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THIRD PARTY DISCLAIMER AND COPYRIGHT 

This document has been prepared by Opus DaytonKnight Consultants Ltd. for the benefit of the client to whom it 
is addressed. The information contained in this document represents Opus DaytonKnight Consultants Ltd.’s best 
professional judgment in light of the knowledge and information available to Opus DaytonKnight Consultants 
Ltd. at the time of its preparation. Except as required by law, this document is to be treated as confidential and 
may be used and relied upon only by the client, its officers and employees. Opus DaytonKnight Consultants Ltd. 
denies any liability whatsoever to other parties who may obtain access to this document for any injury, loss or 
damage suffered by such parties arising from their use of, or reliance upon, the document or any of its contents 
without the express written consent of Opus DaytonKnight Consultants Ltd. and the client. 

This document is for the sole use of the addressee and Opus DaytonKnight Consultants Ltd. This document 
contains proprietary and confidential information that shall not be reproduced in any manner or disclosed to or 
discussed with any other parties without the express written permission of Opus DaytonKnight Consultants Ltd.  
Information in this document is to be considered the intellectual property of Opus DaytonKnight Consultants 
Ltd. in accordance with Canadian Copyright Law. 
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Executive Summary    

The Village of Anmore (Anmore) is a growing community within the Lower Mainland, with an 
estimated existing 2014 population of 2,272 residents (based on 2011 Census). Anmore’s water system 
currently consists of 9 pressure zones, 2 pump stations, 8 pressure reducing stations, and includes 
over 20 km of watermains. Anmore receives potable water from the Metro Vancouver Coquitlam 
source via a 300 mm diameter supply connection from the City of Port Moody’s (City) 290 m HGL 
pressure zone. The water supply and distribution infrastructure is a key focus of Anmore’s strategic 
infrastructure priorities, and thus this study provides Anmore with a comprehensive Water Utility 
Master Plan.  

This study provides Anmore with an understanding of the capacity of its current system under existing 
and future demand requirements and identifies servicing opportunities and constraints to plan 
upgrades to the water utility in an economic and efficient manner. A Capital Upgrades Plan is provided 
with a proposed schedule and estimated costs to complete the works. Integral to the Water Utility 
Master Plan was the development of a hydraulic model for Anmore, which has allowed the review of 
the level of services provided to existing and future populations by the water utility. Future 
populations are forecasted to a 2032 planning horizon in the most recent Official Community Plan 
(OCP). Furthermore, an annual operations, maintenance, and inspections program and budget was 
developed in consultation with Anmore staff which will allow for sufficient monitoring and 
maintenance of the water utility assets.  The cumulative costs of the recommendations were combined 
with historical costs and a long-term financial plan was developed.  The result of which indicates that 
Anmore must increase revenues if the water utility is to work towards full-cost recovery. 

Source Supply 

Anmore’s water system is supplied by the City via a 300 mm diameter watermain connection near the 
intersection of East Road and Blackberry Drive in Anmore. The water is supplied from the City’s 290 
m HGL Pressure Zone. Under existing and future (2032) population demands, Anmore’s average daily 
withdrawal rate was found to be less than the available supply from the City stipulated in the 1998 
Water Agreement between Anmore and the City. However, the maximum rate of flow in any one hour-
interval stipulated in the Agreement was found to be exceeded under the existing and future fire flow 
scenarios using the maximum design criteria fire flow demand and duration. An update to the 
maximum rate of flow is required until such time that a reservoir can be constructed for Anmore. At 
that time, the majority of the fire flows will be delivered via the reservoir.  

While there are no concerns with the supply capacity of the potable water supplied to Anmore to meet 
Average Day Demand, it is understood that Anmore staff would like to consider a secondary 
connection to the City of Port Moody via the Hickory Drive Reservoir, which would provide some 
measure of source supply redundancy. Opus DaytonKnight Consultants Ltd. (Opus DK) advises that a 
joint stakeholder meeting between Anmore and City staff to discuss this possible connection would be 
prudent.  
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Storage Reservoirs 

Water storage reservoirs store water for balancing peak water demands, for fire protection, and for 
emergency conditions in the water utility. As Anmore does not currently own or operate any 
reservoirs, it currently relies heavily on storage volumes from the City of Port Moody’s Hickory Drive 
Reservoir. However, it is envisioned in the near future that a reservoir will be built at the Pinnacle 
Ridge Development to provide storage volumes to Anmore’s water system. As such, Opus DK has 
assessed the required reservoir sizing to meet storage volume requirements under future (2032) 
conditions. The proposed sizing of the Pinnacle Ridge Reservoir was calculated based on Anmore’s 
storage requirements but reduced based on the estimated future excess storage of the City of Port 
Moody’s Hickory Drive Reservoir. The Hickory Drive Reservoir may augment Anmore’s water system 
with an excess storage volume of 0.71 ML in 2032. This would enable Anmore to reduce the sizing of 
the Pinnacle Ridge Reservoir to 1.06 ML rather than the 1.77 ML that is required. However, the 
continued reliance on the excess storage from the Hickory Drive Reservoir must be clearly understood 
by Anmore and communicated to the City well into the future. The continued access to storage 
volumes from the City’s Hickory Drive Reservoir for Anmore’s and the City’s demands helps to 
promote turnover of the reservoir and benefits both municipalities. The volume of 0.71 ML was 
calculated as the future excess storage from the City’s Water Master Plan. 

Along with other system upgrades identified in the hydraulic analysis, the Pinnacle Ridge Reservoir 
was found to also provide additional benefit to the existing system by resolving some future fire flow 
deficiencies.  

Pump Stations 

The capacity of Anmore’s two pump stations was assessed. In particular, the Uplands Pump Station 
was analysed under the existing and future demand conditions, while the Pinnacle Ridge Pump Station 
was only analysed under future demand conditions, as it is not currently operational.  

The Uplands Pump Station was found to have adequate capacity under existing and future OCP 
demands.  

The Pinnacle Ridge Pump Station was designed to provide flows to the proposed Pinnacle Ridge 
Storage Reservoir. The Pinnacle Ridge Pump Station was adequately sized for future conditions. Long-
term phasing of the Pinnacle Ridge development was incorporated into the hydraulic model.  

Distribution System 

Under the existing population scenario, it was found through the hydraulic model that a minimal 
amount of low and high pressures were experienced within the system. However, the model revealed a 
large amount of fire flow deficiencies in the system, especially north of the intersection at Sunnyside 
Road and East Road, along undersized watermains in the system. Proposed upgrades were made to 
upgrade watermains, provide looping through new watermain construction, and adjust/upgrade 
existing pressure reducing station infrastructure. These identified upgrades are expected to resolve 
existing service pressure and fire flow deficiencies. As well, Anmore’s concern over water quality will 
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be addressed to a certain extent through the proposed looping upgrades which will address issues of 
water stagnation at dead ends. 

Opus DK also carried out an assessment of Anmore’s existing water system with its population 
estimated to future (2032) conditions. The water system was able to manage the increased water 
demand, however, with a few added deficiencies on top of those found in the existing system analysis. 
Two additional capital upgrades projects would be required to address the additional future fire flow 
deficiencies and include watermain looping between Chestnut Crescent and Eaglecrest Road, as well as 
the construction of the Pinnacle Ridge Storage Reservoir.  

Hydrant Coverage 

Anmore’s Works and Services Bylaw No. 242-1998 should be revised to reflect the FUS 1999 ‘Water 
Supply for Public Fire Protection’ guide, which recommends a maximum hydrant spacing of 180 
metres in single-family residential areas and 90 metres in multi-family and institutional, commercial 
and industrial (ICI) areas.   

A mapping of Anmore’s existing fire hydrants was carried out to determine the area of influence and 
coverage of existing hydrants. In accordance with the FUS guidelines, there are an additional 4 fire 
hydrants recommended for Anmore’s water distribution system. 

Capital Plan 

From the upgrades identified, a Capital Upgrades Plan was developed which prioritized capital 
projects according to resolving existing system deficiencies and critical system conveyance issues. The 
upgrades identified seek to improve system reliability by resolving existing fire flow deficiencies, 
increasing fire hydrant coverage, providing storage, resolving existing service pressure deficiencies, 
and addressing future deficiencies expected in the system based on estimated future (2032) demands.  

The total estimated cost of the Capital Upgrades Plan in 2014 dollars is $2,738,710. The cost of the 
Plan is to be shared by Anmore and by developers through Development Cost Charges.  

Long-Term Financial Plan 

A long-term financial plan was developed to estimate the revenue required to sufficiently fund the total 
estimated costs of the water utility which include the purchase of potable water from the City; 
operations, maintenance, and inspection programs; administration; the Capital Upgrades Plan; the 
rehabilitation and replacement of existing infrastructure, and build reserves.  Revenues need to 
increase to support the recommended OMI programs, the Capital Upgrades Plan, and contributions to 
reserves. 
 
The cost of water supply is a significant component of Anmore’s overall water costs, and Opus DK 
suggests that the 1998 Water Supply Agreement be reviewed to ensure the fairness embodied in its 
intent, is being implemented. 
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1 Introduction 

The Village of Anmore (Anmore) retained Opus DaytonKnight Consultants Ltd. (Opus DK) to develop 
a Water Utility Master Plan. While Anmore strives to maintain its semi-rural character through slow 
growth, Anmore has grown in size since its incorporation on December 7th, 1987. Anmore is not 
expected to significantly change in the future, though the population is expected to increase by nearly 
50% over the next 17 years (to the 2032 Official Community Plan (OCP) medium growth scenario 
build-out). A detailed assessment of the existing water utility is essential to providing the residents of 
Anmore with the proper level of service, while planning for future growth.  

A technical assessment of the hydraulic infrastructure was undertaken by Opus DK to determine the 
condition of the existing supply network and to recommend improvements to address current 
deficiencies and meet future growth projections. A major component of the technical assessment 
included the development, calibration, and subsequent analysis of Anmore’s hydraulic water model. 
The hydraulic model has enabled the project team to: 

 Assess the existing hydraulic performance and current operational settings. This allowed the 
project team to determine the necessary short and/or medium term improvements; 

 Assess the existing system’s capability in coping with Anmore’s future projected water demands 
generated through development and population growth. This allowed the project team to 
determine the long term improvement works necessary to serve the projected growth. 

