019
14,655
21,581
16,990
24,002
19,700
26,712

B.C. Regional District and Municipal Population Estimates, 1996 – 2006 – Prepared by B.C. Stats.
Service Population estimate is based on D&K 1998 and 2006 studies.
Service Population for the City and the Revelstoke Mountain Resort (RMR)
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2.4

Historical Water Demand

2.4.1

Seasonal Demand

Flow records from 2002 to 2005 were provided by the City. The flowmeter is located at
the Greeley Creek Water Treatment Plant and the flow records are therefore
representative of the City’s entire demand. Table 2-7 summarizes the City’s total annual
water use (filtrate from the WTP) from 2002 to 2005. As shown in Table 2-7, the total
annual water demand has slightly increased from 2,330,735 m3 in 2002 to 2,415,547 m3
in 2005.

TABLE 2-7
HISTORICAL WATER CONSUMPTION
Year

Annual Demand (m3)

Average Day Demand (m3/d)

1998
2001*
2002
2003
2004
2005

2,263,000
1,941,231
2,330,735
2,471,174
2,286,063
2,415,547

6,200
6,344
6,386
6,770
6,246
6,618

* report D&K 1998

The flow profile based on daily data for the period March 2001 to October 2006 is shown
on Figure 2-3. The water demand profile is relatively constant over the years. For the
purpose of this analysis, system leakage was assumed to be 15% of the annual demand.
The average annual indoor demand corresponds to the minimum month water demand
during winter. There was a significant increase in the water consumption in summer
2003; this is believed to be due to the warm and dry summer (Figure 2-3).
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Revelstoke, Daily Water Demand Profile (2001 to 2006)
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Figure 2-3 – Daily/Weekly Water Demand Profile 2000 to 2005
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Figure 2-4 and Tables E-3 and E-4 in Appendix E illustrate that average monthly water
demand profile from March 2001 to September 2006. As shown, the minimum demand
occurred in November or December during those years.

The daily air temperature and precipitation profiles for the years of 2001 to 2005 are
presented in Appendix F. It is clear that the increase in water demand during the summer
months was, to a large extent, related to increases in the air temperature. As the air
temperature increased, the water demand increased and conversely as the air temperature
decreased, the water demand decreased. The water demand also decreased during
precipitation events.
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Revelstoke, Average Monthly Water Demands
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Figure 2-4 – City Of Revelstoke Total Monthly Consumption
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2.4.2

Peak Day Demand and Peak Month Demand

More information about the seasonal demand pattern for the City can be gained by
analyzing the peak day or peak month demand. The peak day demand, which is the
highest 24 hour water demand in a year, is important when sizing facilities, since the
capacity of the system must meet the peak day demand. The difficulty is that the system
is operating at much less than peak capacity for most of the year.

The peak day and peak month demands are compared to average daily demand in Table
2-8. A low peak factor shows that outdoor demand is relatively low or that the average
demand is high due to a high leakage rate. The peak day factor over the GVRD region
was between 1.4 and 1.7 over the last five years. Peak day factors in Revelstoke are in
the same range. Since 2003 was a dry year, peak demands were higher than in the other
years.

TABLE 2-8
PEAK DAY AND PEAK MONTH DEMAND
Year

Average Day
Peak Day
Annual
Demand (m3) Demand (m3/d) Demand (m3/d)

2,263,000
6,200
13,100
1998**
2001*
1,941,231
6,344
12,772
2002
2,330,735
6,386
11,549
2003
2,471,174
6,770
13,412
2004
2,286,063
6,246
10,277
2005
2,415,547
6,618
11,750
*Based on incomplete data, March to December 2001
**Water Use Efficiency Study, Dayton and Knight Ltd., 1998

2.5

Peak Day
Factor
2.1
2.0
1.8
2.0
1.6
1.8

Peak Month
Demand (m3/d)

Peak Month
Factor

-

8,312
8,541
10,626
7,814
9,504

1.3
1.3
1.6
1.3
1.4

Indoor and Outdoor Water Use

This section shows the water demand for indoor use, outdoor use, and system leakage for
the City. Figure 2-5 shows the distribution of the demand during summer and winter. In
winter there is no outdoor irrigation. The indoor use including leakage was assumed to
be the the minimum month demand in winter. Outdoor use was considered to be from
June to September. The outdoor use was estimated by the difference between the water
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use during June to September and the minimum water use in winter. It can be assumed
there will be an increase in water demand during the summer months, to a large extent,
related to increases in the air temperature.

Metered

Non-metered

Metered
Average Demand November to February

Average Demand June to September

Outdoor
Demand in
June to
September

Indoor
Demand
Non-metered

Leakage and
Non-metered
other Losses

Figure 2-5 Distribution of Indoor and Outdoor Water Use

2.5.1

Indoor Use

Indoor use refers to any water used in the home, business, or institution and includes
toilets, bathing and cooking. In a recent report entitled “Residential End Uses of Water”,
by the American Water Works Research Foundation (AWWARF), the breakdown of
indoor water use was 26 percent for toilet flushing, 17 percent for showering, 21 percent
for washing machine, 16 percent for faucets, and the remainder for baths, dishwashers
and toilet leakage. The typical distribution of indoor water use is illustrated on Figure 26 and is tabulated in Table 2-9.
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Indoor Water Usage (%)

Clothes
Washer
21%

Other
Domestic
2%

Domestic
Leakage
14%

Dishwasher
2%
Toilets
26%

Faucet
16%
Shower
17%

Baths
2%

Figure 2-6 – Distribution of Indoor Water Use

TABLE 2-9
INSIDE WATER USAGE IN A TYPICAL HOME
Percentage (%)
Water Usage (L/c/d)
Toilets
26
70
Domestic Leakage
14
36
Baths
2
5
Faucets
16
41
Dishwashers
2
4
Clothes Washers
21
57
Showers
17
44
Other Domestic
2
6
Total
100
263
Figure 2-4 in Section 2.4 shows the monthly water demand profile from 2001 to 2006.
The City’s minimal water demand in winter over the years of 2000 to 2005 ranged from
5,400 m3/d to 5,700 m3/d; this is a reflection of the indoor water use and any leakage
from the distribution system pipes and service connections. Using the AWWARF
findings, the City’s estimated daily water use by indoor devices is shown in Table 2-10.
As shown, the estimated residential indoor use in the City is 426 L/c/d, which is higher
than the average inside water use in a typical home according to AWWA (263 L/c/d).
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TABLE 2-10
ESTIMATED CITY DAILY INDOOR WATER USE BY INDOOR DEVICES
AWWARF
Residential
Breakdown of Indoor
m3/d*
L/c/d*
Water Uses (%)
Household Plumbing
13.7
413
59
Leakage (toilets, taps)
Toilets
26.7
805
115
Baths
1.7
51
7
Shower
16.8
507
72
Faucet
15.7
473
68
Dishwasher
1.4
42
6
Clothes Washer
21.7
654
93
Other Domestic
2.2
66
9
TOTAL
100
3,011
429
*

L/c/d, calculated with a population of 7,000 (years 2005), does not include ICI, agriculture or leakage

** For Residential Average Daily Indoor Demand refer to Appendix E, Table E-5.

2.5.2

Outdoor Use

The magnitude of outdoor use is very weather dependent and will vary from year to year.
The principal factors include hours of sunshine, amount of precipitation and air
temperature. Additional factors include institutional barriers such as sprinkling
restrictions and the level of enforcement of the restrictions.

During the summer months, water use increases primarily because of irrigation for lawns,
gardens and playing fields and possibly for ICI users as well. Irrigation in summer also
increases water demand for agricultural customers. The average outdoor use is estimated
from the summer months from June to September (see Section 2.5.4).

2.5.3

Bleeding

During January to March every year, homeowners typically leave taps running to prevent
freezing. This practice, which is called bleeding, was practiced at about 400 service
connections within the area bounded by Victoria Drive, 8th Street, Vernon Avenue and
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Mackenzie Avenue in 1996 and 1997. In 1998 about 5% of the total water consumption
was used in bleeding to prevent freezing. The City confirmed that since then some pipes
have been insulated to prevent freezing. However, bleeding is still a common practice in
Revelstoke, and the City advises homeowners to start bleeding when it gets cold, see
Appendix G.
2.5.4

Distribution by Indoor Demand, Outdoor Demand and Leakage

This section provides an estimate of the distribution of the total demand between indoor
use, system leakage and outdoor use. As described earlier, for the purpose of this
estimate, the total annual leakage was assumed to be 10% of the total annual demand.

Summer (June to September) is a critical period for the City. Table 2-11 illustrates the
percentage of the summer use that goes to indoor use, outdoor use and system leakage,
including residential and non-residential water use. Outdoor irrigation by residential users
and recreational customers (e.g. golf courses), agricultural users, and some industries
contribute to the increased summer demand.

TABLE 2-11
ESTIMATED DISTRIBUTION OF WATER USE
DURING SUMMER MONTHS (JUNE TO SEPTEMBER)
Year
Average Daily
Summer
Demand (m3/d)
2001
7,636
2002
7,910
2003
8,638
2004
7,219
2005
7,891
Average
7,859

Average Daily Indoor Demand

(m3/d)
4,427
4,525
4,434
4,440
4,676
4,500

% of total
summer
demand
58%
57%
51%
62%
59%
57%

Leakage *

(m3/d)
952
958
1,016
937
993
971

% of total
summer
demand
12%
12%
12%
13%
13%
12%

Outdoor Demand in Summer

(m3/d)
2,257
2,426
3,189
1,842
2,223
2,387

% of total
summer
demand
30%
31%
37%
26%
28%
30%

Average
Demand,
Whole Year
(m3/d)
6,344
6,386
6,770
6,246
6,618
6,473

* 15% of average annual demand

Table 2-12 shows the distribution of the average annual demand for indoor, outdoor use
and leakage for residential and non-residential users. Approximately 35% of the total
annual demand was assumed to be ICI use (MUD 2001, 37%). Residential indoor use
was estimated to be 75% of the average residential use. In 1997 the golf course used up
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to 750,000 L/d when irrigating. The golf course, however, is supplied by Well #1.
Downie Street sawmill used water for wetting the wood piles to prevent spontaneous
combustion.

TABLE 2-12
DISTRIBUTION BY INDOOR USE, OUTDOOR USE AND LEAKAGE;
RESIDENTIAL DEMAND
Residential
Residential
Residential
Residential
Residential
Indoor
Outdoor
without
without
Year
with Leakage,
Demand
Demand
Leakage,
Leakage,
Yearly (m3/y)
(m3/y)
(m3/y)
Yearly (m3/y)
Yearly (m3/d)
2001
1,082,649
236,040
1,318,689
1,551,399
3,613
2002
1,106,670
220,683
1,327,354
1,561,592
3,637
2003
1,084,286
323,047
1,407,333
1,655,686
3,856
2004
1,085,836
212,520
1,298,356
1,527,478
3,547
2005
1,143,432
232,222
1,375,654
1,618,417
3,769
Average
1,100,575
244,902
1,345,477
1,582,914
3,686
2.6

Unit Water Demand

Unit water demand is determined by dividing the total volume of water leaving the source
by the service area population. Average unit demand shows the average water used per
capita over the year. Peak day unit demand is the unit demand on the day with the
highest 24-hour demand during the year. The per capita demands for the City of
Revelstoke are presented in Table 2-13. As shown, unit demand was highest in the dry
and warm year 2003. The average peak day demand between 2001 and 2005 of 1,687
L/c/d was lower than in 1996 and 1997. The study from 1998 found that the peak day was
1890 L/c/d, and the water model in January 1997 recommended to increase the peak day
demand by 15% to 2120 L/c/d to account for the unmetered demand (bulk meters).
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TABLE 2-13
PER CAPITA DEMANDS
Year

Population*

2001
2002
2003
2004
2005
Average

7,173
7,129
7,086
7,043
7,000
7,086

Average Daily
Demand
m3/d
6,344
6,386
6,770
6,246
6,618
6,473

Peak Day
Demand
m3/d
12,772
11,549
13,412
10,277
11,750
11,952

Average Day
Demand
L/c/d
884
896
955
887
945
913

Peak Day
Demand
L/c/d
1,781
1,620
1,893
1,459
1,679
1,687

*Estimated service population, see Table 2-3

*

Actual population based on census –Stat. Canada.

Unit water demands vary throughout the Province depending on a number of parameters
such as age of infrastructure, climate, and industry and so on. A summary of the peak day
and average day water demands for a number of B.C. municipalities from 2000 through
to 2005 are summarized in Table 2-13; these values include both residential and ICI
water demand. As shown, the average per capita use of about 910 L/c/d in Revelstoke is
higher than in many other B.C. municipalities.
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TABLE 2-14
COMPARISON OF UNIT WATER DEMAND FOR DIFFERENT MUNICIPALITIES
INCLUDING ICI (L/c/d)
Municipality
a

Houston
b

Telkwa

Avg.

2000
Peak

Avg.

2001
Peak

Avg.

2002
Peak

Avg.

2003
Peak

Avg.

2004
Peak

Avg.

2005
Peak

650

1,230

665

1,124

715

1,515

685

483

767

493

1093

416

1054

335

1,330

640

1,265

665

1,295

a

391

N/A

612

1,138

665

973

1,345

a

c

458

951

502

908

Salmon Arm

d

641

1601

705

1729

g

447

742

443

714

454

706

469

784

470

840

462

709

548

1145

588

1227

639

1221

609

1100

645

1149

618

1110

595

766

587

838

574

933

585

992

593

949

561

813

Port Edward
Abbotsford
Mission

g
e

Burnaby

e

Coquitlam

e

New Westminster
Richmond

e

e

Delta

Surrey

e
e

497

502

457

525

481

753

503

1030

503

712

459

857

505

700

578

817

549

720

494

720

441

813

465

671

624

885

650

1010

639

933

630

990

631

948

617

874

737

1157

688

1335

730

1328

734

1515

743

1395

725

1266

462

749

446

761

465

764

485

953

485

817

482

801

562

778

568

829

630

1009

546

975

510

903

490

736

e

656

1156

624

1302

713

1013

767

1802

792

1523

651

1852

e,f

443

680

436

783

454

778

477

971

475

879

452

857

Port Moody

Pitt Meadows
Maple Ridge
e

616

800

600

769

639

862

632

901

619

844

605

830

499

960

558

975

497

1108

545

1169

454

1058

398

942

554

881

539

840

523

808

482

872

449

578

449

783

574

827

593

874

622

998

572

1049

579

851

540

993

481

610

469

640

484

611

463

690

467

705

463

610

Port Coquitlam

e

451

652

473

732

506

738

516

1025

511

919

468

635

e

569

782

561

857

585

895

581

970

585

922

561

877

Vancouver

e,f

West Vancouver

e

North Vancouver City

e

North Vancouver District
e

Langley City

GVRD System
a
b
c
d
e
f
g

District of Houston Water System Study, Dayton and Knight Ltd. (June 2006)
Village of Telkwa Water System Study, Dayton and Knight Ltd. (June 2006)
District of Port Edward Water Use Efficiency Study, Dayton & Knight Ltd. (2003)
District of Salmon Arm Water Use Efficiency Study, Dayton & Knight Ltd. (2002)
GVWD 2005 Water Consumption Statistics Report (February 2006)
although municipality has its own secondary supply source(s), total municipal population has been used to calculate per capita
consumption)
Abbotsford, Mission, 2006 Water Master Plan Update, Dayton and Knight Ltd. (September 2006)

In comparison with other British Columbia municipalities the City’s average annual day
unit water demands are moderate with the peak day being moderate to high.

2.7

Future Water Demand

The future population was estimated by Dayton & Knight (study 2006) for the City of
Revelstoke with and without the Revelstoke Mountain Resort (see Section 2.3). Future
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Water Demand without water conservation measures and without the Revelstoke
Mountain Resort (RMR) was extrapolated from the historical per capita demand of 900
L/c/d and the estimated population for the 2015, 2020, 2025, and build-out populations;
this is listed in Table 2-15 and shown on Figure 2-7 (this includes the ICI demand as well
as residential demand).

TABLE 2-15
PROJECTED WATER DEMAND WITHOUT WATER CONSERVATION,
BASED ON HISTORICAL CONSUMPTION, WITHOUT RMR
Annual Demand in m3/year
Population
Average Annual Demand
Average Outdoor Demand
Average Indoor Demand excluding leakage
Leakage (15% of annual water demand)
Residential*, Annual Demand excluding Leakage
Residential*, Outdoor Demand
Residential*, Indoor Demand
Indoor Use of new built homes (demand linear with population)

2005

2015

7,000
2,415,547
346,600
1,706,615
362,332

9,406
3,245,805
465,731
2,293,203
486,871

10,905
3,763,077
539,953
2,658,663
564,462

12,642
4,362,478
625,959
3,082,147
654,372

19,700
6,798,040
975,430
4,802,903
1,019,706

1,375,654
232,222
1,143,432

1,848,486
312,040
1,536,446

2,143,073
361,768
1,781,304

2,484,431
419,393
2,065,039
921,606

3,871,484
653,538
3,217,945

677,561

910,448

1,055,543

1,223,675

1,906,850

Non-residential*, Average Annual Demand

2020

2025

Build-out

* calculated as a percentage of annual demand

7,000,000

3

Water Demand (m /y)

8,000,000

Average Annual Demand

40,000

Indoor including Leakage
Leakage

35,000

Population

30,000

6,000,000

25,000

Outdoor

5,000,000

20,000

4,000,000

Indoor Demand

3,000,000

15,000

Population

9,000,000

10,000

2,000,000

5,000

1,000,000

Leakage 15%

20
0
20 1
03
20
0
20 5
0
20 7
0
20 9
11
20
1
20 3
1
20 5
1
20 7
19
20
2
20 1
23
20
2
20 5
2
20 7
29
20
3
20 1
3
20 3
3
20 5
3
20 7
3
20 9
4
20 1
4
20 3
4
20 5
4
20 7
49

0

0
Build-out

Figure 2-7 Projected Water Demand without RMR

Even without water conservation measures, future water demand for the Revelstoke
Mountain Resort was assumed to be 50% lower than the average historical demand.
Since the RMR was assumed to include largely condominium and hotel-style
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development without the need for bleeding in winter. Future demand was calculated with
about 450 L/c/d for the portion of water demand from the RMR. The future demands
(including ICI) without water conservation measures and including RMR are summarized
in Table 2-16 and on Figure 2-8.