A Capital Upgrades Plan has been prepared at the end of this report which provides Anmore with 
recommendations for water infrastructure improvements to service both the existing population and 
to meet growth and redevelopment in accordance with Anmore’s OCP. This report provides a complete 
analysis of Anmore’s water supply source, pump stations, and transmission and distribution network.  

1.1 Scope of Work 

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

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

 Meet with Anmore operations staff to obtain and compile all relevant operational data; 
 Obtain historical data on average day, maximum day and peak hour demands; 
 Review field data and results from the hydrant flow testing program completed for Anmore; 
 Model Development and Calibration; 
 Assess the influence of the existing population and future growth on the water model; 
 Assess the distribution system to design criteria requirements; 
 Analyze existing and future water system deficiencies and propose recommendations for system 

improvements to address each deficiency;  
 Prepare a Capital Upgrades Plan and cost estimates for proposed improvement projects; and 
 Prepare a long-term financial plan and review Anmore’s current funding model. 
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1.2 Data Collection and Information Review 

Historical data, water system information and previous studies that have been reviewed during 
development of this report include: 

 2014 Village of Anmore Official Community Plan; 
 2014 Flow meter data at Anmore’s Re-Chlorination Booster Station; 
 2009-2013 Peak flow records at the City of Port Moody connection; 
 2012 Village of Anmore residential water meter records; 
 2007 Report to Village of Anmore for Water Supply Study, McElhanney Consulting Services; 
 Current operational information on Anmore’s pump stations and PRVs; 
 As-built drawings for Anmore watermains; 
 Parcel, LiDAR and contour information for Anmore; 
 Historical financial information; 
 Anmore’s Water Rates and Regulations Bylaw #161; and 
 Anmore’s Water Rates and Regulations Amendment Bylaw #530. 

1.3 Acknowledgements 

Opus DK acknowledges the support and cooperation of Anmore and extends its appreciation to Kevin 
Dicken, Manager of Public Works, for his assistance to the project team at Opus DK in preparing the 
report. 

The Opus DK team, under the supervision and direction of Lisa Mirfatahi, P.Eng., consisted of: Clive 
Leung, P.Eng. and Michael Levin, E.I.T., who were responsible for the model development, analysis 
and reporting; Catherine Dallaire, P.Eng., who was responsible for the Service Levels and Operational 
Lifecycle Practices assessment and reporting; and Peter Hutchins, E.I.T., who was responsible for the 
financial model and reporting. 

1.4 Abbreviations     

ADD 
BC 
FUS 
GIS 
HGL 
ICI 
L/c/d 
L/s 
GPM 
DCC 
ENR 

Average Day Demand 
British Columbia 
Fire Underwriters Survey 
Geographic Information System 
Hydraulic Grade Line 
Industrial/Commercial/Institutional 
Litres per capita per day 
Litres per second 
Gallons per Minute 
Development Cost Charges 
Engineering News Record 

MDD 
ML 
ML/d 
MV 
OCP 
PHD 
PRV 
psi 
kPa 
VFD 
OMI 

Maximum Day Demand 
Million Litres 
Million Litres per day 
Metro Vancouver 
Official Community Plan 
Peak Hour Demand 
Pressure Reducing Valve 
pounds per square inch 
kilopascal 
Variable Frequency Drive 
Operations, Maintenance, 
and Inspections 
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2 Existing Water System 

2.1 System Overview 

Anmore’s water system consists of 9 pressure zones, 2 pump stations, 8 pressure reducing stations, 
and includes over 20 km of watermains. Anmore receives its potable water from the City of Port 
Moody (City) via a 300 mm diameter connection near the intersection of East Road and Blackberry 
Drive, which is directly fed off of the City’s 290 m pressure zone. The City is in turn supplied through 
four connections to Metro Vancouver’s trunk mains crossing the City. The aforementioned 
components of Anmore’s distribution system are summarized in Table 2-1 and illustrated in Figures 2-
1 and 2-2. 

Table 2-1: Water System Summary 
Component Quantity 

Pressure Zones 9 

Port Moody Supply Connection 1 

Pump Stations 2 

Pressure Reducing Stations 8 

Length of watermains (km) 20 
 
2.2 Water Supply and Treatment 

The water supply to Anmore via the City is provided by Metro Vancouver’s Coquitlam water source. 
Water treatment at the Coquitlam source consists of ozone treatment, ultra-violet radiation, and 
chlorination. While providing high quality drinking water to the City, there had been concerns in the 
past regarding the chlorine residual of the water reaching Anmore. Due to the nature of the City’s 
water system, the chlorine residual is largely consumed by the time the water reaches Anmore. As 
such, there have been instances in the past in Anmore where chlorine residuals did not comply with 
the objectives of the local health authority, which requires a chlorine residual of at least 0.2 mg/L. This 
was addressed through the recent construction of the Anmore re-chlorination building at the 
intersection of Hummingbird Drive and Robin Way. 

In addition to re-chlorination providing increased chlorine residuals in the water supplied to Anmore 
residents, a recently installed magnetic flow meter in the facility allows Anmore staff to verify recorded 
flows from its current connection to the City. Anmore currently holds a 1998 servicing agreement with 
the City for the water it is supplied. Anmore is currently billed through tracked total water usage at a 
City owned flow meter at the connection, therefore Anmore’s newly installed flow meter provides 
valuable flow verification. 

As the 1998 servicing agreement does not warranty the quality or quantity of water conveyed to 
Anmore by the City, Anmore’s ability to internally monitor and measure the quality and quantity of 
water supplied to its residents is a key benefit of the new re-chlorination facility.  
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In terms of supply redundancy, Anmore does not currently hold any redundancy to its sole connection 
to the City’s water system. As a follow-up to this Water Utility Master Plan, Opus DK will provide 
assistance in reviewing a secondary source supply via a possible connection to the City’s water system 
through the Hickory Drive Reservoir. The modular design of the water treatment pallets in Anmore’s 
re-chlorination facility could allow upon detailed review for an expedited set-up of a treatment system 
for another re-chlorination facility at any future secondary connection to the City’s water system.  
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2.3 Pumping Stations 

There are two pump stations owned and operated by Anmore, including the Uplands Pump Station 
and the Pinnacle Ridge Pump Station, the latter of which is currently not in service. The operating 
curves for Anmore’s pumps were entered into the water model using manufacturer’s pump curves and 
fire pump flow tests. A summary of the pump configurations at each station is provided in Appendix B.  

In addition to the two pump stations, there is the privately owned Sunset Ridge Pump Station which is 
accessible by Anmore Staff. The Sunset Ridge Pump Station provides pumped water solely to a local 
development and does not affect the hydraulic analysis of Anmore’s water system. Therefore, the 
Sunset Ridge Pump Station was not assessed in the hydraulic model, though some relevant details 
have been included in this report for completion. Note that pump operating curves are not included for 
the Sunset Ridge Pump Station, only general information which was made available to Opus DK. 

Details of the pump stations and the number of pumps at each station are summarized in  
Table 2-2. 

Table 2-2: Existing Pump Stations 
ID Pump Station Number of Pumps Elev (m) Zone Supplied 

3863, 3864, 3706 Uplands 3 181.0 Pumped Zone II 

3701 Pinnacle Ridge 4 240.0 Pumped Zone I 

- Sunset Ridge (Private) 2 192.0 Private 

 

2.4 Pressure Reducing Stations 

There are 8 Pressure Reducing Valve (PRV) stations in Anmore’s distribution system. Elevations of the 
PRVs and their lead and lag valve pressure settings are summarized in Table 2-3. 

Table 2-3: PRV Parameters 

ID PRV 
Station 

Elevation 
(m) 

Valve 
Diameter 

(mm) 

Pressure 
Setting 
(PSI) 

Status Zone 
Supplied 

4144, 
3701 

Lower 
Pinnacle 205.0 50 and 150 61 and 53 Open Zone I (247 m) 

4136, 
3697 

Thomson 
East 199.0 50 and 200 68 and 60 Open Zone I (247 m) 

4150, 
3700 

Thomson 
Lancaster 188.6 50 and 150 84 and 70 Open Zone I (247 m) 

4112, 
3699 

Lower 
Crystal Creek 118.0 50 and 150 56 and 46 Open 158 m HGL 

Zone 

4119, 
3698 

Upper 
Crystal Creek 164.6 50 and 150 45 and 38 Open Zone III (196 m) 



 Village of Anmore - Water Utility Master Plan 8 
 

D-85702.00  |  May 15, 2015 Opus DaytonKnight Consultants Ltd 
  

ID PRV 
Station 

Elevation 
(m) 

Valve 
Diameter 

(mm) 

Pressure 
Setting 
(PSI) 

Status Zone 
Supplied 

4123, 
3703 Countryside 171.9 50 and 150 108 and 95 Closed Zone I (247 m) 

4131, 
3702 Sunnyside* 145.0 50 and 150 33 and 25 Open 168 HGL Zone 

3696 Elementary* 171.0 150 54 Open Zone II (209 m) 

*PRV settings were reduced by 6 psi during calibration to match field results. 

The table includes pressure setpoints that Anmore has recently reconfigured for its PRV stations based 
on discussions with Opus DK during the initial stages of the model development process. 

2.5 Distribution System 

Anmore’s distribution system consists of over 20 kilometres of watermains supplying approximately 
2,081 residential users. The distribution watermains range in diameter from 50 mm to 300 mm and 
were installed between 1990 and 2013. A summary of the existing pipe diameters and approximate 
total lengths are listed in Table 2-4.  

Table 2-4: Existing Watermain Diameters 
Diameter (mm) Total Length (m) 

50 41 

100 132 

150 5,370 

200 9,200 

250 5,615 

300 64 

TOTAL 20,422 
 

3 Water Demand 

This section primarily focuses on the methodology of deriving the existing water demand and 
anticipated future water demand associated with population growth in Anmore. A forecast of water 
demands is made based on historical water consumption records, estimated future populations, and 
anticipated future water usage trends. 
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3.1 Population 

3.1.1 Serviced Population 

Population data was available from various sources, which included: 

 2011 to 2014 BC Stats population estimates; and, 
 2006 and 2011 population estimates from Census Canada. 

BC Stats estimated a 2014 population of 2,272 people in Anmore. The figure below illustrates the BC 
Stats population estimates from 2011 to 2014. Census data from 2006 and 2011 was used to cross-
reference the BC Stats population estimates. A 2014 population estimate was extrapolated from the 
recent Census data using a growth rate of 3.22%, compounded annually. The 2014 population estimate 
based on Census data (illustrated in the figure below) was 2,275 people which closely matched the BC 
Stats estimate. Opus DK relied on the BC Stats estimate of 2,272 people for the existing population of 
Anmore in further analyses.  

Population Estimates (based on Census data and BC Stats) 

 

The total serviced population in Anmore was estimated by determining a unit population density per 
acre, which allowed for excluding properties serviced by private wells. The unit population density per 
acre calculation was performed using a map provided by Anmore staff and area estimates based on 
spatial analysis in GIS.  

Of the current population, the total serviced population is estimated at 2,078. The remaining 
194 residents are serviced by private wells.  
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3.1.2 Projected Population 

A forecast of the future serviced population was made for the end of the 2032 study period based on 
input from the planning department, figures from the OCP, and Opus DK’s understanding of the 
growth priority areas as discussed with Anmore staff. During discussions with Anmore staff the 
medium growth scenario from the OCP was determined to be most appropriate for determining 
population growth. The annual average growth rate for the medium growth scenario to 2032 is 2.2% 
based on the total existing population of Anmore. Based on the medium growth scenario the estimated 
connected single family residential future population is 3,361. 

Population estimates were then allocated to new development areas identified in consultation with 
Anmore staff, as summarized in Table 3-1 and illustrated in Figure 3-1.  

Table 3-1: Future Population Estimates 
Development Area  Total Approx. Area (Hectares) Population 

Area No. 1 58.3 182 

Area No. 2 96.1 227 

Area No. 3 13.6 76 

Area No. 4 25.0 37 

Area No. 5 19.0 61 

IOCO Lands 147.5 506 

Total Increase - 1,089 

Existing Population (2014) - 2,272 

OCP (2032) Population - 3,361 
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3.2 Existing Demands 

Flow meter data from the re-chlorination facility was used to estimate maximum day and peak hour 
demand throughout the system. Water meter record data from 2009 to 2013 was used to determine 
Average Day Demand (ADD).  

Demands were allocated to individual parcels using available meter data. After all demands had been 
assigned, land parcels and their demands were imported into the model and then proportionally 
distributed to the nearest model nodes.  

3.2.1 Average Day Demand 

The ADD is the average demand in a year regardless of season. The value is useful in analyzing historic 
demands and patterns, as well as for estimating future demands. The future ADD is important in 
determining the average supply requirements for the water system. 

The existing ADD was estimated by analyzing Anmore’s water utility billing records. The total metered 
water consumption in 2014 was 240,048 m3 which equates to about 316 l/c/d.  However, in 2014 the 
City charged Anmore for the use of approximately 278,109 m3 (estimated from a total charge of 
$279,055 at a rate of $1.0034 per m3) or equivalently 366 l/c/d.  

For the purposes of hydraulic modelling, an average per capita demand of 366 L/c/d was chosen with 
an assumed leakage rate of about 13.5% (difference between amount of water supplied by the City and 
the total metered water consumption), with a portion of the volume of water unaccounted for due to 
hydrant flushing. With an estimated existing service population of 2,078 people, the ADD is estimated 
to be 8.8 L/s. 

Anmore’s Per Capita ADD for 2014 was estimated to be 366 L/c/d. 

3.2.2 Maximum Day Demand 

The Maximum Day Demand (MDD) gives an estimation of the maximum water usage per capita for 
one day (presumably in the summer) in a year. It is typically used for sizing a system’s storage capacity 
in reservoirs and the capacity required at the source supply of a system. 

The MDD was estimated by analysing flow meter data from Anmore’s Re-Chlorination Booster 
Station. Flows were assessed over 24-hour periods, starting in May 2014 with the start of high seasonal 
flows, through to November 2014 to the end of the recorded data set. An MDD of 15.7 L/s was 
captured on July 15, 2014.  

Anmore’s Per Capita MDD for 2014 was estimated to be 653 L/c/d.  

3.2.3 Peak Hour Demand 

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

The PHD was measured using the flow meter data from the Anmore Re-Chlorination Booster Station. 
2014 flow data between May and November was assessed over 1-hour intervals to determine the PHD. 
A PHD of 27.9 L/s was captured on August 6, 2014 at approximately 6:17 am.  

Anmore’s Per Capita PHD for 2014 is estimated to be 1160 L/c/d.  

3.2.4 Demand Allocation 

The spatial allocation of water demands in the model is based on water meter data for the fall of 2012, 
which was provided by Anmore. The top 20 users from the given data set were identified and their 
recorded meter demand was allocated to the nearest node in the model. Table 3-2 below summarizes 
the demands for the top 20 users: 

Table 3-2: Demand Allocation 

Rank Parcel 
FID Meter ID Address Land-Use 

Meter 
Demand 

(L/s) 

1 127 73615840 3230 Sunnyside Road Commercial 0.285 

2 216 1010013431 200 Alpine Drive Residential 0.215 

3 210 44063185 150 Hemlock Drive Residential 0.199 

4 276 49004291 Westridge Lane Residential 0.175 

5 308 79907326 2285 East Road Residential 0.163 

6 230 73615845 3151 Sunnyside Road Residential 0.150 

7 314 62894783 2185 Summerwood Residential 0.144 

8 268 44063190 133 Oak Court Residential 0.143 

9 15 60534897 1451 East Road Residential 0.141 

10 249 60484606 3053 Anmore Creek Way Residential 0.131 

11 458 70493120 700 Canterwood Residential 0.128 

12 119 69859272 1074 Magnolia Way Residential 0.127 

13 10 62894784 157 Dogwood Drive Residential 0.111 

14 484 65864969 1755 Lancaster Crescent Residential 0.104 

15 387 41467455 188 Wyndham Crescent Residential 0.098 

16 461 46292223 2415 East Road Residential 0.093 

17 307 49005620 Deerview Lane Residential 0.093 

18 33 80370943 110 Strong Road Residential 0.093 

19 29 81568701 105 Strong Road Residential 0.092 
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Rank Parcel 
FID Meter ID Address Land-Use 

Meter 
Demand 

(L/s) 

20 478 73615846 1130 Mountain Ayre Lane Residential 0.092 

Total Demand (top 20 users) 2.8 

Total Demand (All users) 12.8 

Remaining Demand (for allocation) 10.0 

The combined demand of the top 20 users (2.8 L/s) was subtracted from the total demand for all 
metered lots (12.8 L/s). The remaining demand (10.0 L/s) was evenly distributed amongst the 
remaining residential, institutional and commercial properties. Parcel demands were then allocated to 
the nearest model nodes.  

To attain a given demand scenario in the hydraulic model, every individual demand that was allocated 
to a node in the model was multiplied by a ratio of the demand scenario (ie. 8.8 L/s for existing ADD) 
over the total metered demand (12.8 L/s). Using this method, the ADD, MDD, and PHD for existing 
and future OCP scenarios were allocated in the hydraulic model.  

3.3 Future OCP Demands 

Future population estimates were based on the medium growth scenario (2.2%) identified in Anmore’s 
OCP. In addition, Opus DK worked with Anmore staff to review schedules from the OCP, various 
development plans, and leveraged our understanding of the growth priority areas to determine the 
future residential development areas and corresponding populations in Anmore.  

Table 3-3 provides a summary of the development populations and residential demands developed in 
conjunction with Anmore staff. Populations for Development Areas 1 to 4 were provided by Anmore. 
The IOCO Lands were assigned the remaining future populations. A per capita demand of 336 L/c/d 
was applied to the populations to determine the ADD. The resulting ADD formed the basis for demand 
loading under the medium growth scenario in Anmore’s hydraulic water model.  

Table 3-3: Future OCP Average Day Demands 

Development Population ADD (L/s) 

Area No. 1 182 0.8 

Area No. 2 227 1.1 

Area No. 3 76 0.3 

Area No. 4 37 0.2 

Area No. 5 61 0.3 

IOCO Lands 506 2.1 

Total Increase 1089 4.6 
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Development Population ADD (L/s) 

Existing Population  2,272 9.6 

OCP Population 3,361 14.2 

3.4 Peaking Factors and Demands 

Since most future population growth will be concentrated as single family residential demand, the 
residential peaking factors were important in estimating peak OCP demands.  

Table 3-4 provides a comparison between the 2014 and 2032 OCP demand distributions, with peaking 
factors for the Anmore water system. Note that 2032 OCP demands assume no water conservation.  

Table 3-4: Demand Distribution & Peaking Factors 

Demand Horizon ADD 
(L/s) 

MDD 
(L/s) 

PHD 
(L/s) 

MDD/ 
ADD 

PHD/ 
ADD 

Existing (2014) 8.8 15.7 27.9 1.8 3.2 

Future (2032 OCP) 14.2 25.4 45.1 1.8 3.2 

3.5 Demand Summary 

Demands developed through this section were used to assess the ability of Anmore’s water system to 
adequately meet level of service requirements for existing residents and projected growth. These 
demands form an integral part of the model development process and are the basis on which 
recommendations for existing and future infrastructure improvements for the water utility are made.  

4 Model Calibration 

Model calibration was carried out to ensure that the hydraulic water model would correlate well to 
conditions found during field testing of the water system. To improve the accuracy of the model, the 
calibration process would improve any assumptions and/or estimates made in the development of the 
model through an iterative review process encompassing the details of each component of the water 
system including pipe lengths, pipe diameters, pipe materials, pipe roughness factors, node demands, 
node elevations, and pump configurations. 

The results of the model calibration provided a good correlation between the field and computer 
predicted results. The methodology applied in calibrating the hydraulic model is summarized below. 

4.1 Hydrant Flow Testing 

A testing program was established by Opus DK to carry out hydrant flow tests in Anmore. Three sets of 
hydrant flow tests were conducted as follows: 

 Set 1 – 290 m HGL Pressure Zone 
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 Set 2 – 247 m HGL Pressure Zone 
 Set 3 – 209 m and 168 HGL m Pressure Zone 

Details on the testing program can be found in Technical Memorandum #2: Hydrant Flow Testing 
Program (Appendix A), submitted on August 6th, 2014. The hydrant flow testing program was 
conducted with the assistance of Anmore operations staff on August 27th, 2014.  

4.2 Calibration Results and Discussion 

The results of the model calibration provided a good correlation between the field and computer 
predicted results. 76 out of 90 of the static and residual pressures were calibrated within a 10% 
difference in pressures. An acceptable calibration for much of Anmore’s water distribution system was 
achieved. The results of the hydrant testing and the calibrated values of the water model can be found 
in Technical Memorandum #3: Village of Anmore Water Model Development, Calibration, and 
Existing System Analysis (Appendix A), submitted on February 5th, 2015. 