TABLE 2-16
PROJECTED WATER DEMAND WITHOUT WATER CONSERVATION,
BASED ON HISTORICAL CONSUMPTION, WITH RMR
Annual Demand in m3/year
Population
Average Annual Demand
Average Outdoor Demand
Average Indoor Demand excluding leakage
Leakage (15% of annual water demand)
Residential*, Annual Demand excluding Leakage
Residential*, Outdoor Demand
Residential*, Indoor Demand
Indoor Use of new built homes (demand linear with population)
Non-residential*, Average Annual Demand

2005

2015

7,000
2,415,547
346,600
1,706,615
362,332

12,731
3,819,498
548,048
2,698,525
572,925

2020
16,800
4,780,195
685,896
3,377,270
717,029

2025
19,019
5,462,760
783,835
3,859,511
819,414

Build-out
26,712
8,007,884
1,149,027
5,657,674
1,201,183

1,375,654
232,222
1,143,432

2,175,204
367,192
1,808,012

2,722,321
459,550
2,262,771

3,111,042
525,170
2,585,872
981,637

4,560,490
769,848
3,790,641

677,561

1,071,369

1,340,845

1,532,304

2,246,211

* calculated as a percentage of annual demand

7,000,000

Average Annual Demand

40,000

Leakage

5,000,000

Population

35,000
30,000
Outdoor

25,000

4,000,000

20,000

Indoor Demand
3,000,000

15,000

2,000,000

10,000

1,000,000

5,000
Leakage 15%

0

0
Build-out

Figure 2-8 Projected Water Demand with RMR
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Population

6,000,000
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0
20 1
0
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0
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0
20 7
0
20 9
1
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1
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1
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1
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1
20 9
2
20 1
2
20 3
2
20 5
2
20 7
2
20 9
3
20 1
3
20 3
3
20 5
3
20 7
3
20 9
4
20 1
4
20 3
4
20 5
4
20 7
49

Water Demand (m3/y)

Indoor including Leakage

2.8

Water Utility Budget

In general, the operating costs of the utility can be divided into the following four areas:
•

variable operating and maintenance expenditures;

•

fixed operating and maintenance expenditures;

•

customer billing and administration expenditures; and

•

cost of reading meters.

Variable operating and maintenance expenditures are comprised of costs which depend
on the amount of water supplies through the system (including chemicals such as
chlorine), energy, and a portion of the labour and materials costs for the repair and
maintenance of the system. The category or fixed operating and maintenance
expenditures is comprised of costs which do not vary with the amount of water pumped
through the system, including equipment and materials needed for regularly scheduled
maintenance and a portion of the labour costs. Customer billing and metering costs are
also fixed costs which do not vary with the amount of water moved through the system,
but they will vary with the number of connections which are served by the system.

The City’s water operational expenditures, provided by the City of Revelstoke on January
10, 2007, are listed in Table 2-17. The capital expenditures were not available. The
revenue includes a flat rate for unmetered connections. Bylaw No. 1643-2000
established the rates for unmetered connections in the City of Revelstoke (Appendix B).
The private dwelling flat rate per month is $24.25, and the multi residential unit cost is
$19.40 per month.
Based on the City’s total water demand of 2,416,000 m3 in 2005, the unit cost of water
delivered to the consumer was estimated to be $0.58/m3; this includes fixed and variable
components. The variable unit cost of water production is estimated at $0.14/m3. The
capital expenditures are not included in these costs. By comparison, an average
household with 2.6 people (OCP Bylaw 1519) using the City’s average residential daily
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water demand of 600 L/c/d (not including ICI) would consume 570 m3 in a year. Based
on the total cost of water production of $0.58/m3, an average household with 2.6 people
would use about $330 worth of water each year. This compares to the annual revenue of
$291 (flat rate for private dwelling).
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TABLE 2-17
CITY OF REVELSTOKE – WATER UTILITY 2007 BUDGET
Expenditure $$
Administration
Administration charges
Travel & conventions
Postage
Newspaper advertising
Insurance claims
Materials & supplies
Reservoir
Wages - regular
Wages - overtime
Dirty pay/shift differential
Fringe benefits
Contracted services
Equipment rental - internal
Materials & supplies
Utilities
Water right licence
Connections
Wages - regular
Wages - overtime
Dirty pay/shift differential
Fringe benefits
Freight
Telephone
Contracted services
Equipment rental - internal
Materials & supplies
Transmission & distribution
Wages - regular
Fringe benefits
Insurance
Contracted services
Equipment rental - internal
Materials & supplies
Utilities
Greeley Creek
Wages - regular
Wages - overtime
Fringe benefits
Freight
Telephone
Insurance
Contracted services
Equipment rental - internal
Materials & supplies
Utilities
* Membrane replacement Cost
Debt & interest charges
Debenture interest
Debenture principal
Reserves for future expenditures
Equipment replacement
Water capital reserve
TOTAL

Fixed

Semi-variable

Variable

111,500
6,000
500
1,200
3,000
3,800
15,000
1,000
1,000
5,500
3,000
5,000
1,000
5,000

1,000
7,000
50,000

15,000
1,000
1,000
5,500
3,000
5,000
1,000
6,000
7,000

6,000
10,000
16,000

2,000
5,500
8,000
3,000

1,000
500
8,000
2,000
5,500
8,000
4,000

14,000
5,000
38,000
37,000
150,000

26,500
1,500
10,000
500
5,000
14,000
14,000
5,000
38,000
42,000
150,000

20,000
500
1,000

1,000
500
8,000

26,500
1,500
10,000
500
5,000
14,000

5,000

111,500
6,000
500
1,200
3,000
3,800

50,000
3,000
5,000
20,000
500
1,000
6,000
10,000
16,000

3,000
5,000

1,000

Total

276,548
128,086

276,548
128,086

25,000
355,459
1,067,093

25,000
355,459
1,402,593

20,200

315,300

Note: *Estimated Cost for replacement membrane in the WTP.
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2.9

Potential Cost Saving to Capital Program

Future expansion of the water system is planned, as described in Section 2.2. As noted in
Section 2.2, the projects in Table 2-18 could be deferred by water conservation. The
potential impact of deferring these projects through water conservation is evaluated in
Section 5 of this report.

TABLE 2-18
CITY OF REVELSTOKE, CAPITAL PROJECTS
THAT CAN BE DEFERRED BY WATER CONSERVATION
Capital Project
Year
Costs (2006)
Twin Greeley Creek Supply Pipe

2015

$11,340,000

Expand Greeley Creek Water Treatment Plant

2010

$1,800,000

Upgrade Golf Course Well (#1) Supply and Piping

2020

$1,202,850

Develop Well #3

2015

$1,147,500

Total Capital Projects

$15,493,500
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CITY OF REVELSTOKE
WATER CONSERVATION STUDY
3.0

WASTEWATER SYSTEM

The City of Revelstoke is serviced by a central wastewater treatment plant (WWTP). The
Revelstoke WWTP has two lagoons in series to provide secondary treatment for domestic
sewage. Lagoon Cell #1 uses EDI fine bubble aeration (upgraded from a coarse bubble aeration
system) and Lagoon Cell # 2 uses coarse bubble aeration system. Installation of fine-bubble
aeration in Lagoon Cell #2 will occur at a later time in 2007.

Chlorine is added to the lagoon effluent before discharge into the Illecillewaet River. Effluent
quality meets the permit requirements set by the B.C. Ministry of Environment.

Revelstoke's sewage collection system has roughly 50 km of sewer mains and seven lift stations
located around the City. The following areas are served by the system:
•

Central Revelstoke;

•

Columbia Park; and

•

portions of South Revelstoke, Northeast Revelstoke and the Highway Corridor.

The remainder of the City relies on on-site sewage disposal systems. Some difficulties for onsite sewage disposal system have been reported in some low-lying areas when groundwater
levels are elevated.

Dayton & Knight Ltd. is working with the City to develop an upgrade plan for the City’s WWTP
to accommodate the possible incoming flows from the Revelstoke Mountain Resort (RMR). It is
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estimated that the RMR flows will approximately double the existing influent quantity at buildout.

A reduction of water usage can potentially result in decreased sanitary sewer flows and a
corresponding reduction in wastewater treatment costs. This section reviews the affects of water
use efficiency on the City’s wastewater system. With water use efficiency there are
opportunities to reduce the use of water, principally from indoor use that ultimately flows to the
wastewater system. This impacts the hydraulic capacity of various wastewater treatment
processes, potentially extending their life expectancy. Outdoor use does not normally affect
wastewater volume.

3.1

Design of Wastewater Systems

Service connections, both on private and public property, are installed to serve the
anticipated maximum instantaneous flow and are usually paid for by the customer.

Local sewers are installed to meet the ultimate requirement of the area when fully
developed. Their design is based on maximum hour flows. They are typically paid for by
the developer of the area, or charged as a local improvement by some municipalities.

Trunk sewers are designed and installed to meet the ultimate flow from a catchment area,
including future development. The total cost of a trunk sewer is divided between the
several tributary areas within the total catchment area.

Pumping stations are designed to handle the maximum anticipated flow from the tributary
area, although all the pumps may not be initially installed.

Wastewater treatment plants are designed based on both hydraulic load (flow rate) and
organic mass load. Unit processes where design is normally governed by organic load
include secondary (biological) treatment reactors, and solids handling and treatment
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processes. Unit processes where design is normally governed by flow rate include influent
screens, girt removal, primary and secondary settling tanks and disinfection.

Effluent disposal, whether to a water course or to land, may be built in stages. These
facilities are sized to accommodate peak flows, and their design may incorporate features
that reduce the environmental impact on the receiving stream or water body.

Solids disposal can similarly be built in stages and is dependent on contaminant mass load
and the degree of treatment provided.

3.2

Impact of Water Conservation on Wastewater Flows

Wastewater flows consist of a base sanitary flow that varies diurnally with indoor water
use, and infiltration and inflow of stormwater to the wastewater collection system during
precipitation events.

The base sanitary flow contribution is grey water from household appliances
(dishwashers, washing machines, sinks, showers), sanitary toilet flows and industrial
flows. The base flows typically fluctuate daily with water usage and peaks occur in the
morning (6 a.m. to 10 a.m.) and evening (5 p.m. to 8 p.m.). Water conservation measures
such as ultra low flow (6 L/flush) toilets, leak reduction, low flow faucets, shower heads
and metering will all contribute to the reduction of sanitary base flows.

Infiltration and inflow (I&I) includes inflow due to rainfall plus groundwater infiltration.
I&I can vary significantly due to antecedent weather, soil moisture, groundwater levels,
and duration and intensity of storm events. Groundwater infiltration enters the sanitary
sewer collection system through poor pipe joints and manholes. Dayton & Knight
reviewed the I&I data from the City of Revelstoke in the period of February 21st to March
10th 2006 and March 24th to April 17th 2006. The flow rate, in liters per second, was
recorded every 5 minutes. Six locations were chosen to collect the flow data. The review
indicated that groundwater infiltration made up 34% to 77% of the dry weather flow
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during that period. The I&I rate averaged 17,500 L/ha/d which is relatively high,
compared to the target value of 11,200 L/ha/d. The high I&I may be due to the fact that
several sections of the City’s sewer collection system use combined sewer lines, or to the
age of the system. Water conservation measures will decrease the base sanitary flow, but
will not affect the I&I component of sanitary flows. Due to the high I&I in the area, it is
unlikely that water demand management measures will have a significant impact on the
timing of wastewater infrastructure projects, since the design of sewer mains and pump
stations is based on peak flow, and small reductions in the base sanitary flow will have a
relatively minor effect on peak flows.

Water conservation measures can defer some of aspects of future WWTP expansion.
With a decrease in wastewater flows due to water efficiency efforts, the hydraulic load on
the wastewater treatment plant would be reduced, but the solids and organic mass loading
to the plant would remain unchanged. For the City of Revelstoke, it is unlikely that water
conservation would result in deferment of these capital works related to the hydraulic
load due to the high I&I.

The O&M costs for wastewater collection and treatment consist of fixed and variable
costs. Fixed costs include labour and administration. Variable costs are flow related
such as influent and recycle pumping and chemical addition. For the City of Revelstoke,
the O&M costs of wastewater treatment would include the power cost of pump stations
and the cost of the chlorination. However, since the I&I rate is high the groundwater
infiltration represents a large component of the wastewater flows (see Section 3.2.2),
reduction in water use is unlikely to result in a significant reduction in the operating cost
of the wastewater collection and treatment system.

For the above reasons, the potential determent of capital sewerage works and reduction of
sewerage O&M costs due to water conservation was judged to be minimal, and was not
included in the analysis (Section 5).
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CITY OF REVELSTOKE
WATER CONSERVATION STUDY

4.0

WATER USE EFFICIENCY INITIATIVES

The goal of water demand management is to align supply and demand in the most efficient,
economical way. In addition, water conservation has to be considered as part of urban
development and has to be considered in the planning process. The implemented water
conservation measures must be technically feasible, broadly applicable, socially acceptable, and
cost-effective compared to infrastructure expansion. In addition, water demand management has
potential social and environmental benefits such as preservation of groundwater supplies and dry
season streamflows.

A general discussion of water demand management measures is contained in this section. Water
Conservation Measures relating to the City of Revelstoke are described and evaluated in
Section 5.

4.1

Province of BC Initiatives

Water conservation is often perceived to be restrictive and associated with personal
inconvenience and rationing. Water conservation is, however, not only a matter of using
less water through use-limits such as sprinkling regulations, but it requires careful
management of water resources using a wide variety of methods. Despite these efforts,
over 17% of British Columbia surface water sources have reached, or are nearing, their
capacity to reliably supply water. Groundwater levels in some regions are declining, and
over one-third of the aquifers are vulnerable to contamination. While the water supply
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situation is not a serious problem for many communities, it is considered by the Province
that the availability of a healthy, sustainable and plentiful water resource can no longer be
taken for granted.

Although British Columbia has an abundance of rivers, streams and lakes, only a small
number of these are available for water supply. Until recently, the perception was that the
supply of water was unlimited. However, with increasing growth in population and
economic development, there has been mounting pressure on all of the available water
resources. To address this, the British Columbia Water and Waste Association
(BCWWA) along with the Ministry of Environment and Environment Canada formed a
partnership to develop a Water Conservation Strategy for British Columbia (1998).

The goal of the Water Conservation Strategy for British Columbia is to develop and
promote supply and demand-side management measures for application by
municipalities, water purveyors, drawers and users throughout the province, recognizing
regional differences. This strategy provides a common framework for water management
activities and programs throughout the province. The strategy projects water as a valuable
resource, which must be used efficiently, wisely, and cost-effectively. Table 4-1
demonstrates the impact of various water conservation strategies.

TABLE 4-1
SUMMARY OF WATER CONSERVATION MEASURES
Impacts on Water
Potential Impacts on
Conservation Measure
Demands
Wastewater Flows
Water Saving Devices
In-home
Reduced
Revisions to plumbing and building codes
In-home
Reduced
Public Education
In-home
Reduced
Universal metering
In-home
Reduced
Leak detection and repair
Outside home
None
Adjustment of water rates
In-home
Reduced
Water use restriction
Outside home
None
Water reuse
In-home
Reduced
Landscaping
Outside home
None
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In 2004, the BCWWA formed a Water Sustainability Committee. The mission of the
committee was to facilitate more sustainable approaches to water resources at all levels,
from the province to the household, and in all sectors, from domestic, resource, industrial,
commercial, to recreational and ecosystem support uses. The Water Sustainability
Committee has now embarked on a partnership with the Province and other stakeholders
to develop and implement a fully integrated Water Sustainability Action Plan. The Action
Plan builds upon a Water Conservation Strategy for B.C., developed and promoted from
1998 through 2001. The Action Plan was established in 2002, and it recognized that the
greatest impact on land and water resources occurs through our individual values, choices
and behaviour. The goal of the Action Plan is to influence choices and encourage action
by individuals and organizations so that water resources stewardship will becomes an
integral part of land use and daily living.

In addition to the above documents, the Ministry of Environment has developed a WaterUse Efficiency Catalogue for B.C. Both “Hard” Conservation measures and “Soft”
Conservation measures govern the initiatives. Descriptions of applicable water
conservation measures are provided below.

4.2

Hard Water Conservation Measures

Hard water conservation measures are those which are more demanding or restrictive in
their approach to water use efficiency. Hard measures include the following:
•

legal tools;

•

economic and financial tools; and

•

operation and management tools.

Examples of the above tools are supply and demand studies, cost/benefit analyses,
xeriscaping, metering, low flow fixture and retrofit programs, emergency response plans,
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and backflow and cross connection control programs. Each of these are programs that
once initiated must be followed through by all residents.

4.2.1

Legal Tools

Mandatory water use restrictions and implementation of bylaws are the two most
commonly identified legal tools. Both Federal and Provincial governments identify
legislation as an effective means of increasing water use efficiency. Other legal tools
include regulations, standards and licensing.