Opus DK recommended field checks to be made by Anmore staff based on watermain diameter 
adjustments made to the model as detailed in Technical Memorandum #3. While additional spot 
checks can be made at future dates, Opus DK concluded that the calibration program provided 
sufficient calibration for the model for the purpose of system analysis.  

5 Design Criteria 

The design criteria used to review the system’s service pressures, pump station capacity requirements, 
fire protection and storage, supply storage, water quality and fire hydrant coverage are described in 
this section.  

5.1 Service Pressures 

Minimum service pressures are required to ensure an adequate flow and pressure of water at all 
serviced properties in Anmore. There are, in most cases, two conditions in which systems should be 
designed for minimum service pressures. They are 1) the MDD plus fire flow condition, and 2) the 
PHD condition. Furthermore, maximum service pressures in the system also need to be regulated to 
prevent overpressurizing of the system. 

Service pressures under various demand conditions were determined by consulting the Anmore Works 
and Services Bylaw No. 242-1998 and the 2014 MMCD Design Guideline Manual. Table 5-1 
summarizes the range of service pressures used in the analysis.  

Table 5-1: Service Pressure Requirements 
During Average Day Maximum 150 psi (1030 kPa) 

During Maximum Day Plus Fire Flow Minimum 20 psi (140 kPa)  

During Peak Hour Minimum 40 psi (300 kPa)  
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5.2 Pump Station Capacity 

As outlined in the MMCD Design Guideline Manual, pump stations are generally designed to meet the 
MDD of the downstream service area with the largest pump out of service, provided that storage is 
available within the service area. If storage is not available, the pumping capacity should meet the 
PHD with the largest pump out of service. In the case of Anmore where there are no reservoirs present, 
pump station capacity was assessed against PHD with one duty pump operational.  

5.3 Fire Protection and Storage 

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

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

pressure (20 psi) on the street main is required during fires; and, 
3. Fire flow is coincident with MDD. 

Table 5-2 shows the recommended minimum fire flow requirements for various land use areas and the 
required fire flow durations for Anmore’s water pressure zones. These values are based on Anmore’s 
Works and Services Bylaw No. 242-1998 and the 1999 Fire Underwriter’s Survey guideline document 
entitled ‘Water Supply for Public Fire Protection.’ 

Table 5-2: Proposed Fire Flow Requirements 

Land Use (Zoning) 
Min. Required 

Fire Flow 

Required 
Duration of Fire 

Flow 

(L/s) (Hours) 

Urban 
Single Family (RS-1) 60 1.5 

Cluster Housing (RS-2, RS-3) 120 2.0 

Suburban 
Extensive Rural & Recreational (A-1) 60 1.5 

Campgrounds 60 1.5 

School (Any Zone) 120 2.0 

Institutions (P-1) 90 2.0 

Commercial & 
Industrial 

Isolated Commercial 90 2.0 

Small Group Commercial 120 2.0 

Anmore’s current land use zoning was used to assign fire flow requirements to each model node. 
Required fire flows at each node were chosen based on the land use surrounding the nodes. For nodes 
that neighboured two different land uses, the higher fire flow requirement was assigned to the node.  
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5.4 Supply Storage 

Water storage reservoirs are located at specific elevations to establish pressure zones within the 
distribution system. Typical design pressures within a zone vary from a minimum of 40 psi to a 
maximum of 120 to 150 psi. During a fire event, minimum pressures are allowed to drop to 20 psi. 

Water storage is used to balance and optimize supply and delivery of water. If properly sized, 
reservoirs will store water during low demand periods and supplement the source supply during PHD. 
Typically, reservoirs are designed to refill every day and to have adequate storage capacity to provide 
for balancing storage, which is estimated as 25% of MDD, and fire storage based on the FUS 
recommended flow and duration listed in Table 5-2. Emergency storage is also required. Storage 
volumes requirements are estimated based on the following formula: 

 

Where: 

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

5.5 Water Quality 

A chlorine residual of 0.2 mg/L is recommended for most drinking water distribution systems in 
North America. Challenges arise when municipalities are tasked with maintaining this residual 
chlorine concentration which is affected by numerous factors such as the fluctuations in usage within 
the system, the sizes and lengths of watermains, and the infrastructure available.  

While the water model created under this Water Utility Master Plan was not a water quality model, 
recommendations arising as proposed system improvements under this Plan include looping upgrades 
which will, to a certain extent, help to improve water quality in Anmore’s distribution system. Aside 
from this Water Utility Master Plan, Anmore had commissioned Opus DK to provide engineering 
services for the construction of the Anmore re-chlorination building to address any chlorine residual 
issues in 2013. The new facility allows Anmore to monitor the quality of water delivered to its 
residents. Further, other opportunities for preventing water stagnation are currently being pursued by 
Anmore, including the possible development of a Uni-directional Flushing Program for the utility.  

5.6 Fire Hydrant Coverage 

Anmore’s Works and Services Bylaw No. 242-1998 sets out guidelines which stipulate a required fire 
hydrant spacing of 100 metres within its service system. It is noted that Anmore desires to update the 
required fire hydrant spacing distance to reflect the guidelines set out in the FUS 1999 ‘Water Supply 
for Public Fire Protection’ guide, which recommends a maximum hydrant spacing of 180 metres in 
single-family residential areas and 90 metres in multi-family and institutional, commercial and 
industrial (ICI) areas.   
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6 System Capacity Analysis 

This section of the report covers the hydraulic analysis of the existing and future Anmore water 
system, based on current and OCP demand conditions. The objective of the analysis is to assess the 
system’s performance with respect to compliance with the level of service outlined in Section 5. The 
purpose of the analysis is to highlight deficiencies in the system and identify appropriate upgrading 
options for the short, medium and long term. 

Analysis covered in this section includes a review of the capacity of the source supply, an assessment of 
the available storage capacity, a review of the operation of the existing pump stations, and the available 
system pressures and fire flows in the distribution system.  

6.1 Source Supply Capacity 

Water is supplied by the City, via a 300 mm diameter watermain connection near the intersection of 
East Road and Blackberry Drive in Anmore. The water is supplied from the City’s 290 m HGL Pressure 
Zone. Table 6-1 provides a summary of Section 3.2 of the 1998 Water Supply Agreement between 
Anmore and the City, which identifies restrictions on the maximum daily water demand. 

Table 6-1: Maximum Daily Water Demand  
(Section 3.2, 1998 Water Service Agreement) 

Maximum Daily Water Demand 5.455 ML/day 

Maximum rate of flow in any one hour-interval 
from Zone 5 (Hickory Drive Reservoir) 

0.385 ML/hr 

Available supply from City's Zone 5 system 1.5 ML/day 

Under the existing and future OCP population demands, Anmore’s average daily withdrawal rate was 
found to be less than the available supply of 1.5 ML/day from the City as stipulated in the 1998 Water 
Service Agreement. The required and available average daily withdrawals are illustrated in Table 6-2. 

Table 6-2: Average Daily Withdrawal Rates 

Demand 
Scenario 

Average Daily Withdrawal 
Available 

Daily 
Supply 

(ML/day) 

Excess 
(ML/day) Deficient? 

ADD (L/s) ADD (ML/day) 

2014 ADD 8.8 0.8 1.5 0.7 NO 

2032 ADD 14.2 1.2 1.5 0.3 NO 

Table 6-3 illustrates the maximum rate of flow in a one-hour interval under existing and future OCP 
demands for a fire flow scenario using a maximum design criteria flow of 120 L/s and a duration of 2 
hours, as set out in Table 5-2 Proposed Fire Flow Requirements.  
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Table 6-3: Maximum Rate of Flow – Fire Flow Scenarios 

Demand 
Scenario 

Fire Flow Coincident to Maximum Day 
Demand Allowable 

Maximum 
Rate of Flow 

(ML/hr) 

Excess 
(ML/day) Deficient? 

MDD 
(L/s) 

Maximum Fire 
Flow Demand 
and Duration 

MDD + FF 
(ML/hr) 

2014 MDD 15.7 120 L/s @ 2 hrs 0.489 0.385 -0.104 YES 

2032 MDD 25.4 120 L/s @ 2 hrs 0.523 0.385 -0.138 YES 

The maximum rate of flow in any one hour-interval stipulated in the 1998 Water Supply Agreement 
was found to be exceeded under existing and future OCP demands for a fire flow scenario using the 
maximum design criteria fire flow demand and duration. These results illustrate the need for adequate 
system storage to meet fire flow and emergency demands, which Anmore is actively pursuing through 
the proposed construction of the Pinnacle Ridge Storage Reservoir discussed in the following section. 

Consideration towards increasing the maximum rate of flow allowed would be prudent. It is also 
understood that Anmore staff would like to consider a secondary connection to the City via the 
Hickory Drive Reservoir, which would provide some measure of source supply redundancy. The 
viability of this connection should be investigated further after completion of this Water Utility Master 
Plan. A joint stakeholder meeting between Anmore and City staff to discuss the secondary connection 
would be prudent. 

6.2 Storage Reservoir Capacity 

Anmore does not currently own or operate any existing reservoirs. The option to construct a new 
reservoir as part of Phase 2 of the Pinnacle Ridge development has been assessed in the hydraulic 
model by Opus DK. Table 6-4 illustrates the components that contribute to the storage volume 
capacity requirements under existing and future OCP demand conditions.  

Table 6-4: Future Storage Analysis 

Reservoir 
A -Fire 
Storage 

(ML) 

B -
Equalization 

Storage 
(ML) 

C - 
Emergency 

Storage 
(ML) 

Required 
Storage 
A+B+C 
(ML) 

Available 
Storage 

(ML) 

Excess 
(ML) Deficient? 

Existing    

Pinnacle 
Ridge 0.86 0.34 0.30 1.50 0.00 -1.50 YES 

2032 OCP    

Pinnacle 
Ridge 0.86 0.55 0.35 1.77 0.00 -1.77 YES 

While the forecasted storage volume requirement for the proposed Pinnacle Ridge Reservoir is 1.77 
ML, this requirement may be lowered if Anmore is allowed to take advantage of the excess storage at 
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the City’s Hickory Drive Reservoir. In the City’s Water Distribution System Hydraulic Analysis Report 
(Opus DaytonKnight Consultants Ltd., 2014), under the City’s 2041 OCP demand condition, the excess 
storage at the Hickory Drive Reservoir was determined to be 0.71 ML.  