Mandatory Restrictions

Outdoor usage typically accounts for more than 40% of the water consumed during
summer months. It is imperative that communities control wastage of water.
Restrictions on watering/sprinkling of lawns are an effective way to cut down excess use
of water. A typical lawn needs only one inch of water per week, which is about 1 hour of
sprinkling. Various local governments already have lawn-sprinkling restrictions. Fixing
of times and days for even and odd numbered houses is an established method. The City
of Vancouver has lawn watering restrictions from June 1 to September 30, and watering
is allowed only during 4:00 a.m. to 9:00 a.m. and 7:00 p.m. to 10:00 p.m. Odd numbered
houses water on Sunday and Thursday, and even numbered houses on Saturday and
Wednesday. The watering restrictions are based on the Water Shortage Response Plan
from 1993. Other municipalities in the Lower Mainland also have similar schedules.

Municipal Bylaws

The waterworks rate and regulation bylaw is a bylaw to fix the rates and terms under
which water may be supplied to and used by inhabitants of a municipality or district.
Building and plumbing bylaws requiring installation of low flush toilets, faucets,
showerhead restrictors and other water saving devices is a policy followed by many
municipalities. The Province of B.C. mandates the use of water-saver toilets (13.25

Page 4-4

1.48 ©2007

L/flush) on all occupancy Groups C, D and E, as defined in the BC Building Code,
through the Water Conservation Regulation. Specific areas within the Province have
been identified in the regulation as requiring the use of low-consumption toilets (6.0
L/flush). These areas are as follows:
•

Cowichan Valley Regional District;

•

Regional District of Nanaimo;

•

Electoral Areas C and D of the North Okanagan Regional District;

•

Municipality of Bowen Island;

•

Capital Regional District;

•

City of Enderby;

•

City of Kamloops;

•

City of Vernon;

•

District of Campbell River;

•

District of Coldstream;

•

District of North Cowichan;

•

Greater Vancouver Water District;

•

Town of Gibsons;

•

Township of Spallumcheen;

•

Village of Cumberland;

•

Village of Lumby;

•

Village of Sayward; and

•

Village of Telkwa.

Developmental bylaws and setting of specifications for construction practices for new
properties to be followed by developers and contractors are other means of saving water.
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Standards and Regulations

In 1991, the standard CSA B125, “Plumbing Fittings” recognized conservation type
fittings, which limit flow rates to 11.4 L/min for lavatory and kitchen faucets and for
showerheads. In order to further promote water conservation, the CSA standard was
again revised in 1995, to limit the maximum flow rate for lavatory and kitchen faucets to
8.3 L/min and showerheads to 9.5 L/min. Maximum flow requirements did not change as
part of the 2005 revision to the standard. The flow rates are summarized in Table 4-2.

TABLE 4-2
MAXIMUM FLOW RATES FOR PLUMBING FITTINGS
CSA Standard
2005 BC Water
B125.1-05
Fitting
Conservation
“Plumbing Supply
Regulation
Fittings”
Lavatory and
Kitchen Faucet
Showerheads
Toilet*

8.3 L/min

8.3 L/min

9.5 L/min
13.25 L/flush
6.0 L/flush
5.7 L/flush

9.5 L/min
N/A

Urinal
N/A
* Maximum flow is dependant on the municipal location as outlined in the
preceding section

4.2.2

Economic Tools

Economic and financial tools include both incentives and disincentives. They may be
used to convey the message that water is valuable and can assist in motivating people to
reduce water use. Increased water service charges also tend to recover costs.
Municipalities applying for infrastructure grants in B.C. may be required to demonstrate
that the proposed project uses water efficiently.
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Metering Studies and Pilot Projects

Studies have been completed relating to the financial aspects of metering water usage.
Financial incentives to install water use efficient devices (e.g. low interest forgivable
loans, tax credits, rebates, buy-backs of inefficient devices) help in creating awareness.
Studies relating to pricing structure (including increasing block rate, seasonal rates, and
marginal-cost pricing strategies) should be considered.

Water Rates

Water rates are normally set at a level designed to provide necessary revenue for the
utility. A decrease in water revenue due to lower consumption can be balanced by
increases in water rates. There are also savings associated with deferment of capital and
operations and maintenance costs associated with expansion of water and wastewater
facilities. There are several types of rate structures which can be used to encourage water
conservation, including those listed in the following Table 4-3.
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TABLE 4-3
WATER RATE STRUCTURES
Rate Structure
Uniform rate
Inclining block rates
Seasonal rates
Excess-use rates
Indoor / outdoor rates

Sliding-scale rates

Scarcity pricing
Spatial pricing

Penalties

Customer bills vary with water
usage
Price per unit is constant as
consumption increases
Price per block increases as
consumption increase
Prices during season of peak
use are higher
Prices are significantly high
for above average users
Prices for indoor use are lower
than outdoor use
Price per unit for all water use
increases based on average
consumption
Cost of developing new
supplies is attached to existing
Users pay for the actual cost
of supplying water to their
establishments
Charges certain customers a
pre-specified amount for
exceeding allowable limits of
water use

Pricing signal
Reduces average demand
Reduces average and peak
demands
Reduces seasonal peak
Reduces peak demand
Reduces seasonal peak
demand associated with
outdoor use
Reduces average and peak
demand
Reduces average use
Discourages new or difficultto-serve connections
Reduces peak demand and
discourages wasteful water use

The most common rate structures are as follows:
•

drought demand rates (variation of seasonal rate structures);

•

excess use rates or excess surcharges;

•

inclining block rates; and

•

seasonal rates.

The GVRD has adopted a seasonal rate structure for billing member municipalities for
water use. The District of West Vancouver has adopted an inclining block rate structure
for billing homeowners.
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As part of the development of a water rate structure it is necessary for the community to
gauge or evaluate the implications of “price elasticity”. Price elasticity of water is
defined as follows:
•

Elastic – one per cent increase in water rates results in a greater than one per cent
decrease in water use;

•

Unitary elastic – one per cent increase in water rates results in a one per cent decrease
in water use; and

•

Inelastic – one per cent increase in water results in less than a one per cent decrease in
consumption.

Typically water consumption is inelastic; as rates increase, consumption often does not
follow. This is related to the value that is placed on water relative to the benefits (e.g.,
green lawns, high flow showers, swimming pools/hot tubs, etc.) and the amount of
disposable income available to homeowners.

Low income consumers are also a major concern during rate structure development.
Typically, a lifeline rate (lower rates for minimal amount of water) is implemented as the
first block of an inclining rate structure. Major factors which must be included in the
development of rate and rate structure plans are listed as follows:
•

average cost of water bill;

•

household income;

•

household size (number of residents);

•

lot size for each house;

•

assessed property value;

•

number of rooms per house;

•

frequency of dishwasher uses per month;

•

frequency of clothes washer uses per month;

•

number of water conservation fixture installed;
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4.2.3

•

frequency of car washing at home;

•

frequency of lawn watering; and

•

conservation orientation perceived by customers.

Operations and Management Tools

Operations and maintenance tools include structural or physical improvements and
installation of water use efficient devices or processes. Many of these tools may require
up-front expenditures. A discussion of operation and management tools is provided
below.

4.2.3.1 Water Audit

A Water Audit includes a review of the existing water use and water system, and the
suggestion of water conservation measures. It is distinguished among the categories
described below:
•

residential water audits
Residential water audits can reduce both indoor and outdoor water use. A typical
residential water audit includes a review of the residential water use pattern and
billing, leak check of the water connection (with the help of a water meter), leak
check of toilets, and outdoor landscape and sprinkler assessment.

•

landscape and irrigation audit and retrofit
This measure targets high outdoor water users. A trained irrigation auditor evaluates
the water use efficiency of irrigation systems and evaluates conservation measures,
e.g. irrigation scheduling, efficient irrigation systems, Xeriscaping.

•

ICI audits
Large water users are typically part of the Industrial, Commercial and Institutional
(ICI) sector. An audit is a visual inspection of the system while it is operating to
determine present water uses, losses, and conservation practices and to recommend
improvements.
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4.2.3.2 Metering Programs

An effective water pricing system relies heavily on a metered system. Installing water
meters and billing for a water service based on metered water use provides a strong
incentive for customers to use less water than if they were billed on a flat-rate basis.
Water savings resulting from the installation of meters can vary anywhere from 13% to
45%. Several variables may contribute to the variation, including housing type, lot size,
climate, and season. A typical reduction of 20% in water use by metering can be
expected. In areas requiring water for landscape irrigation, savings in the spring and
summer are usually much greater than in the fall and winter. Sprinkling and related uses
affect the maximum day and peak hour use to a much greater extent than domestic use.

A reduction in water use after meters are installed is typically most substantial during the
first year following installation. However, if post-metering water prices are kept low,
there is little incentive for decreasing water use. 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.

4.2.3.3 Leak Detection Program

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 and kind of joints, and type of pipe. Most water systems experience breaks
or leaks that occur due to a variety of causes, including the following:
•

pipeline leaks (leaking joints, broken/cracked pipes);

•

reservoir leaks and overflows;

•

service connection leaks (connection to pipeline, pipe, curb and corporation stops);

•

fitting leaks (fire hydrants, valves, tanks, appurtenances etc.); and
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In addition to leakage, other losses in the water system could be attributable to the
following:
•

meter error or inaccuracy (usually on low flows);

•

illegal or unrecorded user;

•

municipal uses such as fire fighting, main flushing, new construction, street washing,
etc.;

•

account error; and

•

abandoned service connections.

Non revenue water (or unaccounted for water) includes leakage and other losses. In
existing systems, leak detection and repair programs should be considered to reduce nonrevenue water loss. Initial steps of the program are to review leak, break and
maintenance data to identify areas of historical pipe problems, review reservoir
overflows, and meter or estimate municipal uses such as main flushing, street washing
and fire fighting. Older systems develop numerous small leaks which are not economical
to repair and which cannot be detected by traditional leak sounding techniques; these
leaks can only be addressed by pressure management or in the extreme by system
replacement.

4.2.3.4 Pressure Management

Pressure management systems are designed to reduce the amount of leakage and lost
water occurring during transmission. During the low consumption periods (i.e.: night
time) the distribution system is subjected to higher pressures than during the daytime.
PRV stations can be used to reduce the system pressure during the off periods, ultimately
reducing the amount of background leakage.
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4.2.3.5 Rebate Programs

With rebate programs, users should be motivated to implement water conservation
measures. Possible rebate programs including the following:
•

retrofit Kits (water saving kits for indoor and outdoor);

•

ultra low flush toilets rebate;

•

rain barrel program;

•

grants for community xeriscaping;

•

high efficiency dishwashers rebate; and

•

high efficiency clothes washer rebate.

4.2.3.6 Xeriscaping

Communities have been faced with increased demands on existing water supplies.
Consequently, there is a greater focus on water conservation, not just in times of drought,
but in anticipation of future population growth. Water can no longer be considered a
limitless resource. A philosophy of water conservation through creative landscaping has
derived the new term, xeriscape. The goal of xeriscaping is to create a visually attractive
landscape that uses plants selected for their water efficiency. Properly maintained, a
xeriscape can require less than one-half the water of a traditional landscape. Once
established, a xeriscape should require less maintenance than turf landscape.

Using native and other drought-tolerant plants can significantly reduce water use, and it
de-emphasizes the use of bluegrass lawns and other thirsty plants. Xeriscaping can
reduce the time spent watering, fertilizing and mowing, and it can increase the beauty and
value of a property. Xeriscaping along with a well planned and well maintained
irrigation system can significantly reduce water use compared to a traditional landscape,
and therefore lower water bills. For the most efficient use of water, turf areas should be
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irrigated separately from other plantings. Other irrigation zones should be designed so
that low water use plants receive only the water they require.

Proper irrigation choices can also save water. Turf lawns are best watered by sprinklers.
Trees, shrubs, flowers, and groundcovers can be watered efficiently with low volume drip
emitters, sprayers, and bubblers.

4.2.3.7 Water Recovery, Reclamation, Re-use and Recycle Programs

The rain barrel program was developed to reduce the use of potable water for garden
irrigation. The rain barrel is typically made of durable plastic, with a closed-lid mosquito
screen and overflow valve. The 350 litre half barrel is designed to fit flush against the
side of a house. The barrel is placed under the roof gutter downspout and is filled by
rainwater during precipitation events. The barrel is commonly an attractive forest green
colour, and it is equipped with two faucets to accommodate both a soaker hose
attachment and a spigot watering can.

In 1997, Environment Canada’s Action 21 program helped fund a rain barrel program for
the Corporation of Delta. Residents participating in the program were later surveyed to
evaluate the effectiveness of the product, and to assess the potential for program
expansion. The results of the survey showed that the $40 purchase price of the barrel was
acceptable to Delta’s residents, and that residents would likely be willing to pay more
should the program not be funded in the following years. The residents that participated
in subsequent years said that the program was a success, and magazine articles written
about the program claimed that rain water was superior to tap water for watering gardens.
The City of Vancouver also designed and manufactured rain barrels for a similar program
for garden irrigation. The City hoped that providing a practical alternative to using
potable water for irrigation and giving residents the ability to take responsible action in
discretionary water use would help to reduce high seasonal consumption.
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4.2.3.8 Climate Comfort Systems

Climate comfort systems monitor the local environment and adjust water using systems.
A common system is that automatic irrigation systems be equipped with moisture sensors
(irrometers) to deactivate the system when it is raining.

4.3

Soft Water Conservation Measures

Soft conservation measures are less demanding than hard measures. These programs are
initiated more through negotiation, conciliation, voluntarism and teaching. Soft measures
include the following:
•

planning tools;

•

voluntary restrictions;

•

educational and information sharing initiatives;

•

government “lead by example” initiatives; and

•

partnership and co-operation initiatives.

Examples of the above programs include employee education, early detection and repair
of leaks and reduced water pressure in municipal buildings.

The Province has categorized some tools as essential for implementing the strategy that
has been developed. The rationale behind this categorization was the response from the
survey of local governments. Of those surveyed, a majority of the respondents stated
capacity constraints and the need to reduce costs as the principal reasons for adopting
water conservation measures. Summaries of the hard and soft conservation measures in
the surveyed B.C. Municipalities, regional districts and improvement districts are
provided in Appendix H and examples are provided in Appendix I

Page 4-15

1.48 ©2007

4.3.1

Plannning Tools

Planning tools include local or regional land use planning such as the OCP, watershed
management planning, and long term strategic plans. Within the framework of these
planning documents, water conservation initiatives can be implemented. Options include
those presented above, such as landscaping and water run-off management.

4.3.2

Voluntary Restrictions, Educational and Information Sharing Initiatives

Voluntary commitment by consumers to reducing consumption is critical to achieving
long-term reductions. The objective is to limit consumption during dry spells and peak
demand periods. Facets of the education program should be aimed at specific groups,
such as householders, landscapers and nurseries, utilities, teachers, students (all levels
from elementary to secondary) and industry, to send a clear purpose for water reduction
practices. Voluntary restrictions include those discussed as hard conservation measures,
but presented through a voluntary implementation strategy.

The public must understand why water conservation is important. 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. Resource materials
are available from a variety of water industry associations and utilities.

Public education programs can help consumers to identify common habits that waste
water, such as flushing toilets to dispose of a facial tissue, and running water
unnecessarily while washing, brushing teeth, shaving, shampooing hair, washing cars, or
watering lawns. In-school education is an important component of the program.

Avenues for reaching the public include public access television, radio talk shows, public
forums, drop-in sessions, newspaper ads, mail outs, water and sewer bill enclosures,
door-to-door canvassing, community events, internet, workshops and seminars, ecoeducation programs, competitions and school programs.
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4.3.3

Government “Lead by Example” Initiatives

Lead by example programs are voluntary implementation of water conservation
initiatives at government buildings. Programs which can be implemented through the
lead by example program include: low flow fixtures, metering, xeriscaping, reduced
water pressure, water reuse and employee education.

4.3.4

Partnership and Co-operation Initiatives

Partnerships and co-operation initiatives include partnerships with the British Columbia
Water and Waste Association (BCWWA) water use efficiency committee, industry
partnerships, public - private partnerships, local government partnerships, government
other utilities partnerships, landscape related activities with landscape/irrigation experts,
tourism related activities, cooperative associations with special interest groups,
partnerships with science/educational enterprises, and cooperation with major users and
businesses.

4.4

Water Conservation Measures Overview

Water conservation measures by category are summarized in Table 4-4.
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TABLE 4-4
WATER CONSERVATION MEASURES
Category
Residential – Indoor

1.

2.

Measure
Retrofit Kits

3.

Ultra Low Flush
Toilet Rebates
New Plumbing

Residential – Outdoor

4.

Water Audits

Commercial/Industrial

5.

Landscape
Controls
Process Water
Audits
Large Landscape
Water Audits

6.
Farm/Public/Other

7.

Utility

8.

Leak Reduction

9.
10.

Pressure
Management
Public Education

11.

School Education

12.
13.
14.

Pricing
Universal Metering
Rainwater Reuse

All Categories

Description
Distribute kits (showerhead, toilet tank
displacement device) to homeowners to
install.
Rebate replacement of old toilets with six
litre per flush model.
Require low flow showerheads and six litre
per flush toilets in new construction.
Perform audit of irrigation system and
provide homeowner with irrigation
schedule, by season.
Require water conserving landscape.
Trained water auditors advise businesses of
how to reduce water use.
Trained water auditor advises owner of
adjustments to irrigation practices/system to
save water.
Active program to locate and fix
distribution system leaks.

Program to educate customers about wise
water use through various media.
Classroom instruction on importance of
efficient water use.
Meter on each service connection.
Rainwater harvesting systems to collect,
store and treat rainwater.

4.5

Water Use Efficiency Initiatives for B.C. Municipalities

4.5.1

City of Abbotsford

Water is supplied by the Abbotsford/Mission Water and Sewer Commission to the City
of Abbotsford and the District of Mission. The primary source of water is Norrish Creek,
with back-up provided by Cannell Lake and 15 local ground water wells. The back-up
sources are typically used to augment peak water demands during the summer, and in
spring and fall when storms cause Norrish Creek water to be too turbid or muddy to use.
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The Abbotsford/Mission Water and Sewer Commission supplies water through
approximately 80 kilometers of transmission mains between the Norrish supply to
various distribution points (reservoirs and booster pump stations). The City of Abbotsford
maintains and operates approximately 853 kilometers of water mains, 15 individual
pressure zones, 12 reservoirs, 10 booster pump stations, and eight pressure reducing
stations. There is a small portion of the urban core in Clearbrook (approximately 210
hectares) that is serviced by Clearbrook Waterworks.

Annual lawn and garden sprinkling restrictions are in effect from May 1 to September 30
for the residents of Abbotsford who are serviced by the City water system. Outdoor lawn
and garden irrigation systems such as hose-connected sprinklers and automatic in-ground
sprinklers are regulated by the City. The even numbered addresses are allowed to irrigate
on Wednesday and Saturday from 5:00 a.m. to 8:00 a.m. and 7:00 p.m. to 10:00 p.m., and
the odd numbered addresses on Thursday and Sunday from 5:00 a.m. to 8:00 a.m. and
7:00 p.m. to 10:00 p.m. The owner of a new lawn (sod, turf, or seeded) may obtain a
permit to sprinkle outside the permitted days for a fee of $30.

4.5.2

City of Campbell River

The City of Campbell River operates three separate water supply systems. The Main
system serves the majority of customers in the City, and it provides bulk water to Area D
of the Regional District of Comox Strathcona. The main water system of the City of
Campbell River treats and distributes over 8 million cu. m (2.2 billion imperial gallons)
of drinking water to the community every year. The main water distribution system
stretches over 13 km along the foreshore. The distribution system includes penstock
water intakes, 3 active water storage reservoirs, 280 km of watermains, 1,070 hydrants,
and 27 pressure reducing valves. The other two water systems are industrial park water
system and airport water system.

The industrial park water system consists of a submerged intake in John Hart Lake,
which feeds the system through John Hart Pump House. Water is stored at the newly
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constructed Snowden Road Reservoir. The water supplies the Industrial Park and a small
number of residential consumers north of Campbell River.

The Campbell River Airport water distribution system is composed of a reservoir, a pump
house, and a distribution system supplying 13 fire hydrants, airport buildings, and airport
tenant buildings. There are two wells with submersible pumps that supply water to the
reservoir system. The domestic water and the fire water use the same distribution piping
system and supply systems.

The City of Campbell River provides water conservation programs such as indoor water
use reduction tips, outdoor water use reduction plans, a rain barrel program, sprinkling
restrictions, and public education.

The City of Campbell River, in partnership with various neighboring municipalities, is
promoting to residents an affordable rain barrel program for the summer season of
2006. A centimeter of rain falling on an 1100 square foot roof area (the average in
Campbell River) will produce about 1,145 liters of water. Since there are four gutter
outflows on each roof, one rain barrel can collect approximately 258 L from one
centimeter of rain. Campbell River averages 2.3 cm of rain per week in the summer
months (between May 1 and September 15). This corresponds to a possible savings of up
to 593 L/week. Even a significantly drier week can have a large impact on water savings.

The City regulates (Campbell River Water Rates and Regulations Bylaw No. 2881, 2001)
lawn sprinkling within the municipality between June 1st and September 15th. Even
numbered addresses are allowed to water lawns only on even numbered days, and odd
numbered addresses are allowed to water lawns only on odd numbered days. Lawn
irrigation is allowed before 7:00 a.m. and after 7:00 p.m. Failure to comply with these
restrictions may result in a $50 fine.
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4.5.3

District of Houston

The District of Houston currently operates four water wells with a 2,270,000 L potable
water reservoir. At present water is supplied from Well No. 2, No. 3, No. 4, and New
Well No. 1. Well No. 2, No. 3, and No. 4 are situated in a shallow unconfined aquifer.
The District of Houston services approximately 22 km of potable watermains. All wells
and reservoirs in service are monitored constantly by electric alarm and inspected daily.
As part of the water conservation initiatives, a metering program was initiated within the
municipality. Effective January 1, 2004 selective businesses installed with water meters
are billed according to the amount of water consumed. Effective January 1, 2005 trailer
and mobile home parks were added to the metering program.

All new construction for business use or multiple family dwellings have to install a water
meter for the property, except where special exemption has been granted by the Director
of Public works. Those with exemption will be charged according to the flat rate
classification shown in Table 4-5.
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TABLE 4-5
SUMMARY OF FLAT RATE WATER FEES IN THE DISTRICT OF HOUSTON (2006)
Classification
Single Family Dwelling, Duplex (per unit)
Townhouses, Apartment (perunit)
Trailer or Mobile Home (per pad)
Church, Public Buildings and Halls, or Private Halls
Hotel, Motel (per unit)
Café or Restaurant
Dining Room, Lounge, Beer Parlour, Cabaret
Living Quarters
Store, Office, Retail, Wholesale
Garage, Service Station
Equipment Repairs
Car Wash
Truck Wash
Schools (per classroom)
Staff Room
Laundromat (per washer)
Industrial Plant (less than 20 people)
Industrial Plant (more than 20 people)
Curling Rink, Arena
Diagnostic Centre (per examining room, Clinic, Doctor's Office
Unspecified Users
Lion's Senior Citizens Home (per unit)
Supermarket
Bakery
Meat Processing
Domestic Use - not on the water system (Hauled)

Annual Rate
$160
$155
$160
$160
$38
$250
$250
$160
$160
$250
$160
$250
$1,000
$160
$160
$75
$160
$250
$250
$100
$160
$160
$250
$160
$160
$25 plus GST per month

All metered accounts are subject to a capacity and a consumption charge for each three
month period. The capacity charge for each three month period is a flat rate fee based on
meter size. For connections up to 19 mm diameter charge is $38.00, for 25 mm diameter
the charge is $42, for 38 mm diameter the charge is $62, for 50 mm diameter the charge
is $82, for 76 mm diameter the charge is $110, for 100 mm diameter the charge is $150
and for 150 mm diameter the charge is $450.

The consumption charges for the District of Houston are summarized in Table 5-6.
Additional charges include water connection fees, water service turn on or turn off
charge.
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TABLE 4-6
SUMMARY OF METERED WATER FEES IN THE DISTRICT OF HOUSTON
Cubic Meter Cubic Meter
Plus additional charge per m3 for any
Base Rate
(over)
(to)
volume used in excess of the lower volume
0
25
0
$0.50
25
50
12.50
$0.48
50
100
24.50
$0.46
100
200
47.50
$0.44
200
400
91.50
$0.42
400
175.50
$0.40
The District of Houston implements watering restrictions yearly to ensure adequate water
supplies for fire fighting and domestic demands. East of Buck Creek is allowed to water
on even calendar days between the hours of 6:00 a.m. to 10:00 a.m. and 7:00 p.m. to
10:00 p.m.; and west of Buck Creek is allowed to water on odd calendar days between
the hours of 6:00 a.m. to 10:00 a.m. and 7:00 p.m. to 10:00 p.m.

4.5.4

City of Kamloops

The South Thompson River is a reliable source of water for the City of Kamloops. The
hot dry summers require 4 to 5 times more water compared to the winter. The main
problem during the summer is the cost of power to run the pumps to deliver water. The
City of Kamloops has put into practice water conservation measures such as the Water
Smart program, volunteer water metering program, irrigation restrictions, and xeriscaping
to conserve water for the City.

The Water Smart Program was introduced in 1992 to the City of Kamloops to promote
the conservation of water. The program has proven to be effective. Peak day demand
during summer months has been reduced by as much as 25%. The peak day demand was
reduced from 2608 L/c/d to 1961 L/c/d and is still high compared to the GVRD with a
peak day demand of 880 L/c/d (average 2000 to 2005). The Water Smart Program
provides tips to use water wisely indoor and outdoor. In 2006 it was expanded and
renamed to ecosmart. It covers more environmental issues.
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All Commercial and Residential Customers who receive their water supply from the
City's Water System are required to comply with the sprinkling and irrigation regulations
effect from May 1st to August 31st. By-law infractions incur a fine of $100 for the first
offence, and $200 for each subsequent offence. Properties with even numbered addresses
are allowed to sprinkle or irrigate only on even numbered days, and properties with odd
numbered addresses are allowed to sprinkle or irrigate only on odd numbered days.
Sprinkling and irrigating are not allowed between the hours of 11:00 am and 6:00 pm
from May 1st through August 31st. Where a residential complex uses internal addresses
or other identifying numbers, the internal numbers will be used to establish the
appropriate watering day. Commercial customers may apply to the Utilities Manager for
a variance to the water restrictions; an appeal of the Utilities Manager's decision may be
made to the City Engineer. All outdoor hand use of hoses for other than filling swimming
pools and/or hot tubs must be equipped with a working spring-loaded shut-off nozzle.
Hand watering of plants using a hose with a working spring-loaded shut-off nozzle or a
hand-held container is allowed at any time.

The City of Kamloops is starting a volunteer water metering pilot program for its
residents in 2006. To be considered for the program, a resident has to complete a
questionnaire. The qualified residents for the Pilot Program will receive a water meter
installed (no charge to the resident), as well as water conservation tips and water
conservation devices. For the first year, the water meter will be read by the City of
Kamloops, and the resident will be given the option of paying either the metered rate or
the current flat rate (whichever is lower). For the first year, the resident will also receive
a notice that outlines how much water was consumed every month. This information will
help the resident to determine the need to implement water conservation measures or be
more vigilant in water use. The data gathered from the Pilot Program (demographic
details and monthly consumption) will provide the City of Kamloops with information to
determine whether a voluntary water meter program should be expanded city-wide in the
future.
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The City of Kamloops encourages xeriscaping as a means to conserve water.
Xeriscaping emphasizes efficient use of the minimum amount of water required to sustain
an attractive and functional landscape. Water consumption to maintain xeriscaping can be
50% or less than the amount needed to maintain a traditional landscape on the same
property. In Kamloops, the City has promoted xeriscaping through the creation of a
xeriscape Demonstration Garden in McArthur Park, and through holding several
xeriscaping seminars.

4.5.5

City of Kelowna

The City of Kelowna has five major water districts within the City boundary. The main
raw water source is Okanagan Lake. The City of Kelowna has developed strategies for
advancing water management. A water conservation program “Water Smart” designed to
reduce the volume of water used, repair leaky toilets and taps, retrofit existing plumbing
fixtures, reuse gray water, and implement water metering was recommended. The public
education program included a newsletter “The Pipeline”, published twice per year, which
addresses water conservation issues. In 2006, students will visit every community to
offer water conservation advice.

City Council endorsed a plan that challenges all residents of Kelowna to reduce their
water consumption by a minimum of 12% by the year 2012. The Water Smart program
will work with any individual, business, or institution who wants to take up the challenge.
The easiest way for the water utility to reduce water consumption by 12% is to impose
restrictions on irrigation.

The City charges $6 per month as the service charge for the water distribution system.
The consumption rates are $0.25/cu.m for the first 30 cu.m. (0-30 per month), $0.33/cu.m
for the next 50 cu.m. (30-80 per month), $0.36/cu.m. for the next 45 cu.m. (80 - 125 per
month), and $0.50/cu.m. for the consumption of in excess of 125 cu.m.
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The City of Kelowna is implementing a soil amendment program for 2006, which
includes spreading of Ogogrow or compost as topsoil. The compost helps improve the
soil’s ability to maintain moisture, resulting in reductions of water used for irrigation by
up to 25%. This is a cost-shared incentive where the homeowner pays for topdressing of
compost, and the Water Smart program provides delivery and spreading.

The City is introducing a new drought tolerant grass seed for homeowners. The new
drought tolerant grass has thin blades that transpire less moisture than traditional grass,
and a deep root system (8 inch – 10 inch) that holds moisture. The grass is slow growing
which means less mowing.

The Water Smart program coordinates school presentations ranging in length from 45
minutes to 1½ hours. These are interactive presentations, with students taking part in
hands-on experiments with water. The focus is on local water issues and methods of
conservation.

4.5.6

City of Prince George

The City of Prince George derives its water supply from ten active wells. There are an
additional two wells that are not in operation, and another one in development. The
majority of the City’s water supply is obtained from two groundwater collector wells.
The ten active wells operated by the City of Prince George distribute water to 21,800
residents and 1,681 ICI customers via 520 km of water mains.

In order to ensure a water supply that remains reliable and healthy, and that continues to
meet the needs of future community demand, the City of Prince George has implemented
a number of water conservation programs. Current conservation efforts include a rain
barrel program, water metering and volumetric billing, sprinkler restrictions, changes to
the plumbing code to make 6L flush toilets mandatory for all new building construction,
a school education program (Wacky Wet Water), and a public education program.
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The City of Prince George has a new Water Conservation Program with a team of Wise
Water Workers ready to visit neighborhoods and retail outlets, and to attend public
activities and community events. The Wise Water Workers will provide information on
Prince George's water system, water conservation tips and will demonstrate water-saving
tools.

The City reviewed all industrial, commercial and institutional (ICI) users and in 1996
implemented mandatory retrofitting of meters in businesses. Currently, 89% of ICI users
are metered, and the City is working towards 100% metering.

In the City area north of the Nechako River and west of the Fraser River, no sprinkling is
allowed between 12:00 noon and 12:00 midnight daily. For the properties adjacent to
Cinch Loop, Hartman Road, Cantle Drive, Corral Road and Western Road, and the
properties abutting the frontage road north of Highway 16 west from the 8100 block of
Highway 16 west to the City's western boundary, no sprinkling is allowed between
8:00 a.m. and 5:00 p.m. daily. In all other areas of the City, sprinkling is not allowed
between 12:00 noon and 5:00 p.m. daily. Outside these hours even numbered houses are
allowed to sprinkle lawn on even numbered days, and odd numbered houses are allowed
to sprinkle lawns on odd numbered days. The fine for sprinkling violators is $50 per day.

The City partnered with School District 57 to provide water conservation education,
including hand on activities and field trips. Since the implementation of “Wacky Wet
Water” School programs, over 2,200 people have participated in the program to raise
awareness about drinking water issues. The City of Prince George website highlights
water conservation tips.

As a public education program, the City is engaged on distributing of educational
pamphlets and brochures. The City also held water conservation poster competitions
during drinking water weeks. The City partnered with University of Northern British
Columbia (UNBC) and Recycling and Environmental Action Planning Society (REAPS)
to develop the “Sustainable Landscapers” program. The program features education on
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water efficient landscaping. The City promoted ongoing data collection regarding water
use in Prince George through the environmental planning, environmental science, and
geography programs at the University of Northern British Columbia.

4.5.7

City of Surrey

The drinking water received by Surrey residents is supplied by the Greater Vancouver
Regional District (GVRD) water system. The water is supplied from three watersheds,
Capilano, Seymour and Coquitlam. The GVRD is responsible for acquiring and treating
water, maintaining the supply, ensuring water quality, and delivering water to the
member municipalities. Delivery of the water to consumers within the City of Surrey is
the responsibility of the City.

Surrey Waterworks Regulation By-Law, 1969, No. 2932 (as amended) identifies that all
new service connections require water meters. For new connections, the installation of a
meter is triggered by an “Application for Building” or “Plumbing Permit”. This
requirement for a meter applies to connections to a new or existing service; temporary
service connections; connections that include an underground irrigation system.

For all new connections, the applicant must supply and install all piping, fittings, meter
chamber(s), vault(s), and equipment. The City supplies and installs meters of sizes 19
mm (¾ inch) and smaller, for single-family and duplex residential construction, and
recovers the cost of the meter from the Developer as set out in the City By-law. In all
other cases, the meter is supplied and installed by the Applicant.
Greater Vancouver has twice-weekly lawn sprinkling regulations in effect from June 1st
to September 30th. The even-numbered address, lawn sprinkling is allowed Wednesday
and Saturday, from 4:00 a.m. to 9:00 a.m. and from 7:00 p.m. to 10:00 p.m.; and the oddnumbered address, lawn sprinkling is allowed Thursday and Sunday, from 4:00 a.m. to
9:00 a.m. and from 7:00 p.m. to 10:00 p.m.
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4.5.8

City of Penticton

The City of Penticton Water Utility is considering adjusting its current water rate from
$0.81/ft3 to an inclining block rate for water in the near future. This means that for
residents the volume charge may increase with more water used. The City’s goal is to
reduce the peak demands during the summer months. This is because the City’s Water
Treatment Plant is approaching maximum treatment capacity during the two hottest
weeks of the year (typically the end of July). By minimizing both average daily demand
and peak day demand, the water utility could save millions of dollars in treatment plant
and infrastructure expansions. Along with many other water reduction initiatives, the
City of Penticton launched a pilot project in the spring of 2006 to determine the economic
and environmental benefits of retrofitting 200 homes and businesses with new ultra low
flow toilets. The key goal of the initiative was the reduce the City wide water waste by at
least 1 million litres per year.

Eight months after the launch of the project, results from the data compiled during the
toilet rebate initiative showed that Penticton residents have reduced the consumption of
filtered water by an estimated 3 million litres per year. As of mid-November 2006 a total
of 374 toilets were recycled at the Campbell Mountain Landfill.