If the Pinnacle Ridge Reservoir is constructed and the projected excess storage volume at the City’s 
Hickory Drive Reservoir is taken advantage of, the required storage volume to meet balancing, 
fire, and emergency storage in Anmore can be supplied by a Pinnacle Ridge Reservoir 
sized at 1.06 ML.  

Based on a previous study entitled “Water Servicing Options for the Pinnacle Ridge Development 
Village of Anmore” (Dayton & Knight Ltd., November 2007), the recommended size of the Pinnacle 
Ridge Reservoir was 0.75 ML, based on demand estimates projected for the year 2021.  

6.2.1 Storage Reservoir Recommendations 

The proposed Pinnacle Ridge Reservoir was reviewed to provide Anmore with the necessary balancing, 
fire, and emergency storage volumes required under future demand conditions. It is recommended 
that the Pinnacle Ridge Reservoir be constructed with a storage volume capacity of 1.06 ML, provided 
that Anmore takes advantage of the excess storage at the City’s Hickory Drive Reservoir. Anmore’s 
continued reliance on the excess storage from the Hickory Drive Reservoir must be clearly understood 
by Anmore and communicated to the City well into the future. The continued access to storage 
volumes from the City’s Hickory Drive Reservoir for Anmore’s and the City’s demands helps to 
promote turnover of the reservoir and benefits both municipalities.  

6.3 Pump Station Capacity 

This section provides an assessment on the capacities of Anmore’s pump stations to determine if they 
are able to meet the design criteria set out in Section 5. The model build-out of the Uplands and 
Pinnacle Ridge Pump Stations, along with key assumptions and pump curves used, is detailed in 
Appendix B.  

Table 6-5 compares the required capacity to the available pumping capacity under the PHD condition, 
for both the existing and 2032 OCP demand conditions. For the existing system, only the Uplands 
Pump Station was analyzed, as the Pinnacle Ridge Pump Station is not normally operational under 
current conditions.  
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Table 6-5: Uplands Pump Station Analysis 

Pump Station Service Area 
Zone (HGL) 

Capacity 
Required (L/s) 

Design 
Capacity (L/s) Excess (L/s) Deficient? 

Existing 

Pinnacle Ridge  Pump Zone I 
(411 m) - - - - 

Uplands Pumped Zone 
II (377 m) 1.0 3.0 2.0 No 

2032 OCP 

Pinnacle Ridge  Pump Zone I 
(411 m) 0.13 6.4 6.3 No 

Uplands Pumped Zone 
II (377 m) 1.27 3.0 1.73 No 

 

Based on the analysis above, the Uplands Pump Station is adequate in meeting the existing PHD of 
Pumped Zone II. Furthermore, both the Uplands Pump Station and the Pinnacle Ridge Pump Station 
are adequately sized in terms of meeting the future PHD. 

6.3.1 Pump Station Recommendations 

6.3.1.1 Uplands Pump Station 

The Uplands Pump Station was found to adequately meet existing and future service level 
requirements. No recommendations are required at this time.  

6.3.1.2 Pinnacle Ridge Pump Station 

The Pinnacle Ridge Pump Station was designed to provide flows to the proposed Pinnacle Ridge 
Storage Reservoir. Under the proposed development plan, the storage reservoir would provide 
balancing and fire storage for the entire Anmore water system. To meet future service pressure and 
fire flow requirements, Phase 2 of the Pinnacle Ridge development should be implemented, and the 
Pinnacle Ridge Pump Station should be configured as intended for the future build-out, as shown in 
Water System Schematic (Figure 2-2 in Section 2).  

6.4 Transmission and Distribution 

The hydraulic analysis of the watermains was performed using the hydraulic water model built in 
WaterCAD. 

6.4.1 Service Pressure Analysis 

Existing and future ADD, MDD, and PHD scenarios were simulated to review service pressures 
throughout the system. Figures 6-1 and 6-2 illustrates the peak hour pressures throughout the system 
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under existing and 2032 OCP demand scenarios. Figures 6-3 and 6-4 illustrate available fire flows 
coincident to MDD throughout the system under existing and 2032 OCP demand scenarios.  

6.4.1.1 Average Day Demand 

The maximum pressure within each zone occurs at the property at the lowest elevation compared to 
the HGL of the zone set either by a reservoir, PRV or pump.  

Under the existing demand scenario, no nodes were identified with pressures exceeding 150 psi. Under 
the 2032 OCP demand scenario, there are 2 nodes with pressures exceeding 150 psi immediately 
downstream of the Pinnacle Ridge Pump Station, which was designed to pump to an elevation of 455 
m to reach the proposed reservoir in Phase 2 of the development construction. As such, it is expected 
that there would be service pressure exceedances if the existing system without the further 
development build-out was used to meet future ADD in the area. 

Recommendations at the end of this section will address these high pressure concerns. 

6.4.1.2 Peak Hour Demand 

The minimum pressures within each zone occur at the property at the highest elevation compared to 
the HGL of the zone set either by a reservoir, PRV or pump. Three (3) nodes were identified as 
pressure deficient (pressure < 40 psi) under the existing and 2032 OCP demand scenarios. Table 6-6 
below compares the existing and OCP deficiencies. 

Table 6-6: Existing and OCP Service Pressure Deficiencies 

Model 
Node ID Location 

Existing Peak 
Hour Service 

Pressure (PSI) 

OCP Peak 
Hour Service 

Pressure (PSI) 

3646 
Downstream of the 

Thomson East PRV, at the 
end of Wyndham Crescent 

39.1 37.4 

3692, 
4069 

Immediately downstream of 
the Sunnyside PRV station 

36.2, 
34.4 

36.0, 
34.3 

Though Anmore had requested Opus DK to provide PRV setpoints prior to the construction of the 
model for the purposes of establishing suitable pressures within its zones, the model calibration 
process has found a lower than expected setpoint set at the Sunnyside and Elementary PRV stations. 

Recommendations at the end of this section will address these low pressure concerns.  
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6.4.1.3 Maximum Day Demand Plus Fire Flow 

The results from the fire flow analysis are summarized in Figures 6-3 and 6-4 which illustrate the 
various ranges of fire flow requirements and availabilities throughout the system, as well as identify 
where deficiencies are occurring. A model node is fire flow deficient if the node fails to maintain a 
residual pressure of at least 20 psi while supplying the required fire flow under the MDD. 

Under the existing and 2032 OCP demand scenarios, the model predicted thirty-one (31) and forty-
one (41) fire flow deficient nodes, respectively. Additional deficient nodes were manually checked and 
disregarded as deficient if one of the following applied:  

 The deficient node is located along a private main; or, 
 There is no hydrant in the vicinity of the deficient node. 

Results from the fire flow analysis coincident to MDD are broken down by land use and demand 
scenario as listed in Table 6-7.  

Table 6-7: Summary of Fire Flow Deficiencies 

Land Use 

Number of Fire Flow  
Deficient Nodes(1) 

Existing 2032 OCP 

Urban 
Single Family (RS-1) 24 33 

Cluster Housing (RS-2, RS-3) 0 0 

Suburban 
Extensive Rural & Recreational (A-1) 

2 2 
Campgrounds 

School (Any Zone) 0 1 

Institutions (P-1) 0 0 

Commercial 
& Industrial 

Isolated Commercial 5 5 

Small Group Commercial 0 0 

TOTAL  31 41 
(1) Based on current approximation of hydrant locations; subject to change. 

The number of nodes unable to achieve the required residual pressure at the desired fire flows account 
for over 15% (31/205) and 20% (41/210) of the system nodes under the existing and 2032 OCP 
demand scenarios, respectively. Many areas where the desired fire flow levels cannot be achieved are 
either at dead ends in the system, or along undersized watermains within the water network.  

Recommendations at the end of this section are able to resolve the existing fire flow deficiencies.  
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6.4.2 Distribution System Recommendations 

The recommendations to overcome the deficiencies above are detailed below in Table 6-8 and are 
illustrated in Figures 6-5 through 6-8. One additional project (UG-6) was included to improve the 
reliability of the water system. UG-6 involves the replacement of the aging Elementary PRV station 
with a new PRV station which would have a lead and a lag valve for times of high and low flows, 
respectively. The new PRV station would be built adjacent to the existing Elementary PRV station, 
which would allow for continued service downstream until such time that the new PRV station is 
commissioned.  

Table 6-8: Existing Distribution System Upgrade Recommendations 

Item Proposed Work Deficiency 
Resolved 

UG-1 
The watermain along Spence Way should be looped to the watermain along 
Leggett Drive with a 200 mm diameter watermain, 688 m in length. 

Fire Flows, 
Dead End 

System 

UG-2 
The 150 mm ø watermain along Sunnyside Road between Anmore Creek 
Way and Hemlock Drive should be replaced with a 250 mm diameter 
watermain. 

Fire Flows 

UG-3 
The watermains along Anmore Creek Way and Sugar Mountain Way should 
be looped to the watermain terminating at the north end of Fern Drive using 
200 mm diameter watermains, 662 m in total length.  

Fire Flows, 
Dead End 

System 

UG-4 
The 150 mm ø watermain along Sugar Mountain Way/Spence Way crossing 
Sunnyside Road should be replaced with a 200 mm diameter watermain,  
561 m in length. 

Fire Flows 

UG-5 
The properties along Wyndham Crescent should be disconnected from the 
247 m HGL pressure zone and reconnected to the 288 m HGL Pressure 
Zone via a tie-in to the 250 mm diameter watermain along East Road. 

Fire Flows,  

Low Service 
Pressures 

UG-6 
The Elementary PRV Station is to be replaced with a new PRV station which 
would have a lead and a lag valve for times of high and low flow. 

System 
Reliability 

UG-7 
The watermain along Chestnut Crescent should be looped to the watermain 
along Sunnyside Road via Eaglecrest Road with a 200 mm diameter 
watermain, 391 m in length. 

Fire Flows, 
Dead End 

System 

UG-8(1) 
The lead and lag PRV setting at the Sunnyside PRV station should be 
increased by 14 psi, from 33 psi to 47 psi, and 25 to 39 psi, respectively. 