In addition to lower water bills, every drop saved provides at least two economic benefits
since water is treated twice. Initially source water is treated at the Water Treatment Plant
and a second time as waste water at the Advanced Waste Water Treatment Plant.
Therefore, by eliminating the excessive volume of water flushed down the drain, the City
can offset costly treatment expenditures at both the treatment plants.
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4.5.9

City of Vernon

Metering Program:

The City of Vernon introduced universal water metering in 1992 with about 6,100
residential meters, 313 apartment meters and 1,400 commercial meters for a residential
population of 30,000. The supply and installation of the meters was publicly tendered and
awarded to Schlumberger at a total cost of $900,000 or about $155 per meter. Water
saving devices (pop-flushers for toilets, low flow showerheads and tap aerators for
bathrooms and kitchens) were installed in conjunction with the meters. After joining the
Greater Vernon Services (GVS) for water supply, mandatory metering was required by
March 31, 2005. A contract for the supply of all meters resulted in a cost of $87 per
meter for the consumers. A resolution requiring the metering of all water for agricultural
use was passed in May 2005.

Ownership of all the meters is kept with the GVS for the life of the meter. The meter
reading is done four times per year. The location and consumption data is provided by
Greater Vernon Services to the Finance Department of each the Vernon and Coldstream
municipalities who process and issue the quarterly billings to the residents.

Water Rates:

For a residential metered service the City charges $25.55 per quarter and a consumption
charge of $0.72/m3. Commercial accounts are assessed a minimum charge based on
meter size, a base rate ($22.52 for first quarter 2007), which is increasing to match the
domestic base rate, and a consumption charge of $0.72/m3. A consumption rate of
$0.22/m3 is charged for non-domestic, non-potable water. The cost for irrigation water is
$0.70/m3 with no minimum charge.
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Alternate Sources:

The City utilizes all effluent from the wastewater treatment plant for land application.
The effluent is sprayed on local golf courses and Ministry of Forests Lands. The City
irrigates about 283 ha (700 ac) of City-owned lands and 809 ha (2000 ac) of land leased
from the Federal and Provincial Governments.

Conservation Programs and Public Education:

In 1998, the City initiated a pilot-toilet replacement program. The program involved the
replacement of older high water use toilets with low flow (6 L/flush) toilets in 100
homes. The City contributed 50% of the total cost of $200 for the toilet installation. The
City conducted a full-scale toilet replacement program in 2000/2001 for all residents.
The total budget for the full-scale program was about $750,000 for the replacement of an
estimated 10,875 toilets. The City subsidized the toilet purchase at $75 for the first toilet
and $50 for the second toilet. The payback period for the residents with reduced water
consumption was estimated to be one to three years. The City estimated an annual
reduction in water usage of 3.2% and an annual sewer reduction of 5%.

Under a 1998 bylaw, the City requires water saving appliances for all new construction.
The bylaw requires 6 L/flush low flow toilets, 9.5 L/min showers, 3.8 L/flush urinals and
8.3 L/min kitchen/bath faucets. Residential sprinkling restrictions are even-day/odd-day
based on street address and in effect for the entire year. The North Okanagan Regional
District and neighboring municipalities participate in the year-round sprinkling
restrictions.

Other water conservation programs include the distribution of showerheads to multifamily units, providing die-tablets to homeowners to check for toilet leaks and
distributing toilet flapper valves. The City has also distributed water conservation flyers
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with the water billings. They educate the public on water conservation, and offer free
water audits.

The City works with the Water Stewardship Committee, a local environmental group
which is made up of representatives from the North Okanagan Regional District, local
municipalities (Vernon, Coldstream and Armstrong) and environmentalists. The
committee organizes public school programs and mall displays, distributes information
flyers to schools, and writes a water conservation article for the local paper. The
committee planned and constructed low water usage (xeriscape) demonstration gardens in
Vernon and Coldstream. The annual budget for the Water Stewardship Committee is
$15,000, which is cost-shared amongst the member municipalities.

The City budget for water conservation varies depending on the planned programs.

Other Programs:

The City participated in a pilot metering project with BC Gas and BC Hydro. Meters for
water, gas and hydro were read from eighty homes in the Silver Star foothills subdivision
using automatic meter reading (AMR) technology. The technology uses low voltage
hydro lines as the data carrier and the information is transmitted by radio and Telus lines
to a database located at City Hall. The database base was accessible by the City, BC Gas
and Telus. The cost of the program was about $500,000 for 80 homes and was found to
be too expensive for widespread use. It was determined that the costs of the technology
would need to be reduced for it to be viable in the future.

Automatic urinals in all area schools have a solenoid valve that is connected to the
bathroom lightswitch on the pipe leading to the urinal tanks. This ensures that the urinal
tanks are only filled during the day, when the bathroom light is on, saving millions of
litres of water annually.
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4.5.10 Summary

A summary of selected British Columbia communities with universal metering programs is
provided in Table 4-7.

TABLE 4-7
SUMMARY OF METERING PROGRAMS
City

Residential
Meters

ICI Meters

City of Nanaimo

22,853 (no distinction)

City of Vernon

18,000

2,000

City of Kelowna

15,000

166

City of Penticton

8,068 (no distinction)

City of Surrey
City of Kamloops
City of Abbotsford

27,822
258
21,000

City of Vancouver

14,000 (no distinction)

4.6

1,521
1,573
3,000

Meter Location
Outdoor
Indoor
80% Indoor /
20% Outdoor
Indoor
Outdoor
Indoor
Outdoor
50% Indoor /
50% Outdoor

Reading System

Bill Preparation

Electronic /
Manual
Electronic

Automatic

Electronic

Manual

Automatic

Electronic /
Manual
Electronic
Manual
Electronic

Automatic
Automatic
Automatic

Electronic

Automatic

Manual

Water Use Efficiency Initiatives in the Kootenay Region

In the southeastern areas of BC, including the Kootenay Region, many municipalities are
using reclaimed water for irrigation purposes and other waste products to reduce
irrigation requirements. The Ministry of Environment, Lands and Parks (MELP)
developed the Municipal Sewage Regulations (MSR) in 1998, and incorporated
regulations about the use of reclaimed water. These regulations provide guidance to
municipalities and encourage them to consider uses for reclaimed water so that potable
water is not used for those purposes. The “Water Use Efficiency and Conservation in the
Kootenay Region of the Canadian Columbia River Basin” report identified four examples
of municipalities taking advantage of reclaimed water.
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•

Tumbler Ridge, which employs a wastewater re-use program for golf course
watering. Not only is potable water not wasted on the course but also through
primary treatment, wastewater actually reduces the quantity of fertilizer required to
keep the grass green.

•

The City of Castlegar is currently undergoing a $4 million dollar upgrade to its
sewage treatment plant and is proposing to use a combination of dried sludge and
wood waste from the local pulp mill as a fertilizer for its playing fields and city
maintained landscapes.

•

The City of Vernon recycles 100% of its treated municipal wastewater for
agricultural, forestry and recreational land irrigation. The city has been in the practice
of using reclaimed water since 1977.

•

City of Cranbrook has been irrigating rangeland with reclaimed water for nearly two
decades.

The City of Castlegar and Tumbler Ridge utilize the waste materials of other processes to
to increase moisture retention in soils. The City of Kelowna’s WaterSmart program also
encourages an increase in the moisture retention capabilities of local soils with their
program to spread Ogogrow compost.

The City of Vernon and Cranbrook greywater irrigation uses are more conventional
applications of greywater reuse. The City of Castlegar and Tumbler Ridge sludge
material spreading also disperse some additional moisture, although these materials
cannot be applied as frequently as the reclaimed water because the sludge material
contains more nutrients. The City of Vernon has been using reclaimed water for
irrigating rangeland, sports playing fields, golf courses and tree nurseries for nearly thirty
years (since 1977 - http://www.waterdsm.org/PDF/ThinkingBeyond_lowres.pdf , 2007-
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01-19). The City of Vernon anticipates saving 50% of the capital cost of its water and
wastewater needs over the next twenty years because of its water reuse initiatives.

The “Water Use Efficiency and Conservation in the Kootenay Region of the Canadian
Columbia River Basin” report presented eleven demand side management (DSM)
methods identified by the Polis Project at the University of Victoria to ensure that supply
meets demand. These methods address outside irrigation by encouraging timers,
moisture sensors (so automatic sprinklers are not activated during a rain event), rainwater
collection in cisterns (etc) for irrigation use and watering restrictions. Indoor water use
efficiency methods include low flush or dual flush toilets, plumbing codes for more
efficient fittings and greywater recycling. The Water Use Efficiency report also
encourages leak detection programs, legislation to enforce water conservation methods
and emphasizes the crucial role education plays in the success of any of these methods.
4.7

American Water Works Association

Several U.S. states and federal agencies have implemented or are considering
implementing water conservation strategies. The American Water Works Association
(AWWA), a voluntary North American Organization with 60,000 members, is actively
involved in water conservation. One of the very recent initiatives is the “Waterwiser, The
Water Efficiency Clearinghouse”, which is a co-operative project of the U.S.
Environmental Protection Agency (USEPA) and AWWA. This program is designed to be
the pre-eminent resource for implementing water use efficiency. Waterwiser offers
services where an array of information is made available to plan, implement and evaluate
water use efficiency programs. The Internet web address is http://www.waterwiser.org.
The various services available through this service are referrals, annotated bibliographies,
literature searches, information packets and fact sheets. The AWWA also encourages
other organizations and institutions to practice water conservation.
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4.8

Web Sites

Water conservation has been a priority in many communities all over North America.
Educating the public has been an efficient way of making these programs successful.
Information mitigated through web pages is a very easy method to reach communities. A
list of web pages that gives some important pointers towards saving water in our
communities is shown in Table 5-8.
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TABLE 5-8
SUMMARY OF SELECTED WEB PAGES
CONCERNED WITH WATER USE EFFICIENCY
Organizations:
•

http://www.waterwiser.org

•

http://www.cwra.org

•

http://www.cciw.ca

•

http://www.cwwa.ca

•

http://www.env.gov.bc.ca/wsd/

•

http://www.cuwcc.org/home.html

•

http://savingwater.org/

Initiatives:
•

http://www.gvrd.bc.ca/water/residential-conservation-initiatives.htm

•

http://www.ec.gc.ca/water/en/manage/effic/e_weff.htm

•

http://www.dep.state.pa.us/dep/subject/hotopics/drought/SavingWater.htm

•

http://www.santabarbaraca.gov/Government/Departments/PW/WCHome.htm

•

http://www.ci.fort-collins.co.us/water/conserv.php

•

http://www.ci.seattle.wa.us/html/citizen/utility_conservation.htm

•

http://www.campbellriver.ca/city_services/engineering_services/water/water_conservation.html

Indoor water savings (fixtures):
•

http://www.cityofaustin.org/watercon/ctoilet.htm

•

http://www.laundrywise.com/

Outdoor water saving tips:
•

http://aggie-horticulture.tamu.edu/extension/xeriscape/xeriscape.html

•

http://www.rainbarrelguide.com/
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CITY OF REVELSTOKE
WATER CONSERVATION STUDY

5.0

EVALUATION OF WATER CONSERVATION MEASURES

Conservation measures affect both average and peak period water usage and sewage flow. The
potential effects on water conservation measures on these utilities are as follows:
•

reduced demands on water sources;

•

reduced operation and maintenance costs for power, chemicals and general maintenance;

•

reduced flows to the City’s wastewater systems;

•

reduced or delayed capital expansion costs for the water system and the wastewater system;
and

•

5.1

reduced rate of water demand increase.

Implementation of Options and Costs, Overview

The procedure to perform a cost-benefit analysis of water conservation measures is well
documented. The steps are listed below.

1.

Describe the water conservation measure in detail.

2.

Estimate the cost for implementing the conservation measure being considered.

3.

Estimate the ongoing costs to achieve implementation of the conservation
measures.

4.

Estimate the water savings.

5.

Using the marginal cost (value) of saved water, estimate the benefits associated
with the water savings.
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6.

Perform a present worth analysis and compute the cost/benefit ratio. Present worth
is the present day value of a future expenditure. The use of present worth allows a
comparison on a similar basis of potential measures with varying future capital and
O&M expenditure amounts and expenditure dates.

Unit water savings and the costs of conservation measures are available from the literature.
Typical values which were used in this study for the City of Revelstoke are shown in Table
5-1. The water savings shown in the last column of Table 5-1 show the reduction for nonwater conserving users. Actual savings vary with household size, current devices, and
technologies in use. An estimate of the annual reduction of water associated with various
water conservation measures, the estimated cost of implementing the measures to achieve the
reduction, and the estimated savings to the utility are discussed in the following sections.
Table 5-5 at the end of Section 5 provides a summary and cost-benefit analysis of the
measures discussed below.
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TABLE 5-1
TYPICAL COSTS AND WATER SAVINGS
FOR DEMAND MANAGEMENT MEASURES
Approximate Water Savings
Measure
Unit Cost per Installation
per Installation, Percent
Retrofit Kits (indoor and
$75 rebate per kit (indoor) 10% of indoor use
outdoor)
$60 rebate per kit
5% of outdoor use
(outdoor)
Ultra Low Flush Toilets
$350 per toilet1
15% to 20% of indoor use
3
Toilet Rebate Program
$100 per toilet
15% to 20% of indoor use
New Plumbing Code
cost for development of
30% of new indoor use
bylaw
Water efficient clothes
$1003
25% to 40% of water use for
washer rebate
laundry
3
Water efficient dish washer $100
10% to 50% of water use for
rebate
dish washer
1
Residential Water Audits
$130 per house
10% of indoor use
5% of outdoor use
2
Industrial Water Audits
$500 to $1,500 per site
Up to 30% of ICI use
2
Large Landscape Water
$250 per hectare
15% to 20% of outdoor use
1
Audits
$750 per site
Public Education
$0.65 to $1.30 per
2% to 5% of total use
customer per year
School Education
$0.65 to $1.30 per student Less than 1% of total use
Universal metering
$800 to $1,1001 per
10 to 40% of total use
(residential meters)
service connection
Leak Detection and Repair Varies with size of system Reduce unaccounted for
Program
and extent of leakage
water to 10% of total
demand
Zone Metering and
Varies with size of system 5% to 10% of total
Pressure Management
Retrofit bleed water control $130 to $250 per unit
30% of bleed water
devices to existing houses.
1
2
3

Assumed
Amy Vickers, 2001
Assumed rebate to consumer
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5.2

Methodology for the Evaluation of Demand Management Measures

Each of the demand management measures described in the following sections was
evaluated as described in this section. A summary of the evaluation is shown in Table
5-5 at the end of Section 5. For each measure listed in Table 5-5, the portion of the total
water demand that would be affected by the measure was identified (e.g., indoor use, total
annual use, etc. – see Column A in Table 5-5). The typical water saving as a percentage
of the appropriate portion of total demand was based on Table 5-1 (see Column B in
Table 5-5). A life expectancy period was identified for each measure, based either on the
typical life of mechanical equipment (e.g. water meters) or an assumed project life (e.g.
20 years for bylaws, 10 years for water audits, etc. – see Column I in Table 5-5). The
average annual water use for each category of demand over a 10 year, 15 year and 20
year period was developed from the City per capita demand data and from population
projections. Table 5-6 shows the average water demand for the 10 year, 15 year and 20
year periods for each general category of use. This value (Column C in Table 5-5)
together with the percent water savings (Column B) was used to calculate the annual
water saving for each measure (Column D) and the total saving over the life expectancy
period expressed as a total annual volume (Column E) and as a percentage of total annual
use (Column F).

The variable cost of water over the next 10 years (Column G in Table 5-5) was then used
to estimate the dollar value of the annual water saving attributable to each measure
(Column H). The potential number of years that capital water woks (listed in Section
2.9) could be delayed by a particular conservation measure was estimated from the
reduction in annual demand (Column F). The resulting savings is expressed as a present
value in Column J.

The costs of each measure were also expressed as a NPV over the appropriate period
(including capital and O&M – see Columns L through R in Table 5-5). The cost benefit
ratio was then calculated by dividing the NPV of the cost by the NPV of the benefit
(Column S). Where the ratio is less then unity, the measure is shown to be financially
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beneficial and will result in an overall saving over the period identified. A cost-benefit
ratio greater than 1 means that the costs are higher than the benefits. Nevertheless, it is
also a political and environmental decision to determine which water conservation
measures should be implemented.

Discussion of the individual water saving measures that are summarized in Table 5-5 is
contained in Sections 5.3 through 5.13 below.

5.3

Water Use Bylaws

5.3.1

Existing Bylaws in the City of Revelstoke

Water Regulations Bylaw No. 1643-2000

The City’s Water Regulation Bylaw No. 1643-2000 (Appendix B) regulates the extension
of connections to the water works of the municipality, and it defines connection fees and
user rates for use of the water works

The following components of the bylaw are relevant to water conservation:

a) 5.04 The use of water-powered grinder, non-recirculation air conditioners or
refrigerators, injection pumps, water powered pumps or the discharge of water for
sprinkling or irrigation purposes through an open ended hose, pipe or other such
receptacle or fixture, are hereby specifically prohibited.
b) 5.09 Prepare new buildings for the installation of water meters.
c) 5.10 The City may order the installation of water meters. Access, rates etc. are
regulated.
d) 5.12 All Consumers shall restrict sprinkling of lawn, trees, shrubs and gardens: even
numbered property addresses or even numbered calendar days, and odd numbered
properties on odd calendar days, between 6:00 a.m. to 10:00 a.m. and 6:00 p.m. to
10:00 p.m.
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BC Building Code

The BC Building Code is effective to all new buildings in the City. There is no
requirement for ultra low flow installations for existing buildings at present.

5.3.2

Recommendations for Bylaws

A possibility is to require ultra low flow installations in new or renovated buildings to
reduce residential indoor water use. A further possibility is to adopt a new bylaw
requiring home water audits and retrofits with every house resale (see Item 1.1 in Table
5-5).

To reduce system bleeding, the City could replace watermains and pipes to a deeper
depth or install insulation to coincide with capital projects such as road improvements.
The City could require insulation of pipes for new built homes or for replaced service
connections.

There is a possibility to further reduce peak demand in summer by implementing bylaws
that require a certain percentage of drought-tolerant landscaping for all new construction,
and moisture sensors for all irrigation systems. Priorities for targeting residential,
agricultural and ICI users in the water systems are discussed in Section 5.4. The
sprinkling restrictions in Bylaw No. 1643 (Item 1.2 in Table 5-5) could be extended to
restrict the amount of water (e.g., to 25 mm per watering period); however, this would be
difficult to implement and enforce in practical terms. A bylaw could also limit the
amount in percent (e.g. 35%) of the total landscaped area allowed to be planted with
high-water-use turf and plants for new developed sites.
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5.4

Water Audits

Water audits are not in themselves water conservation measures; however, water audits
provide the information needed to develop and implement water saving measures aimed at
specific aspects of water consumption by residential, agricultural and ICI users. The costs
discussed below for the various types of water audits include only the cost of conducting
the audit. It was assumed that the additional cost of implementing water saving measures
based on the results of the audit would be borne by the water users. A cost-benefit ratio
was not calculated for water audits, since the cost of implementing the resulting measures
in unknown. However, the audits were identified as high priority measures, since they are
essential tools in identifying opportunities for water conservation (see Column T in Table
5-5).

5.4.1

Residential Water Audits

Residential water audits can reduce both indoor and outdoor water use by homeowners. A
typical residential water audit includes a review of the residential water use pattern and
billing, a leak check of the water connection (with the help of a water meter or other
suitable measures), leak check of toilets, and an outdoor landscape and sprinkler
assessment. The implementation of residential water audits was estimated to cost $130 per
connection. The estimated indoor water saving is about 10% of indoor use and about 5%
of outdoor use. For the purpose of this study, it was assumed that residential water audits
would be carried out on 100 homes as an initial measure (see Items 1.3 and 1.4 in Table 55).

5.4.2

Water Audits for ICI Users

The first step in conducting water audits aimed at ICI users would be a co-operative audit
with the larger users on ways to reduce water use. For example, the strategy to reduce
the amount of water used for irrigation could range from optimizing irrigation schedules
to using alternate cost effective water sources such as treated sewage effluent. At the
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same time, pricing as a measure to conserve water for ICI could be introduced. The
increasing cost would motivate consumers to affect savings.

Water audits for large (ICI) water users include a visual inspection of the system while it
is operating to determine present water uses, losses, and conservation practices and to
recommend improvements. A water audit serves as a starting point for identifying losses
and implementing useful water efficiency practices. Based on the water audit, a
cost/benefit analysis of potential water conservation measures can be made. Based on the
cost/benefit analysis, a long range plan for the high use user can be prepared. An audit
for ICI water users would include an evaluation of the following:
•

plumbing fixtures;

•

cooling and heating systems;

•

laundry facilities;

•

water use processes;

•

other indoor water uses; and

•

type of irrigation system, irrigable landscape area.

ICI Water Audits are recommended for the following users:
•

hotels, motels and restaurants;

•

apartment complexes;

•

schools, sport centres, parks;

•

ski resorts;

•

hospitals, nursing homes;

•

irrigation systems (nurseries, greenhouses, agricultural users); and

•

other high water use industry or commercial enterprises.
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The GVRD provides a standardized water audit template (GVRD, Standardized ICI
Water Audit Process, Stantec Consulting Ltd., May 2006). The basic steps for an ICI
water audit are described below (Amy Vickers, 2001):

Industrial, commercial and institutional (ICI) users per category within the City are listed
in Table E-6 and E-7 in Appendix E. Those users should initially be targeted for a water
audit. An estimated 20 users would initially be targeted in the City.

Based on a cost of $1500 per site and assuming 20 higher use connections could benefit
from an audit, it would cost about $30,000 to implement ICI water audits. The potential
saving was assumed to be up to 10% of the ICI water demand, which would vary at each
site (see Table 5-5, Item 1.5). Water audits for this sector should concentrate on some of
the major water users, e.g. Downie Timber, Revelstoke Golf course (Golf Course well),
schools, and hospital.

A water audit at an ICI facility can take four to eight hours of site work followed by
analysis and paper work. The time required for the water audit may vary depending on
the size and type of the facility. For example a site with irrigation system would require
more time for auditing. The basic steps in conducting an audit and launching an effective
water conservation program at an ICI facility are as follows:

1.

Obtaining support from the ICI facility’s possessors and employees.

2.

Gathering pre-audit information collection on water and sewer
consumptions/flows and billing history, water and sewer rate structures,
facility/process drawings or schematics.

3.

Conducting an on-site inventory of water use by collecting meter reading records
for all on-site meters. The inventory should contain information on each water
using process, inefficiencies and leaks, alternative water sources, seasonal
variations, opportunities for water treatment and reuse or direct reuse, need for
education and behaviour-oriented conservation initiatives.
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4.

Calculating costs associated with water use including water and sewer services,
energy costs, chemical treatment costs, and waste pretreatment.

5.

Identifying and evaluating all potentially feasible water-efficiency measures for
each water using activity.

6.

Evaluating payback periods using life-cycle costing for implementing the water
conservations measures.

7.

Preparing an action plan for the ICI facility’s water management clearly stating
the program’s goals, the water efficiency measures to be implemented, projected
water savings, benefits and costs associated with the efficiency measures. The
action plan should be reviewed by the clients and implemented immediately once
the action plan has been approved.

8.

Regularly monitoring the results of the water efficiency measures to determine
reductions in water use. Keeping the employees informed by announcing the
water savings in employee bulletins, corporate reports, publications of the
facility’s trade and professional organizations, and press releases to the media.

5.5

Water Metering

An effective water pricing system relies heavily on water metering. Installing water
meters and billing for water service based on the volume of water use provides a strong
incentive for customers to use less water than if they are billed on a flat-rate basis.
Several variables may contribute to the water savings, including housing type, lot size,
climate, and season. A typical reduction of 10% to 40% in total water use by metering
can be expected, provided that appropriate pricing policies are in place. In areas
requiring water for landscape irrigation, savings in the spring and summer are usually
much greater than in the fall and winter. Sprinkling and related uses affect the maximum
day and peak hour use to a much greater extent than the actual volume of use. However,
water used for sprinkling has no effect on wastewater generation.

A metering system has several potential benefits to a municipality. Some of the
identified benefits are as follows:
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a) allows the municipality to charge fairly for water based on consumption;
b) encourages water conservation;
c) reduces water demand and may delay capital expenditures on major improvements to
the sewer and water system;
d) allows the municipality to manage the water system more efficiently;
e) allows the municipality to account for system leakage; and
f) may reduce variable operation and maintenance costs.

A reduction in water use after meters are installed is typically most substantial during the
first year following installation. However, if post-metering water prices are kept low,
there is little incentive for decreasing water use. 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.

This section includes a review of metering technology and types of metering (universal, ICI
and high use) as well as estimated costs for implementation and operation of a metering
program.

5.5.1

Trial Metering Program in the City of Revelstoke

In 2002, the City of Revelstoke conducted a trial metering program for 22 connections.
This metering program was a recommendation in the D&K 1998 water use efficiency
study. The goal of this volunteer metering program was to better understand the water
consumption rate and pattern in Revelstoke. The results are shown in Table G-1 in
Appendix G. An average unit demand of 400 L/c/d was estimated from the program for
residential users. This unit demand is low compared to an estimated use of City-wide
600 L/c/d for residential users, and the average unit demand of 900 L/c/d including ICI
that was calculated based on the historical water consumption and population. It is
suspected that the higher unit demand (900 L/c/d) was due to the contribution of major
water users (ICI or non-metered residential). Therefore further investigations should be
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undertaken to better understand the water use in the City and to implement the
appropriate water conservation measures.

5.5.2

Metering Technology

Electronic remote meter reading can be achieved using electronic hand-held data capture
devices or interrogators. Meter information stored in the hand-held device is then
transferred through a PLC interface device to computer storage using menu driven
software. This eliminates the step of manually transferring meter reading data into the
computer.

The hand-held units capable of interrogating encoded registers are available as pin-type
units or with a probe for use with a touchpad. The touch system is the preferred remote
reading interface. A remote touchpad can be installed on an outside building wall, or in
existing metal, concrete or composite vault lids. The touch system enables one person to
read an inside or underground meter in a matter of minutes, without the need to enter a
premises or open a vault lid. In situations where it is not possible to obtain a meter read
through the touchpad module, the meter reader can manually keypunch meter information
into the interrogator. It should be noted that automated readers among various meter
suppliers are not normally directly compatible with each other, but, in some instances,
adaptors are available for attachment to the interrogator, which will allow a meter reader to
electronically read different manufacturer’s meters. The reliability and effectiveness of
such systems under field trials is unconfirmed.

Information from the interrogator is typically transformed to a Personal Computer (PC)
using a downloading rack, which serves as an interface between the interrogator and
computer. Programming of the interrogator and data transfer through the downloading rack
interface is accomplished using information management software.
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5.5.3

Water Meter Design

Water meters are designed to deliver a maximum flow for short periods of time, with a
lower flow capacity for sustained usage without damage occurring to the meter. The
American WaterWorks Association has established standards for water meters based on
flow capacities and maximum pressure losses. The selection of the type and size of meter
should be based only on the flow requirement and the type of use, and not on the pressure
loss through the meter. Oversizing a meter to lower the pressure loss can result in
unregistered water use during low flow periods. The positive-displacement-piston or disctype meter are the most widely used, because they are adaptable to residential and other
customers who experience long periods when no water is used. Based on the recent
studies, it appears more important to have a metering device that delivers sustained longterm accuracy at typical flow rates, rather than one that measures accurately at very low
flows. A summary of the flow capacities for positive displacement meters is presented in
Table G-2 in Appendix G.

Current and propeller meters, which do not register low flow, are suitable when the water
usage is without low flow periods. Compound meters are a combination of the positive
displacement and the current type meters, and they have lower head losses than the
displacement type. Compound meters have high maintenance requirements, and they must
be carefully selected to provide economical service. Fire-line meters have previously
consisted of proportional meters; however, fire insurance companies have recently
recognized turbine meters that are equipped with strainers as acceptable fire-line meters. A
suggested list of various types of use for each meter installation is shown in Table G-3 in
Appendix G.

The use of water meters in conjunction with residential fire sprinklers can be a concern,
since head losses in the meter can result in too little pressure for the fire sprinkler system
design. To address this issue the use of 25 mm and 38 mm water meters have become the
most common for homes with residential fire sprinklers. The Underwriters Laboratory
(UL) is developing a standard for the testing of residential meters for fire sprinkler
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applications.

To address the fire flow issue, some municipalities such as White Rock have installed a
dedicated unmetered water service to the fire protection system. Issues related to backflow
prevention must be addressed at the connection between the sprinklers and the domestic
supply. The City of Burnaby has permitted the fire protection system to supply a fixture at
the end of the system, preventing water stagnation and negating the backflow prevention
requirement. However, the application of a meter by-pass would not be practical for such
an installation. The District of West Vancouver has connected a single water supply
through a positive displacement meter, servicing both the fire sprinkler system and the
domestic water supply. The City of Surrey installed a meter by-pass with a “tattle-tail”
device to assess if the homeowner had connected a domestic system to the fire protection
supply. Manual reading of such a device becomes labour intensive, thus compromising
enforcement.

5.5.4

Metering Options

The following options are available to the City for metering:

1)

ICI Metering (Item 2.1 in Table 5-5) - metering of industrial, commercial and
institutional users only. This option allows the City to meter all ICI customers and
the larger residential connections, but not the majority of residents.

2)

Universal Metering (Item 2.2 in Table 5-5) – metering of all single-family, multifamily, commercial and institutional users. This option has the highest capital cost
but it will provide the City with demand information from all users and encourage
water use efficiency from all users.

3)

Zone Metering (included in Item 7.2a and 7.2b in Table 5-5) – metering of water
use based on pressure zones, or selected isolated zones. This option allows the City
to assess leakage in different zones of the system. It also can be combined with
pressure management to reduce leakage during periods of low water demand if the
pressure zones are metered (see Section 5.6 for discussion of zone metering).
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5.5.5

ICI Metering

There are approximately 300 ICI service connections in the City of Revelstoke. A
summary of estimated costs to purchase water meters for ICI users in the City is shown in
Table 5-2. The purchasing cost of a meter for ICI use is estimated at $1,600. The costs
for installation is not included, because it can vary widely depending on the service
options available for installation. The estimated operational and maintenance cost is
estimated to be $12,500 as shown in Table 5-2.

Item
1
2
3

1
2
3

TABLE 5-2
CAPITAL COST OF ICI METERING
Capital Costs
Purchasing 300 outdoor meters at $1,600
Billing system and program implementation
Metering testing apparatus
TOTAL ESTIMATED CAPITAL COST
Meter reading assuming 5 times per year @
$500/cycle.
Meter repair and testing
Administration
TOTAL ANNUAL O&M COST

Cost
$480,000
$35,000
$20,000
$535,000
Electronic Read
$2,500
$5,000
$5,000
$12,500

As shown in Table 5-5 at the end of Section 5 (Item 2.1, Column S), the cost benefit ratio
of ICI metering is approximately equal to 1. The City may therefore consider
implementing a policy to identify high use water users and selectively meter those ICI
connections to better understand and manage the water system. However, it is important
to emphasize that the installation cost of the ICI meters was not included in this analysis.

5.5.6

Residential Metering

Metering of all water services is an effective means of improving and maintaining the close
control of water system operations. Metering also allows the City to develop a database for
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system performance studies (e.g., leakage assessment), for planning future facilities, and to
aid in the evaluation of conversation measures. It also improves accountability for water
delivered through the system, and it therefore facilitates management decisions. Metering
in conjunction with a pricing rate structure has the biggest potential to influence water use
patterns. Benefits associated with universal metering include the following:

a)

allows the City to charge fairly for water on the basis of consumption, thus
encouraging conservation and allocating costs on an equitable basis;

b)

reduces demand and may delay capital expenditures for further source treatment;

c)

allows the City to undertake a water audit and identify unaccounted for loses; and

d)

allows the City to better manage the water supply system.

There are potentially many benefits of installing outdoor water meters. An outdoor water
meter will register the outdoor water use (such as water used for irrigating the lawn),
which an indoor water meter may not register. Outdoor water use is the main reason for
increased water demand in summer. In addition, since the property owner is responsible
for the water service connection maintenance from the property line to the entrance of the
residence, it is to the benefit to the property owner to repair any leaks in the service
connection inside the property line.

The cost associated with universal metering includes purchase and installation of the
meters, as well as purchase of an electronic meter reading system. An outdoor meter
installation involves locating a meter assembly in each residence at the property line and
in a location accessible for meter inspection. The degree of retrofitting and the cost of
the property improvements and modifications needed to install the meter are site-specific.
For the purpose of this study, a cost of $800 per meter was assumed (including outdoor
chamber, installation, etc.).

Based on experience in other municipalities, it would take about 8 days to read the 3,214
meters in the City of Revelstoke if universal metering were implemented, (assuming that an
electronic remote reading system was used). Allowing for 2 days of rereads, the total time
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would be 10 working days. Based on a cost of $30/hr, the total cost would be about $2,250
per cycle, using electronic remote reading and manual billing. The bill preparation costs
would be less if automatic download to billing software were used. The budget
(allowance) for purchase of separate billing software should be about $35,000.

A summary of capital and operating and maintenance costs for establishing a universal
metering program with encoded head meters is shown in Table 5-3. As shown, the
estimated total capital cost of universal metering assuming a cost of $800 per meter is
about $2.9 million, based on the assumption that all 3,000 residential service connections
would have meters installed. The estimated annual operation and maintenance costs are
about $24,000 per year. If the water meter cost was $1,100 per meter, the capital cost
would increase to $3.5 million.

Item
1
2
3
4

1
2
3

TABLE 5-3
CAPITAL COST OF UNIVERSAL METERING
Capital Costs
Purchase and install 2916 residential outdoor meters @ $800 each
Billing system and program implementation
Metering testing apparatus
Purchase ONLY 300 ICI meters @ $1,600 each
TOTAL ESTIMATED CAPITAL COST
Meter reading assuming 5 times per year @ $2,250/cycle.
Meter repair and testing
Administration
TOTAL ANNUAL O&M COST

Cost
$2,333,000
$35,000
$20,000
$480,000
$2,868,000
Electronic Read
$12,000
$6,000
$6,000
$24,000

Two scenarios for residential water metering were evaluated in this study. Scenario A
assumed a water saving of 10% of annual use attributable to residential metering and a
meter cost of $1,100; this resulted in an unfavourable cost benefit ratio of 5.38 (see Item
2.2a in Table 5-5). Scenario B assumed a water saving of 20% of annual use and a cost of
$800 per meter; this resulted in a cost benefit ratio of 1.51 (Item 2b in Table 5-5). This
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shows the cost-benefit ratio of this measure is highly sensitive to the assumptions made
regarding water savings and installation costs.

5.5.7

Zone Metering

Installing meters to monitor water consumption in designated sectors of the water supply
system will have a significantly lower cost than universal metering. Zone metering does
not allow billing of unmetered customers on the basis of volume used, but it does provide
valuable information regarding which areas of the water supply system should be
identified as high priorities for water conservation measures. Zone metering can also
allow an assessment of system leakage in designated areas. Leakage is further discussed
in Section 5.6 below. Zone metering in conjunction with pressure management is
discussed in Section 5.7.