Low Service 
Pressures 

(2) Sunnyside PRV settings to be changed during annual maintenance, therefore this upgrade is not 
included in the Capital Upgrades Plan.  
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6.5 Hydrant Coverage  

A mapping of Anmore’s existing fire hydrants was carried out to determine the area of influence and 
coverage of existing hydrants. Based on available record data, Anmore currently operates 145 
hydrants. Figure 6-9 illustrates the existing hydrant coverage mapping and identifies areas where 
coverage is deficient through recommended locations of new hydrants. Coverage for hydrants is 
illustrated in two circles as required for each hydrant, a smaller circle representing a 90 metres 
diameter coverage (which indicates the multi-family and ICI servicing distance), and a larger circle 
representing a 180 metres diameter coverage(which indicates the single-family residential servicing 
distance).  

An analysis for future hydrant coverage requirements was not carried out for the purposes of this 
report. Future hydrant servicing requirements should be made on a case-by-case basis in the course of 
the construction approval processes for new developments as they occur in Anmore.  

6.5.1 Recommendations 

Anmore’s Works and Services Bylaw No. 242-1998 should be revised to reflect the FUS 1999 ‘Water 
Supply for Public Fire Protection’ guide, which recommends a maximum hydrant spacing of 180 
metres in single-family residential areas and 90 metres in multi-family and institutional, commercial 
and industrial (ICI) areas.   

In accordance with the FUS guidelines, there are an additional 4 fire hydrants recommended for 
Anmore’s water distribution system, which are illustrated in Figure 6-9. 
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7 Capital Upgrades Plan and Costs 

Section 6 has set out the recommended water system upgrades to address water system deficiencies 
under the existing and future OCP demand scenarios. The projects identified through our hydraulic 
analysis prioritize existing system deficiencies and critical system conveyance issues, with 
consideration for long term improvements which focus on addressing level of service deficiencies 
under future OCP conditions.  

7.1 Cost Estimate Basis 

Cost estimates provided in the Capital Upgrades Plan were prepared based on unit cost rates from 
recent construction projects within Anmore and Opus DK’s cost database, adjusted to 2014 dollars. 
Table 7-1 summarizes the unit costs used to estimate the capital upgrades works. These unit costs do 
not include additional costs for desired right-of-ways for the watermain looping projects.  

Table 7-1: Unit Rates for Budgeting 
Asset Size Unit Cost ($) Unit 

Watermains 
200 mm  500 Lin. m 

250 mm 600 Lin. m 

PRV Stations 150 mm Lead PRV  53,000 L. Sum 

Reservoir All 700 Cubic m 

Fire Hydrant All 4,000 Each 

 
In addition to the base costs derived from the unit rates above, allowances were made for 15% 
engineering fees and 15% for contingency.  

For future adjustment, an Engineering News Record (ENR) Construction Cost Index of 9,806 (2014 
average) is recommended to account for inflation and increased labour and construction costs over 
time. 

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

7.2 Capital Upgrades Plan  

The improvement projects for Anmore’s water system identified in Section 6 (including 
recommendations on storage, pump stations, distribution mains and fire hydrants) form the basis of 
the Capital Upgrades Plan summarized in Table 7-2.  



Engineering and Contingency (%) 30%

Village of Anmore DCC/Developers Village of Anmore DCC/Developers

ID Description
System Requirement 

Addressed

Infrastructure 

Upgrade

Capital 

Investment
Developer Funded Quantity  Unit Unit Costs 

(2) Cost ($)
 Cost + E&C ($)

(2014 dollars) 
Year 2016 2017 2018 2019 2020 Subtotal

UG-1
Install a 200 mm watermain to connect Spence Way 

to Legget Drive

Fire Flows, 

Dead End System
 256  Lin. m   $                500  $        128,000  $            166,400 67.33% 32.67%  $                   112,037  $                   54,363 2017-2016  $               124,800  $                 41,600  $                 166,400 

H-1 Install four new fire hydrants Hydrant Coverage  4  each  $             4,000  $          16,000  $              20,800 67.33% 32.67%  $                     14,005  $                      6,795 2016  $                 20,800  $                   20,800 

UG-2

Upsize 150 mm watermain along Sunnyside Road 

between Anmore Creek Way and Hemlock Drive to 

250 mm

Fire Flows  422  Lin. m   $                600  $        253,200  $            329,160 67.33% 32.67%  $                   221,623  $                 107,537 2017  $               329,160  $                 329,160 

PR-1
(3) Construct the 1.06 ML Pinnacle Ridge Storage 

Reservoir
Storage  1060  Cubic m  $                700  $        742,000  $            964,600 0.00% 100.00%  $                              -    $                 964,600 2018-2019  $               144,690  $               819,910  $                 964,600 

UG-3

Install a 200 mm watermain to connect watermains 

along Anmore Creek Way, Fern Drive, and Sugar 

Mountain Way

Fire Flows, 

Dead End System
 662  Lin. m   $                500  $        331,000  $            430,300 67.33% 32.67%  $                   289,721  $                 140,579 2019  $               430,300  $                 430,300 

UG-4

Upsize 150 mm watermain along Sugar Mountain 

Way/ Spence Way, crossing Sunnyside Road, to 200 

mm

Fire Flows  561  Lin. m   $                500  $        280,500  $            364,650 67.33% 32.67%  $                   245,519  $                 119,131 2017  $               364,650  $                 364,650 

UG-5

Reconnect properties along Wyndham Crescent to 

288 m Pressure Zone via a tie-in to the 250 mm 

watermain along East Road

Fire Flows,

Low Service Pressures
 215  Lin. m   $                500  $        107,500  $            139,750 67.33% 32.67%  $                     94,094  $                   45,656 2019  $               139,750  $                 139,750 

UG-6
Replace the Elementary PRV Station with a new PRV 

station with a lead and lag valve
System Reliability  1  each  $           53,000  $          53,000  $              68,900 67.33% 32.67%  $                     46,390  $                   22,510 2020  $                 68,900  $                   68,900 

UG-7
(4) Install a 200 mm watermain to connect Chestnut 

Crescent to Eaglecrest Road

Fire Flows, 

Dead End System
 391  Lin. m   $                500  $        195,500  $            254,150 0.00% 100.00%  $                              -    $                 254,150 2017  $               254,150  $                 254,150 

Village of Anmore 

Infrastructure Upgrades
-$                       467,142$               -$                       94,094$                 -$                       561,236$                 

Village of Anmore

Capital Investments
14,005$                 84,028$                 28,009$                 289,721$               46,390$                 462,153$                 

DCC funded 

Capital Upgrades & Investments
6,795$                   267,440$               13,591$                 186,235$               22,510$                 496,571$                 

Developer Funded -$                       254,150$               144,690$               819,910$               -$                       1,218,750$              

Subtotal 20,800$         1,072,760$    186,290$       1,389,960$    68,900$         2,738,710$   

Table 7-2 Capital Upgrades Plan
Village of Anmore - Water Utility Master Plan

Cost Allocation (%)
(1) Cost Allocation ($)

(2014 dollars)

Notes: 

            (1) According to best practices, Cost Allocation includes a minimum 1% Assist Factor for DCC funded projects which is the contribution to the DCC cost that the existing municipality is recommended provide.

            (2)Watermain installations do not include desired right-of-ways 

           (3) Current Capital Upgrades Plan assumes that the Pinnacle Ridge Development will fully fund the construction of the reservoir.

           (4) Current Capital Upgrades Plan assumes that the Development will fully fund the construction of the watermain
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8 Long-Term Financial Plan 

Anmore’s water distribution system in comparison to other municipalities in British Columbia is 
relatively new with the majority of infrastructure installed over the past decade.  Unlike municipalities 
with aging water distribution systems and associated infrastructure backlogs, Anmore has the 
opportunity to financially plan the long-term operation, maintenance, and renewal of its potable water 
infrastructure. In other words, Anmore is in a position from which to plan for the long-term financial 
sustainability of the water utility. 

 

8.1 Asset Management and Financial Plan Best Practices 

Achieving financial sustainability of a water utility takes time and requires well established asset 
management practices that are integrated with long-term financial plans. The financial 
recommendations included in this report were made to help put Anmore on the path towards 
sustainable water rates and charges. They should allow for Anmore staff to appropriately budget for 
and fund the ongoing costs of operating, maintaining, renewing, and growing its water utility. 

Some of the preliminary steps of asset management planning outlined in the InfraGuide document 
“Managing Infrastructure Assets” were taken by the project team on behalf of Anmore. These formed 
the basis of the recommended long-term financial plan. The preliminary steps taken and the 
recommended next steps that will assist Anmore in improving their asset management planning 
practices are outlined in Table 8-1: Managing Infrastructure Assets. 

 

Financial sustainability means having adequate funds to pay for the current 
cost of operating and maintaining our water and wastewater systems, and 
proactively planning to ensure there will be funds to eventually replace systems as 
they age and come to the end of their useful life.  Financial sustainability is a key 
principle for safeguarding water, sewer, and storm water system so that they 
continue to protect public health and the environment, and contribute to economic 
development. 
 

Are our Water Systems at Risk? 
Assessing the Financial Sustainability of BC’s Municipal Water and Sewer Systems 

BC Water & Waste Association, February 2015 
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Table 8-1: Managing Infrastructure Assets 
Asset Management 

Component 
Requirements1 

Preliminary Steps Next Steps 

Asset Value  An asset inventory of the water distribution system assets was 
developed. The facilities were broken down into mechanical, 
electrical, and structural components. 

 Asset installation dates, estimated replacement costs, and 
expected service lives were used to forecast when the renewal 
costs of the water distribution system components would occur. 

 Operational levels of service were reviewed and 
recommendations were put forth to improve the management of 
the water distribution system. 

 Inventory the components of facilities to a greater 
level of detail and capture the attribute data 
through ongoing operational practices.  

 

Life-Cycle Management 

Sustainability 

Integration of Technical 
and Financial Plans 

 The financial plan was developed from the costs associated with 
the recommendations for operational levels of service review, 
the renewal schedule derived from the asset inventory, and the 
Capital Upgrades Plan. 

 Revisions to replacement costs and operational 
levels of service should be completed once a year 
through the budgeting process. 

Risk Assessment  A risk assessment of the network was not completed as part of 
this Water Utility Master Plan. 

 Elements of risk management were captured in the operational 
levels of service review. 

 Operational levels of service should be revised as 
the condition of the assets changes over time, the 
network expands, and customer expectations 
change. 

Performance 
Measurement 

 Hydraulic analyses of the existing system and forecasted future 
system demands were conducted to identify areas of the 
network that do not meet performance threshold.  

 Recommended capital projects were put forward to improve 
network performance according to fire flow and pressure 
indicators. 

 Verification of the network performance through a 
subsequent Water Master Plan. 

High-Level and Detailed 
Plans 

 An asset management plan was not documented as part of this 
Water Utility Master Plan though a preliminary analysis was 
completed as part of the financial analysis. It is based on service 
life assumptions and assumptions on the cost breakdown of 
facility components.   

 Future revisions to the financial analysis, should 
include a breakdown of the facility components 
and revisions to service lives according to the 
condition of assets.    

1. https://www.fcm.ca/Documents/reports/Infraguide/Managing_Infrastructure_Assets_EN.pdf 
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The Government Finance Officers Association which represents public finance officials throughout 
Canada has developed best practices for the elements of a long-term financial plan.  These best 
practices and how the recommended long-term financial plan meets them are outlined in Table 8-2: 
Long-Term Financial Plan Best Practices. 

Table 8-2: Long-Term Financial Plan Best Practices 
Best Practice1 Financial Plan 

T
im

e 
H

or
iz

on
 

A plan should look at least five to ten years into the 
future. 

The Capital Upgrade Plan accounts for growth 
projected in the OCP and addresses existing and 
future deficiencies in the water distribution system.  

Operational, maintenance, and inspection (OMI) 
programs were recommended to improve the 
monitoring and maintenance of the physical sate of 
the water utility infrastructure.  The recommended 
programs were scheduled to commence in 2016 
when funds were assumed to become available. 

The financial plan forecasts expenses through to the 
year 2112 to account for complete system renewal – 
a ductile iron water main installed in 2013 has an 
expected service life of 100 years. 

S
co

p
e A plan should consider all appropriated funds, but 

especially those funds that are used to account for 
the issues of top concern to elected officials and the 
community. 

The plan forecasts revenues from the existing 
funding model as well as the use of capital and 
operating reserves. 

F
re

q
u

en
cy

 

Governments should update long-term planning 
activities as needed in order to provide direction to 
the budget process, though not every element of the 
long-range plan must be repeated. 

It is recommended that on an annual basis the 
financial plan be reviewed, expenditures forecasts be 
updated, and inflation estimates be revised.  The 
funding model should then be reviewed in light of 
the revised financial plans. 

C
on

te
n

t 

A plan should include an analysis of the financial 
environment, revenue and expenditure forecasts, 
debt position and affordability analysis, strategies 
for achieving and maintaining financial balance, and 
plan monitoring mechanisms, such as scorecard of 
key indicators of financial health. 

The plan includes forecasts of all expenditures 
related to the water utility, reserve balances are 
tracked on an annual basis, reserve balance targets 
are achieved by the end of time horizon, and liability 
servicing costs are calculated on an annual basis. 

The ‘Indicators of Financial Sustainability’ recently 
released by the BC Water & Waste Association were 
used to assess the forecasted financial health of the 
Anmore Water Utility. 

V
is

ib
il

it
y 

The public and elected officials should be able to 
easily learn about the long-term financial prospects 
of the government and strategies for financial 
balance. Hence, governments should devise an 
effective means for communicating this information, 
through either separate plan documents or by 
integrating it with existing communication devices. 

A financial model was developed for the purposes of 
communicating the financial plan to various 
stakeholders.  The financial model combines the 
complexities of the financial and engineering 
disciplines and is able to illustrate the short and long 
term implications of various decisions.   

1. http://www.gfoa.org/long-term-financial-planning-0  
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8.2 Financial Planning 

A long-term financial plan should be considered a living document which should be revised in light of 
changing environmental, economic, and social conditions.   

Forecasting costs and the development of a long-term financial plan for the water utility is an iterative 
process whereby the results of the analysis based on today’s assumptions provide the feedback which 
influences the decisions on the timing of capital and rehabilitation projects, service levels, and the 
funding model.  To develop the long-term financial plan, a financial model specific to Anmore’s water 
utility was created.  The financial model forecasts costs and revenues based on today’s assumptions, 
translates the modelling results into a financial plan, and is able to communicate the financial 
planning process to various stakeholders through illustrative graphs.  

The financial model calculates the revenues required to fund: 

 Water supply costs from the City; 
 Levels of Service – Operations, Maintenance, and Inspections (OMI) programs; 
 Water utility administration 
 Rehabilitation and replacement of existing infrastructure; 
 Capital Upgrades Plan; 
 Long-term borrowing costs; and 
 Reserve contributions. 

The forecasted revenues and expenses of the water utility are checked against the indicators of 
financial sustainability outlined Table 8-3.  The ‘Optional Long-Term Targets’ were referenced from 
literature and it is recommended that Anmore develop their own long-term targets for each of the 
indicators.  

Table 8-3: Indicators of Financial Sustainability 
Description of Indicator Optional Long-

Term Target 

O
p

er
at

in
g 

S
u

rp
lu

s 
R

at
io

 

The Operating Surplus Ratio indicates whether revenues recover the full costs 
to operate and sustain the system, including renewal and replacement of existing 
infrastructure.1 
 A positive ratio indicates the percentage of total revenues available to fund 

proposed capital expenditures.2 
 A negative ratio indicates the percentage increase in total revenues that would 

have been required to achieve a break-even operating result.2 
Note: A positive Operating Surplus Ratio must correspond with revenues and 
expenses that achieve full-cost recovery. 

0% to 15%1,2 
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Description of Indicator Optional Long-
Term Target 

R
es
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ve

s 
to
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The Reserves to Operating Expense Ratio indicates the short-term resilience 
to unexpected changes in revenues or costs.1 
 A reserve to operating expense ratio of 12.5% or greater means that the 

reserve savings are considered to be adequate to buffer against unexpected 
changes in revenues or operating costs from year to year.1 

 A reserve to operating expense ratio below 12.5% indicates that a community 
may be vulnerable to unexpected revenue shortfalls or unanticipated 
expenses, and as a result may have difficulty delivering the expected level of 
service or recovering from change when an unexpected event occurs.1 

Greater than 
12.5%1 

L
ia

b
il

it
y 

S
er

vi
ci

n
g 

C
os

t 

The Liability Servicing Cost indicates the ability of a municipality to pay for past 
transactions and events. The maximum value is 25% of a municipalities 
controllable and sustainable revenues from the previous year.3 

Note: For a self-funded water utility it can be argued that the same maximum 
should apply. 

Maximum 25%3 

1. Are our Water Systems at Risk? Assessing the Financial Sustainability of BC’s Municipal Water and Sewer Systems, BC 
Water & Waste Association, February 2015. 
https://www.bcwwa.org/resourcelibrary/Are%20Our%20Water%20Systems%20at%20Risk%20-
%20Full%20Report.pdf  

2. LGA ‘Financial Sustainability’ Information Paper No.9: Financial Indicators, LGA of South Australia, 2012. 
3. British Columbia Community Charter – Liability Servicing Limits. 
 
8.2.1 General Assumptions 

General assumptions regarding the serviced population, water demand, inflation, engineering design 
and contingency costs were made in the development of the long-term financial plan.  Some of the 
financial risks associated with these assumptions were highlighted and scenarios of long-term revenue 
projections were provided to illustrate the potential risks to revenues. 

8.2.1.1 Financial Modelling Period 

The year 2014 was selected as the base year from which to forecast future costs. 

Expenses and revenues were forecasted to the end of 2032 to be consistent with the planning period of 
the 2014 Official Community Plan (OCP).  Expenses were also forecasted to the end of 2112 to 
illustrate the long-term rehabilitation and replacement costs for complete renewal of the water utility 
infrastructure as it relates to services lives that go well beyond 2032. 

8.2.1.2 Serviced Population 

Anmore’s 2014 OCP provided low, medium, and high population growth rates.  For the purposes of 
modelling the future hydraulic demands of the water distribution system a medium growth rate was 
considered conservative.  This ensures that if the medium growth rate is achieved Anmore would have 
adequately planned for meeting future water demands.  However, the projection of future revenues 
were considered to be conservative if based on a lower than expected serviced population growth rate.  
An under-estimation of growth was logical for the purposes of planning for financial sustainability in 
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light of the investments required to provide expected levels of service, improve fire flows and service 
pressures, and contribute to planned capacity upgrades.   

As estimated in Section 3.1.1, a population of 2,078 was serviced by Anmore’s water distribution 
system in 2014 with an additional 194 residents serviced by private wells.  Anmore’s 2014 OCP 
forecasted that in the low growth scenario an average annual growth rate of 1.6% per year would result 
in an additional 924 people by 2032.  For the purposes of the long-term financial plan, it was further 
assumed that all new residents, as well as half of the existing residents serviced by private wells, will be 
serviced by Anmore’s water distribution system for a total serviced population of 3,100 people in 2032.  
The equivalent average annual serviced population growth rate was therefore assumed to be about 
2.25% per year. 

A financial implication to note here is that an average annual serviced population growth rate of 
2.25% per year is aggressive as the average annual growth rates in the low and medium scenarios of 
the OCP were only 1.6% and 2.2% per year, respectively.  To illustrate the financial risk associated with 
population projections, a scenario was analysed in which the average annual serviced population 
growth rate was limited to 1.6% per year while maintaining the same Capital Upgrades Plan and the 
recommended OMI programs - see Alternative 1 in Section 8.2.9.2.  

8.2.1.3 Water Demand 

According to Anmore’s water utility billing records, the total metered water consumption in 2014 was 
240,048 m3 which equates to about 316 l/c/d.  However, in 2014 the City charged Anmore for the use 
of approximately 278,109 m3 (estimated from a total charge of $279,055 at a rate of $1.0034 per m3) 
or equivalently 366 l/c/d.    For the purposes of modelling the future water demands of Anmore, an 
average per capita demand of 366 litres per day with an assumed leakage rate of about 13.5% was 
chosen (ratio of the total metered water consumption and the amount of water supplied by the City), 
with a portion of the volume of water unaccounted for due to hydrant flushing.  

The amount of water supplied by the City was based on a water supply meter that is thought to have a 
reduced accuracy and is scheduled to be replaced in 2015.  Therefore, leakage rate and amount paid to 
the City in future years may change. 

A financial implication to note here is that the total metered water consumption is the primary 
source from which Anmore recovers the revenues required to operate and maintain the utility.  
Therefore, a decrease in the total metered water consumption directly results in a decrease in revenues 
recovered.  A decrease in water consumption could be due to, for example, changes in water use 
practices, weather, or as a consequence of higher volumetric water rates.  To illustrate the financial 
risk, a scenario was analysed in which water consumption is reduced by 5% (~10 l/c/d) each year until 
the average per capita demand reaches 300 l/c/d (equivalent to net water demand of 260 l/c/d if the 
leakage rate remains at 13.5%) - see Alternative 2 in Section 8.2.9.2.   