5.6

Leak Detection

As discussed earlier in this report, system leakage can place a significant demand on the
water system. Some of the leakage can be assumed to be associated with defective
plumbing fittings on private property. Leak detection and repair are very important
methods used to monitor the unaccounted for water in a distribution system. Since leaks
usually get bigger with time, the quantity of water saved is actually greater than the
quantity calculated at the time of repair.

As described earlier in this report, the Watermain Leakage Survey undertaken by Heath
Consultants Ltd. in 1997 estimated the charge at 9% to 16 % of the daily consumption at
that time. Leakage was believed to be reduced following repair of hydrants. The study
also indicated that leakage in mains would likely be neglible.

The cost of leak detection depends on numerous factors that are specific to each system.
There is currently insufficient information available to develop a detailed leak detection
program for the City or to accurately estimate the leakage. However, the measures
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described in Section 5.7 regarding pressure management (and zone metering) will
provide the City with valuable information regarding leakage in specific sectors of the
system. This information can then be used to assist in pinpointing specific areas of the
system for leak detection and reduction. An initial budget of $20,000 is suggested for
leak detection in the City of Revelstoke (see Table 5-4, Item 7.1 Column N).

5.7

Zone Metering and Pressure Management

High water pressure is a contributing factor to background leakage (e.g., from pipe joints
and breaks in water mains). The flow rate of any leak is dependant on the size of the leak
and the pressure that is applied to the system. Research has shown that by managing
water pressure, suppliers can reduce leakage, reduce the number of unplanned
interruptions, improve the reliability of public infrastructure, and even prolong the life of
appliances. Pressure management includes the following elements:
•

pressure and flow monitoring using computer software;

•

maintaining pressure at slightly greater than the minimum standard of service;

•

operating discrete pressure zones configured based on topography;

•

limiting maximum pressure levels or surges in pressure; and

•

pressure reduction during periods of low demand (e.g., at night) where feasible to
reduce losses from small background leaks.

Intelligent pressure management uses time and flow modulated pressure reducing valves
to regulate the system pressure. Pressure reducing valves can also be controlled from a
remote pressure sensor. The objective is to automatically reduce system pressure during
periods of low water demand (e.g. at night), which will help to minimize system leakage
without repair or replacement of piping and appurtenances.

The City can potentially reduce leakage by adopting a pressure management program.
Since intelligent pressure management requires on-line flow monitoring for each pressure

Page 5-19

1.48 ©2007

zone, an additional benefit will be the collection of continuous flow data that can be used
to assess system leakage in specific sectors of the system during periods of low water
demand.

There are two existing PRV stations in the City water system. The cost for retrofitting
the existing PRV stations for pressure management is estimated at $20,000 per station,
which would include a controller and computer programming. These PRV stations
already incorporate flow meters and links to the City’s central computer monitoring and
control system. To manage pressure in Zone 1, the Trans Canada Highway reservoir has
to be isolated by installing an automated solenoid valve at an estimated cost of $20,000.

As discussed in Section 5.5.7, flow meters can be installed to pinpoint leakage and to
estimate water consumption for specific areas. Proposed flow meter locations are
illustrated on Figure 5-1. The estimated cost for each flow meter is $40,000.

With this flow data the City will be able to set priorities for water conservation measures
in specific areas, as well as leak detection and repair.

TABLE 5-4
ESTIMATED CAPITAL COSTS FOR PRESSURE MANAGEMENT
Cost for
Number of PRV
Number of
Implementing
Zone
Zone HGL
Stations
Connections
Pressure
Management
1
535 m
1
3,070
$40,000
2
580 m
1
144
$20,000
Zone Metering
(4 new flow meters)
$160,000
TOTAL
$220,000
Zone metering and pressure management are included at the end of Table 5-4. As shown,
assuming a 3% saving in annual water use as a result of pressure management (Item 7.2a,
Column B) results in a cost-benefit ratio of 0.50 (Column S). If a water saving of 5%
could be achieved (Item 7.2b), the cost-benefit ratio would improve to 0.38.
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5.8

Reduction in System Bleeding

For this study, the annual bleed water consumption was assumed to take place over a
three month period in about 400 connections (D&K, 1998). At an assumed water savings
of 30% of current usage, the City could spend about $100 per connection to achieve a
cost-benefit ratio of about 1 for bleed water reduction (see Item 6 in Table 5-5). This
provides the economic background for a technical evaluation of available systems.

Possible bleed water regulating devices capable of being retrofitted to existing homes and
which can deliver the level of savings within the cost range indicated should be identified
and evaluated. Note that the value of bleed water control is dependant on whether winter
or summer demand will trigger a capacity increase. In Revelstoke, summer capacity is
critical for the system and therefore no short-term measure to retrofit all existing
connections with bleed water reduction is needed. Nevertheless, the waste of drinking
water by bleeding should be decreased over time.

As described in Section 5.3.2, to reduce system bleeding a deeper depth of installation of
water pipes or insulation of pipes for new built homes or for replaced service connections
should be required by a City bylaw.

5.9

Rebate Programs

Rebate programs can motivate water users to implement water conservation measures.
Possible programs to implement include the following:
•

retrofit kits (water saving kits for indoor and outdoor);

•

ultra low flush toilets rebate;

•

high efficiency clothes washer rebate;

•

high efficiency dishwasher rebate;

•

retrofit rebate programs for ICI users;
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•

rain barrel program;

•

grants for community waterwise gardens; and

•

grants for agricultural and commercial conservation projects (efficient landscape
rebate, efficient irrigation rebate).

The water savings resulting from educational programs could be higher in combination
with financial incentives, e.g. with a universal metering system and an appropriate rate
structure.

5.9.1

Retrofit Kits for Indoor Water Use

The goal of a retrofit program is to encourage users to install low water use showerheads,
faucets, and toilet dams to reduce the volume of water used in existing homes. The typical
cost is $75 per retrofit kit. BC Hydro and BC Gas have an interest in this type of water
conservation measure, since it leads to a reduction in hot water use and a consequent saving
in electricity and gas consumption.

A water saving of 10% of indoor usage by toilets, faucets and showers and a rebate
program by the City of $75 per retrofit kit was assumed for the cost benefit analysis. As
shown in Table 5-5 (Item 3.1), the cost-benefit ratio of the indoor retrofit kits is 0.39
(Column S), and priority is rated as high.

5.9.2

Ultra Low Flush Toilets

A program to retrofit low water use toilets could be undertaken as a voluntary measure by
the City. Toilets being replaced would have to be 13 litres per flush or greater, and the new
ones would be 6 litres per flush or dual flush CSA or Warnock Hersey approved toilet. The
cost per toilet has been identified as $350 (including installation cost). A rebate program of
$100 per toilet would help to motivate users to implement this measure. A saving of 15%
of indoor water use was assumed for the cost-benefit analysis (see Item 3.2 in Table 5-5).
The cost benefit ratio of this measure is 0.58 (Column S).
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Table 5-4
Cost-Benefit Analysis for Demand Management Measures, Revelstoke with RMR
Annual Demands with Revelstoke Mountain Resort (RMR)
Average Annual Demand
Average Outdoor Demand
Average Indoor Demand excluding leakage
Leakage (10% of annual water demand)

Total 2005
2,415,547
346,600
1,706,615
362,332

Total 2015
3,819,498
548,048
2,698,525
572,925

Total 2020
4,780,195
685,896
3,377,270
717,029

Total 2025
5,462,760
783,835
3,859,511
819,414

Build-out
8,007,884
1,149,027
5,657,674
1,201,183

m3
3
m
3
m
3
m

Residential, Annual Demand excluding Leakage
Residential, Outdoor Demand
Residential, Indoor Demand
Indoor Use of new built homes (demand linear with population)

m
3
m
3
m
3
m

1,375,654
232,222
1,143,432

2,175,204
367,192
1,808,012

2,722,321
459,550
2,262,771

3,111,042
525,170
2,585,872
981,637

4,560,490
769,848
3,790,641

Non-residential, Average Annual Demand
Bleed Water, assumed 2% of average annual demand

m
3
m

3

677,561
48,000

1,532,304
86,688

2,246,211

3

1,071,369

1,340,845

Estimated Percentage Breakdown
of Indoor Water Use (based on AWWA):
Toilets:
26.7%
Household Plumbing Leakage
13.7%
Baths:
1.7%
Faucets:
15.7%
Dishwasher:
1.4%
Clotheswasher:
21.7%
Shower:
16.8%
Other:
2.2%
Total:
100.0%

Measure

Affected Water
Use

B

C

Water
Saving

E

F

G

H

Average
Annual Water Total Annual Annual Water
Variable
Annual Water
Savings per Water Usage Savings in %
Usage over
Water Costs
7
Installation
of
Total
Use
over Period
Period4
m3/y

%
1 Bylaws, Policies and Programs
1.1 New Building Bylaw to require ultra low water New Indoor
use fixtures
Use: Toilets,
Showers,
Faucets
1.2 Water Regulations Bylaw No. 1643-2000,
Residential
Sprinkling Regulations
Outdoor Use

D

m3/y

3

$/m3

%

7,000
6%
2,692
3,214
298
2
596

5

Number of residential households
Number of service connections
Number of ICI connections
No. toilets per residential property
Number of toilets in ICI properties
2015 Service Population
2020 Service Population
2025 Service Population
Build-out Service Population

12,731
16,800
19,019
26,712

Cost of Measure

Benefit of Measure
A

Assumptions
2005 Service Population
Discount Rate (used in calculating NPV)

I

Annual
Savings

Period1

$/y

years

J

K

Savings from
Savings
Delayed Capital
Infrastructure
O&M, NPV2
Costs, NPV

Cost-Benefit

L

M

N

O

P

Q

R

S

T

Unit

Unit Cost

Quantity

Initial Cost

O&M Cost

NPV of O&M
Cost

Total Cost

Cost-Benefit
(cost/benefit)

Comments

$

$

$

$

$

$

30%

245,500

73,650

3,939,000

2%

0.14

10,311

20

no significant
impact

118,266 Develop and
Enforce Bylaw

0

10,000

114,699

114,699

0.97 Cost to maintain bylaw

20%

379,000

75,800

3,939,000

2%

0.14

10,612

20

no significant
impact

121,719

Sprinkling
Regulations

0

5,000

57,350

57,350

10%

1,476,000

147,600

3,118,000

5%

0.14

20,664

10

-

152,089

Household

130

100

13,000 6

-

-

13,000 6

-

5%

300,000

15,000

3,939,000

0.4%

0.14

2,100

10

-

15,456

Household

130

100

13,000 6

-

-

13,000 6

-

90,058

ICI user

1,500

20

30,000 6

-

-

30,000

6

-

0.47 Implemented; Cost to
maintain lawn sprinkling
enforcement
Use Best Practice to
identify opportunities; cost
for audit for 100 households
as a sample
Use Best Practice to
identify opportunities; cost
for audit for 100 households
as a sample
Use Best Practice to
identify opportunities; cost
for audit for about 10% ICI
users

1.3 Residential Water Audit 6

Indoor Use

1.4 Residential Water Audit 6

Outdoor Use

1.5 Non-residential (ICI) Water Audits 6

Annual ICI Use

10%

874,000

87,400

3,118,000

3%

0.14

12,236

10

-

Non-residential,
Annual Use

10%

1,009,000

100,900

3,598,000

3%

0.14

14,126

15

359,453

137,195

Service
Connection

-

298

535,000

12,500

121,403

656,403

2.1b Metering, ICI

Non-residential,
Annual Use

20%

1,009,000

201,800

3,598,000

6%

0.14

28,252

15

359,453

274,390

Service
Connection

-

298

535,000

12,500

121,403

656,403

2.2a Residential Metering

Residential
Annual Use

10%

2,049,000

204,900

3,598,000

6%

0.14

28,686

15

359,453

278,606

Service
Connection

1,100

2,916

3,207,600

23,000

223,382

3,430,982

2.2b Residential Metering

Residential
Annual Use

20%

2,049,000

409,800

3,598,000

11%

0.14

57,372

15

1,136,728

557,211

Service
Connection

800

2,916

2,332,800

23,000

223,382

2,556,182

Indoor Use
(Toilets,
Showers,
Faucets)
Toilets

10%

1,476,000

147,600

3,118,000

5%

0.14

20,664

10

359,453

152,089 Households

75

2,692

201,923

201,923

0.39 Water Wise kits, assumed
$75 rebate

15%

1,143,432

85,757

2,415,547

4% 7

0.14

12,006

20

325,617

137,708

2,692 7

269,231

269,231

0.58 Rebate for retrofit with 6 LF
toilets, reduction on water
use 2005

2 Metering
2.1a Metering, ICI

3 Residential Indoor Use
3.1 Indoor Retrofit Kits (Water Wise Kits)

3.2 Retrofit Ultra Low Flush Toilets, Rebate
Program7

Dayton & Knight Ltd.

Toilet

100

1.32 ICI meters: Sensitivity of
metering; 10% saving,
higher initial and O&M
costs, Installation cost not
included
1.04 ICI meters, Installation cost
not included
5.38 Sensitivity of universal
metering; 10% saving,
higher initial and O&M
costs
1.51 Residential and ICI meters
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Cost of Measure

Benefit of Measure

Measure

A

B

C

Affected Water
Use

Water
Saving

E

F

G

Average
Annual Water Total Annual Annual Water
Variable
Annual Water
Savings per Water Usage Savings in %
Usage over
Water Costs
Installation over Period7 of Total Use
4
Period

3

I

Annual
Savings

Period1

$/y

years

J

m3/y
4,428

3,118,000

0.1% 7

0.14

620

10

5%

1,476,000

36,900

3,118,000

1.2%

7

0.14

5,166

10

5%

379,000

18,950

3,939,000

0.5%

0.14

2,653

20

%

Annual Use

3%

3,939,000

118,170

3,939,000

3%

0.14

16,544

20

6 Bleeding
6.1 Reductions in Bleed Water

Bleed Water

30%

67,000

20,100

3,939,000

0.5%

0.14

2,814

20

7 UFW, Unaccounted for Water
7.1 Leak Assessment Program8
7.2a Zone Metering and Pressure Management 8

Leakage
Annual Use

3%

3,939,000

118,170

3,939,000

3%

0.14

16,544

7.2b Zone Metering and Pressure Management 8

Annual Use

5%

3,939,000

196,950

3,939,000

5%

0.14

27,573

-

L

M

N

O

P

Q

R

S

T

Unit

Unit Cost

Quantity

Initial Cost

O&M Cost

NPV of O&M
Cost

Total Cost

Cost-Benefit
(cost/benefit)

Comments

$

$

$

$

5 Communication and Education
5.1 Public Education and School Education

-

K

Savings from
Savings
Delayed Capital
Infrastructure
O&M, NPV2
Costs, NPV

m3/y
1,476,000

Clothes Washer
3.4 High Efficiency Clothes Washer Rebate
7
Program
4 Residential Outdoor Use
4.1 Xeriscaping, Water Wise Garden Contest,
Total Outdoor
Landscape Irrigation, Retrofit Kits, Rain Barrel Use
Program

$/m3

H

0.6%

%
3.3 High Efficiency Dishwasher Rebate Program7 Dishwasher

D

-

no significant
impact
no significant
impact
no significant
impact

325,617

no significant
impact

Cost-Benefit

$

$

4,563 Households

100

1,346 7

134,615

134,615

38,022 Households

100

1,346

7

134,615

134,615

60

100

30,430

189,756

Annual
Program

32,276

Service
Connections

PRV, zone
meters
PRV, zone
meters

20

325,617

189,756

20

359,453

316,260

29.50 Dishwasher Rebate
Program, assumed $100
3.54 Clothes Washer Rebate
Program, assumed $100

6,000

5,000

57,350

63,350

2.08 Offer courses, rebates for
xeriscaping, audits, etc.;
initial cost of $60 for retrofit
rebate

0

10,000

114,699

114,699

0.22 Continue education of
public with flyers,
conferences, open houses,
etc.

0

40,000

1.24 Costs to install bleed water
taps with orifice to get costbenefit of about 1

100

400

40,000

50,000
200,000

1
1

20,000
200,000

5,000

57,350

20,000
257,350

- Best Practice
0.50 Best Practice

200,000

1

200,000

5,000

57,350

257,350

0.38 Best Practice

Notes:
1

Discount period is equal to the life expectancy of the installed component (where applicable)
Sum of the NPVs calculated at the end of each year in the period
3
Water cost: assumed average cost over life of installed component, assumed constant cost
4
Average usage for the time period specified; usage linear to population growth; rounded
5
Households connected to the water system; estimated with service population and 2.6 persons per household
6
Costs provided are for implementing the audit only (actual measures and implementation cost will depend on the outcome of the water audit)
7
assume 50% market penetration
8
3% to 10% saving achievable
2

Dayton & Knight Ltd.
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5.9.3

Other Water Efficient Devices

The availability of low energy and low water use dishwashers started in about 1996. Water
savings for low water use dishwashers were assumed to be 50% compared to conventional
models for the purpose of this study. The percentage of water use for dishwashers of
indoor use is very small (1.4%), so the overall reduction in water use is relatively low at
0.6% of annual use (see Item 3.3 in Table 5-5). A $100 rebate was assumed for the cost
benefit analysis, which resulted in a cost-benefit ratio of 29.50.

Low water use clothes washers can reduce indoor water consumption by 25% to 40%
compared to older machines. There is also an associated saving in energy for water
heating. BC Hydro and BC Gas are therefore supportive of initiatives to promote
replacement of existing machines with low water use equipment. Since clothes washers
typically represent about 22% of indoor demand, this measure can represent a significant
saving. A rebate of $100 per machine and a water saving of 40% compared to other
machines was assumed for the cost benefit analysis; this resulted in a cost-benefit ratio of
3.54 (see Table 5-5, Item 3.4).

5.10

Outdoor Irrigation/Landscaping

There is a considerable amount of outdoor irrigation that takes place within the City. The
percentage of total summer demand that goes to outdoor use is estimated at 30% (see
Section 2). The peak summer demand can be attributed primarily due to the outdoor
irrigation demand. Strategies to reduce the amount of water used for irrigation could
include optimizing irrigation schedules, practicing xeriscaping and implementing rain
barrel program. The City has implemented a number of water conservation measures along
this line, e.g. 85% of the City’s irrigation system is now on timers and rain sensors. The
City also has self-watering hanging baskets. Moreover, the City educates the public
through the Waterworks newsletter and promotes automatic irrigation to save water. The
City also organized irrigation courses for employees to promote reduction of outdoor water
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Table 5-5
Cost-Benefit Analysis for Demand Management Measures, Revelstoke with RMR
Annual Demands with RMR
Population
Average Annual Demand
Average Outdoor Demand
Average Indoor Demand excluding leakage
Leakage (10% of annual water demand)

m
m3
m3
m3

Residential, Annual Demand excluding Leakage
Residential, Outdoor Demand
Residential, Indoor Demand
Indoor Use of new built homes (demand linear with population)
Non-residential, Average Annual Demand, excluding Leakage
Bleed Water, assumed 2% of annual demand

Dayton & Knight Ltd.

Average for 10 years (2005-2015)
9,866
9,866
3,117,522
3,118,000
447,324
447,000
2,202,570
2,203,000
467,628
468,000

Total 2020
16,800
4,780,195
685,896
3,377,270
717,029

Average for 15 years (2005-2020)
11,900
11,900
3,597,871
3,598,000
516,248
516,000
2,541,943
2,542,000
539,681
540,000

Total 2025
19,019
5,462,760
783,835
3,859,511
819,414

Average for 20 years (2005-2025)
13,010
13,010
3,939,153
3,939,000
565,217
565,000
2,783,063
2,783,000
590,873
591,000

Total 2005
7,000
2,415,547
346,600
1,706,615
362,332

Total 2015
12,731
3,819,498
548,048
2,698,525
572,925

m3
m3
m3
m3

1,375,654
232,222
1,143,432

2,175,204
367,192
1,808,012

1,775,429
299,707
1,475,722

1,775,000
300,000
1,476,000

2,722,321
459,550
2,262,771

2,048,988
345,886
1,703,102

2,049,000
346,000
1,703,000

3,111,042
525,170
2,585,872
981,637

2,243,348
378,696
1,864,652
490,818

2,243,000
379,000
1,865,000
491,000

4,560,490
769,848
3,790,641

m3
m3

677,561
48,000

1,071,369
64,498

874,465

874,000

1,340,845
74,777

1,009,203

1,009,000

1,532,304
86,688

1,104,933
67,344

1,105,000
67,000

2,246,211
135,086

3

Build-out
26,712
8,007,884
1,149,027
5,657,674
1,201,183
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demand. The public has generally accepted and followed the sprinkling restrictions as per
the Bylaw No. 1643-2000. To reinforce the bylaw, the City staff will issue a warning to
those individuals upon reports of over users. On repeat offenders the City will issue a
ticket.

Additional measures to reduce outdoor water use are discussed below, including rain
barrels and outdoor retrofit kits, the education program implemented by the City, and
xeriscaping. These measures were combined for the purpose of this study, with an
estimated water saving of 5% of total residential outdoor use (see Item 4 in Table 5-5). The
cost of implementing these measures was estimated at $5,000 per year. The resulting costbenefit ratio was 2.08 (Column S).

5.10.1 Rain Barrels and Outdoor Retrofit Kits

With a rebate for efficient irrigation, high outdoor water users should be motivated to
upgrade and install more water-efficient systems, such as the installation of drip systems,
hose-leak repair, and replacement of broken spray heads.

The following landscape irrigation systems are available (AWWA):
•

drip systems;

•

micro-spray systems;

•

hose timers;

•

rain sensor;

•

trigger shutoff valves on hoses;

•

irrigation system moisture sensors;

•

rainwater tanks and rain barrels; and

•

ET irrigation controllers.
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The cost for implementing a rebate program for retrofit kits (including trigger-release
spray nozzle, hose repair set, instruction card etc.) is included in the retrofit kit’s cost
(indoor and outdoor use). A rebate program for rain barrels would cost about $30.
Analysis of these measures is included in Item 4 in Table 5-5.

5.10.2 Xeriscaping

The goal of xeriscape is to create a visually attractive landscape that uses plants
selected for their water efficiency. Properly maintained, a xeriscape can require less
than one-half the water of a traditional landscape. Once established, a xeriscape
should require less maintenance than turf landscape.

Landscaping measures have to be combined with educational measures. A water
efficient landscape should be designed carefully to gain the acceptance of the public, to
accomplish recreational benefits, and to provide an attractive and aesthetic design. In
addition to water savings, other benefits result from planting native vegetation, such as
restoration of the natural environment with the following reduced use of fertilizers and
pesticides and the resettlement of animals. The costs of redesigning a landscape depend
on the size of the area, number of plants, on the fees for a professional landscape designer
etc. Xeriscaping is included in Item 4 in Table 5-5.

The City has encouraged the general public to use xeriscape plants in their landscape
design, in the bi-annual Waterworks Newsletter.

5.11

Rainwater Harvesting Systems

Rainwater can be used for outdoor irrigation or with treatment for indoor use (e.g., toilet
flushing or industrial processes). The use of rainwater from rain barrels for irrigation was
described earlier.

Page 5-25

1.48 ©2007

A study conducted by Dayton & Knight Ltd. for the GVRD in 2002 showed that, for
rainwater harvesting systems, the unit cost of the recycled water would range from
$3.00/m3 to $24/m3, depending on the type of system. Systems evaluated included basic
and comprehensive single-home systems, apartments, and commercial buildings. Since
the cost of water is not expected to approach this level in the GVRD region in the
foreseeable future, rainwater harvesting was not included in the cost-benefit analysis for
this study. These systems could potentially be implemented on a limited basis as
demonstration projects to support the education program.

5.12

Communication and Education

5.12.1 Public Education

An essential part of any water conservation strategy is a good public education program
to make consumers aware of the reasons for water reduction. The goal of the program
should be to develop a conservation ethic among water users. Education should be part
of all earlier discussed measures. However, the impact of education or the public is only
short-term. Therefore, education should not be the only water conservation measure.

Public education tools include the following:
•

water bills that are easy to understand;

•

conservation program literature;

•

local workshops;

•

citizen advisory committee; and

•

news media.
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5.12.2 Education in the City of Revelstoke

•

WaterWorks newsletter

WaterWorks is a bi-annual publication by the City of Revelstoke to promoste wateruse efficiency and educate customers and the public about water-related legislation,
programs, projects and services. The City also hires students to help with the
publication, assist in public education, create handouts, go door to door and set up at
the Farmers Market to promote water conservation.
•

Outdoor Irrigation

Education for outdoor irrigation is available to the public in the WaterWorks
newsletter. Employees have assisted in organizing courses on saving water through
automatic irrigation.
•

Internet

The City’s website (www.cityofrevelstoke.com) provides information on water
conservation strategies.

Further strategies for water conservation measures adopted by the City are included in
the Revelstoke Community Environmental Strategy from June 2003, and in the Water
Use Efficiency and Conservation in the Kootenay Region study from April 2005.

The public education program assists the City’s water users to adopt a water
conservation ethic and should therefore be continued. The work should also target
the elementary schools, provide advice about water use in the home, and provide
water consumption information packages to the consumer. The estimated annual cost
is $10,000. A water saving of 3% of total annual use was assumed for education,
with a resulting cost-benefit ratio of 0.22 (see Item 5, Table 5-5).
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5.13

Industrial/Commercial/Institutional (ICI) Programs

Water, wastewater, and energy utilities should coordinate and cooperate to realize the
water-efficiency potential of the ICI sector. Measures that can provide long-term
reductions in commercial, public agency, and institutional water use include the
following:
•

installation of retrofit water saving devices and replacement valves on toilets;

•

periodic adjustment of flush valves on toilets and urinals;

•

installation of more efficient low water use appliances;

•

installation of low flow showerheads at gyms, pools, and schools;

•

monthly audit of water bills to create public awareness and to spot high bills that may
indicate leaks or misuse of water;

•

performance of routine plumbing and fixture inspections to eliminate leaks;

•

installation of more water efficient clothes washers;

•

recycling of car-wash water;

•

metering of all public buildings and schools; and

•

water audits to counsel and encourage use of the above measures;

•

redistribute demand of ICI to non-peak hours;

•

water recycling systems.

Commercial water use is relatively price inelastic; this means that for a small increase in
the price of water within the range for which the concept of price elasticity applies, the
likely effect of price on commercial water demand is minimal because the cost of water is
usually a relatively small portion of total operating costs for commercial enterprises.

Education of ICI users is an important tool for reducing water use in commercial
establishments and public institutions. The education program should be part of a
broader effort that also includes education on source controls.
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The retrofit programs for ultra low flush toilets that was described earlier in this report
for residential areas also applies to ICI customers. However, the cost-benefit ratio for ICI
users would be less favourable, since toilet water represents a lower portion of overall
demand.

5.14

Summary Evaluation of Water Conservation Measures

A summary of the cost benefit analysis for the water demand management alternatives
discussed in the preceding sections is contained in Table 5-5 (see Sections 5.1 through
5.13 for discussion of methodology and individual measures). Table 5-6 contains
supporting information used in the calculations. A cost-benefit ratio of less than 1
(Column S) shows that the water conservation measure will result in a net saving to the
City over the time period assumed for the analysis (Column I). Items with a ratio greater
than 1 will not recover costs within the time period assumed.

Some of the items listed in Table 5-5 do not include a cost-benefit ratio, since there was
insufficient information available to complete the necessary calculations. However, a
number of these items should be considered for implementation, (e.g. water audits and
zone metering/pressure management), since these Best Practice measures will provide
valuable information needed to develop and implement important water saving measures
such as targeted water use reduction programs by residents and industry, and reduction of
leakage in the water supply system.

All of the measures listed in Table 5-4 are aimed at reducing water demand in the City,
and as such they all include the social and environmental benefits. Concentrating on the
items will allow the City to realize maximum financial, environmental and social benefits
at reasonable cost.
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6.0

RECOMMENDED WATER CONSERVATION PLAN

An overview of the water conservation measures recommended in the 1998 Water Use
Efficiency Report is shown in Table 6-1, together with the implementation of each measure to
date and recommendations for 2007 and beyond. The costs for implementing the measures in the
last column of Table 6-1 are based on the information from Table 5-4 in Section 5.

As shown in Table 6-1, the City has successfully implemented many of the recommendations
from the 1998 Water Use Efficiency Study. The recommendations for 2007 and beyond include
increasing the budget for education and expanding the program (see Item a). Sprinkling
restrictions should continue as implemented (Items b and c). The water conservation awareness
programs (Item d) complement the public education; as shown, additional recommended items
include annual bill stuffers and audits of ICI and residential customers. A bylaw to require ultra
low flush toilets in new buildings is also recommended (Item e), as well as a retrofit rebate
program for low water use fixtures in existing buildings (Item f). Reduction of bleed water in
winter should also be investigated (Item g). Zone metering and intelligent pressure management
to obtain information regarding water use in different areas and to reduce leakage by lowering
pressure during periods of low water use (e.g. at night) should also be undertaken (Item h).
Universal metering (Item i) has a significant capital cost but could prove cost effective
depending on the variable cost of water and the resulting reduction in use. Universal metering
should be reviewed after Item h has been implemented and additional data regarding water
consumption are known.
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TABLE 6-1
OVERVIEW OF WATER CONSERVATION MEASURES
Recommendations from Water Use Efficiency
Report 1998

Implementation of
Measure to 2006

The City adopt a water use efficiency policy
including establishing annual and peak day
reduction targets for the next five years. The
City should track the daily demand by year and
analyze the pattern for trends in the
consumption and impacts of water use
efficiency efforts. As part of this program the
findings should be reported annually to the
public as part of the education program. City
should continue and expand its education
program about xeriscaping, landscape
irrigation, retrofit kits, rain barrel program, etc.

The City started a public
education program in
1998 with the Water
Works newsletter.

b)

That the City adopt sprinkling restrictions
bylaw including appropriate existing staff to
enforce the bylaw provisions after public
education of the issues. The staging could be
based on a percentage of the water treatment
plant capacity.

c)

a)

d)

Recommendations 2007
and Beyond
continue education and
recording of data

Budget
$10,000/yr
ongoing

(Section 5.12.2)

Recorded daily data from
Reservoir.
Water Works newsletter
with information about
water-wise gardener and
xeriscaping (e.g., May
1998, spring 2005)

Education, Rebate
Programs, Courses.

$5,000/yr
beginning
2008

Bylaw No. 1643 with
sprinkling restrictions

Continue to enforce
sprinkling restrictions
(Section 5.3.1)

$5,000/yr
ongoing

Develop and adopt a policy on the timing of
irrigation of City and School District playing
fields to avoid high summer City water demand
periods.

Bylaw No. 1643 with
sprinkling restrictions.

Continue to enforce
bylaw (Section 5.3.1)

Ongoing
see Item b

Irrigation system is on
timers

Review and optimize
timing if needed (Section
5.10)

Undertake water conservation awareness
programs in the community and schools. This
could include:

Implemented education
program

Continue education
(Section 5.12.2)

-

Continuing the City's Water Works
publication

publish Water Works
newsletter twice a year

Continue publication.

Ongoing
see Item A

-

Bill stuffers on water conservation from
such organizations as the American Water
Works Association

-

Recommend on an
annual basis.

Ongoing
$1,000/yr

-

Work with hotels and other commercial
users exploring avenues for water
conservation

-

Conduct ICI water audit
(Section 5.4)

$30,000
2008

-

Track water consumption data and share
with the public.

Water Works newsletter

Continue publication

Ongoing

-

Attending local trade shows

students set up at
Farmers Market to
provide conservation
material

Continue program.

Ongoing
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Recommendations from Water Use Efficiency
Report 1998
-

Conduct residential water audits

Implementation of
Measure to 2006
-

Recommendations 2007
and Beyond

Budget

Conduct audits for
indoor and outdoor use
(Section 5.4)

$26,000
2009

e)

Develop and adopt a bylaw requiring ultra low
flush toilets and reduced water use fixtures for
all new buildings. Encourage voluntary
retrofits in existing buildings in cooperation
with outside agencies such as B.C. Gas and
B.C. Hydro.

-

develop and adopt bylaw
(Section 5.3.2)

$10,000
beginning
2008

f)

Undertake a program to retrofit existing shower
heads and taps and install toilet dams.

-

rebate program (Section
5.9)

$75/kit
rebate
program
2008

g)

Undertake an inventory of the City's water
distribution system and identify areas of known
leaks and shallow bury pipes and service
connections to eliminate the practice of
continuous running of water to avoid freezing.
Prioritize the replacement and budget in the
City's 10-year plan.

some pipes have been
insulated, but bleeding is
still a common practice

develop and adopt bylaw
(Section 5.3.2). To
eliminate shallow bury
pipes and connections.

See Item E

Evaluate costs of bleed
water orifices (Section
5.8)

$5,000
2009

A thorough knowledge of all City water
distribution system components is necessary.
The City should ensure that the location,
condition and assurance that all pipe/service
connection/leakage repairs/fire hydrant
maintenance information is properly recorded,
up-to-date, and available for easy access on
current maps.

water system is recorded
on computer basis

zone metering (Section
5.7) to gain thorough
knowledge of system and
to manage system and
reduce leakage through
intelligent pressure
management.

$200,000
in 2009 for
zone
metering
and
pressure
manageme
nt

h)

$20,000 in
2010 for
leak
reduction
j)

Design a long term strategy for universal
metering of all service connections:
(i)

Adopt a design standard and select
meter equipment that has encoded
reading heads.

(ii)

Design a voluntary metering program
to install and monitor water demand in
25 to 75 existing houses and
businesses.

Metering (Section 5.5)
-

Trial Metering program
for about 20 houses in
2002
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Consider results in
assessing universal
metering (Section 5.5.1)

Review in
2011
$3.21 M
for
residential
+ 0.54 M
for ICI
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i)

Recommendations from Water Use Efficiency
Report 1998

Implementation of
Measure to 2006

Recommendations 2007
and Beyond

(iii)

Adopt a bylaw requiring the
installation of meter sets and/or meters
on all new service connections.

Bylaw No. 1643-2000,
5.09: prepare new
buildings or renovations
for the future installation
of water meters (Section
5.3.1)

Future consideration
consider if universal
metering adopted
(Section 5.5)

(iv)

Identify the costs, timing and budget
in the City's 10-year plan for
implementation of universal metering.

-

Consider if universal
metering adopted
(Section 5.5)

(v)

If and when (iv) is adopted, review the
merits and details of establishing rates
based on consumption including an
inclining block rate to reward water
conservation.

-

Consider if universal
metering adopted
(Section 5.5)

Work with the Golf Course and other large
water users to review the feasibility of
an alternate water supplies for
irrigation purposes such as the
Columbia River. The potential to
locate a groundwater source near the
golf course to act an emergency
supply and meet irrigation needs
should be reviewed.

Dug new well #1 for golf
course (Section 5.10)
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Continue using water
from Well #1 and expand
capacity when needed
(Section 5.10)

Budget

$1.2 M in
2020 for
capacity
expansion
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