8.2.1.4 Inflation 

Increased costs due to inflation are an important yet unpredictable variable in long-term financial 
plans.  To provide an order-of-magnitude estimate of future costs due to inflation all costs were 
inflated from 2014 dollars based on the assumed inflation rates listed in Table 8-4. 
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Table 8-4: Inflation Rates 

Cost Inflation Rate  
(per year) Rationale 

Infrastructure 3% Based on a review of the Engineering News Record Historical 
Construction Cost Index.  The average annual increase over the past 5 
years was close to 2.75% and the January 2014 to January 2015 increase 
was 3.19%.  A forecast of 3% was therefore considered to be a reasonable 
estimate that is sufficiently conservative for financial planning. 

Operations 1.5% Based on a review of the historical Vancouver Consumer Price Index.  
The average annual increase over the past 5 years was 1.34% with a 
minimum of 0.2% in 2013 and a maximum of 2.3% in 2011.  A forecast of 
1.5% was therefore considered to be a reasonable estimate that is 
sufficiently conservative for financial planning. 

Water Supply 
Costs 

$0.05 See Section 8.2.2. 

 
8.2.1.5 Engineering Design and Contingency 

The rehabilitation and replacement cost estimates were increased by 30% to account for engineering 
design and contingencies. 

8.2.2 Water Supply Costs from the City 

As per the 1998 Anmore Water Supply Agreement, the City provides potable water to Anmore.  The 
volumetric charge for water supplied by the City to Anmore is the total of: 

 The unit rate for City water, as established by the City bylaw from year to year; and, 
 The estimated direct power cost to the City for the relevant year of pumping water to Anmore 

under this Agreement which shall be the Power Usage multiplied by the B.C. Hydro rate. 

Therefore, Anmore’s volumetric charge is dependent on the volumetric rate charged by the City which 
is, in turn, dependent on rates set by Metro Vancouver and B.C. Hydro.  The historical rate increases 
from the City were used to estimate future increases. 

Table 8-5: City of Port Moody Volumetric Charge 
City of Port Moody 2011 2012 2013 2014   2015 

Water Rate ($/m3) 
($/100ft3) 

$0.7734 
$2.19 

$0.7946 
$2.25 

$0.7946 
$2.25 

$0.8334 
$2.36 

$0.8652 
$2.45 

Direct Power Cost ($/m3) $0.15* $0.16* $0.16 $0.17 $0.18* 
Total Volumetric 
Charge 

$0.9234 $0.9546 $0.9546 $1.0034 $1.0452 

Annual Increase  $0.0312 $0 $0.0488 $0.0418 
*Estimate of the Direct Power Cost for illustrative purposes. 
 
Based on the historical increases in volumetric rates from the City, it was assumed that the Total 
Volumetric Charge would increase by $0.05 per year after 2015.  While this assumption may be an 
over-estimate, it is prudent to be conservative because of the number of variables contributing to the 
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Total Volumetric Charge for water; namely, Metro Vancouver bulk water rates, B.C. Hydro rates, and 
the City’s water utility costs. 

Our high-level review of the unit rates charged by the City to Anmore indicate that they are based on 
the City’s standard rates to residents and City ICI users, and that these rates could include costs not 
associated with delivering water directly from the GVWD system to Anmore. While it is not within the 
scope of our assignment to critically review the terms and application of this agreement, we comment 
as follows: 

 The $0.8334/m3 unit rate being used by the City as the basis for charging Anmore is the rate 
established under City of Port Moody Fees Bylaw No. 2971 of 2013. This bylaw is applicable to 
residents and ICI users living within the City and will likely include costs for operating, 
administrating, supplying water, and ultimately the capital replacement of the entire City’s water 
system. Operating costs would include for the cost of pumping water throughout the distribution 
system. 
 

 Anmore is being charged for pumping power costs of $0.17/m3 which is in addition to the 
$0.8334/m3 unit rate. 

 
 It could be argued, that Anmore, as a member of the GVWD should only be paying for the direct 

costs of supplying water from the GVWD trunk main to the Anmore boundary, and that this could 
likely include: 
o The GVWD cost of water supplied to Anmore (currently approximately $0.57/m3 - $0.72/m3, 

depending on the season); 
o Proportion of operating and maintaining the infrastructure used to convey water from GVWD 

to Anmore. The proportioning of cost should be related to the proportion of water conveyed in 
the infrastructure that is used by Anmore versus the City. Infrastructure associated with 
supplying Anmore’s water would mostly include portions of: the 800 m long 300 mm diameter 
supply pipe; storage; and the pumping facility; 

o Proportion of capital replacement similar to that of proportioning the operating and 
maintenance costs; and, 

o An administration cost for the City related to supply water to Anmore. 

The cost of water supply is a significant component of Anmore’s overall water costs, and we suggest the 
1998 agreement be reviewed to ensure the fairness embodied in its intent, is being implemented. Note 
that the agreement makes provision for its review every 5 years. 

Note that these comments are being made at a relatively high level, and there may well be issues with 
which we are unaware, that have been accounted for in the application of the current unit rate. 
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8.2.3 Levels of Service –Operations, Maintenance, and Inspections 

As part of the 2015 Water Utility Master Plan, Anmore requested a review of the existing service levels 
to determine an appropriate funding model to support current and long-term operating needs. One of 
the goals of asset management is to ensure delivery of the service level agreed to, and paid for, by 
customers at the lowest life cycle cost. A key element in achieving this goal is to ensure assets meet 
their expected service lives through asset care measures. Another key element is to monitor asset 
condition and asset performance to intervene at the optimum point in its service life to either upgrade, 
repair, or replace the asset or its components. Maintenance and monitoring must be completed with 
sufficient regularity that mitigates the risk of not delivering the level of service agreed to. The question 
is: what do we do, what do we measure, and how often do we do this? 

Local governments most often build their operating budgets based on the previous year’s 
expenditures. This approach reinforces the political and public expectation that budgets should remain 
static, yet, this is not a true reflection of the variance in the financial investments that governments 
like Anmore require to maintain infrastructure over time. 

The legitimacy of Anmore’s sought after long-term financial plan is reliant on well-defined Operations, 
Maintenance, and Inspection (OMI) programs and appropriate service levels for each. Opus DK 
provided recommendations in Technical Memorandum #4: OMI Program Plan & Condition Rating 
System regarding the scope of current operational practice/procedures and technical service levels. 
These recommendations were captured in an annual OMI program plan which was built to also reflect 
the changes to the asset inventory that will stem from the Capital Upgrades Plan.  Table 8-6 provides a 
breakdown of the recommended annual OMI costs for each asset class identified in the detailed 
lifecycle review.  

 

Table 8-6: OMI Program Financial Analysis 

Asset Class Approximate Annual OMI Cost  
(2014 Dollars) 

Water Sampling Stations $11,527 

Rechlorination Station $24,869 

Pump Stations $23,297 

Distribution Mains $67,120 

Service Connections $3,719 

Meters $10,058 

Hydrants1 $14,126 

PRV Stations2 $33,581 

Valves (Mainline) $1,332 

Air Valve $2,603 

Reservoirs3 $5,789 
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Asset Class Approximate Annual OMI Cost  
(2014 Dollars) 

Repairs/Corrective Maintenance $7,238 

Other OMI Expenses $68,910 

TOTAL $274,169 
1. Average of Hydrant Level A and B Servicing which alternate every other year. 
2. Assumed to increase to $64,030 in 2020 due to additional PRV’s in the Pinnacle Ridge Development 
3. Starts in the year 2020 when the new Pinnacle Ridge Reservoir is constructed 

 
The scope of each program, the requirement, and the benefits of the existing program were reviewed 
and documented by Opus DK. Program shortcomings were also identified. Opus DK included the 
following during the OMI program development: 

 Regulatory requirements are being met in the program base  
 Operational practices promote the service life of assets 
 OMI related standards, policies, and bylaws are reviewed 
 Operational practices promote a safe potable water supply and maintain water quality 
 The program base encompasses elements of industry standards appropriate for Anmore 

Through discussions with Anmore staff, Opus DK brought forward high level recommendations for 
alternative approaches to existing programs or new programs. The scope of work involved in each 
program’s typical work order is the basis for the operating funding needs analysis.  

8.2.4 Water Utility Administration 

A portion of revenues generated through water rates and charges should be allocated to the general 
administration of the water utility.  

The National Water & Wastewater Benchmarking Initiative 2013 Public Report summarized data from 
50 water utilities and included the median total operating costs based on the length of the water 
distribution system.  The Indirect Charge-back (ie. the water utility administration charge) was 
calculated from the data reported in the report as summarized in Table 8-7. 
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Table 8-7: Water Utility Administration  
(Actual Indirect Charge-Back) Expenses (‘000) / km length 

Year Total Operating Cost with Actual 
Indirect Charge-back1 O&M Cost1 Indirect Charge-back 

2007 7.1 6.3 0.8 

2008 7.8 7.0 0.8 

2009 8.6 7.5 1.1 

2010 8.1 7.5 0.6 

2011 8.9 7.7 1.2 

  AVERAGE 0.9 
1. http://nationalbenchmarking.ca/public/docs/Public_Report_2013.pdf  

 
The average actual indirect charge-back was estimated to $900 per km length of the water distribution 
system.  Anmore’s water distribution system is approximately 20 km long and therefore the indirect 
charge back was estimated at $18,000 per year. 

The 2015-2019 Financial Plan includes $10,188 for Audit/Accounting and Administration Costs in 
2015.  When compared to the estimated average actual indirect charge-back of $18,000 it appears that 
Anmore could only be budgeting for a portion of the potential costs associated with administration of 
the water utility.  It is recommended that Anmore staff review the actual costs of water utility 
administration such as the time required of the Manager of Public Works and other miscellaneous 
costs. These costs should be appropriately charged to the water utility such that the administrative 
costs of the water utility are funded through User Fees and not general taxation. 

8.2.5 Rehabilitation and Replacement of Existing Infrastructure 

The long-term forecast of rehabilitation and replacement of existing infrastructure is dependent on 
both the assumed service lives and the estimated rehabilitation and replacement costs. 

8.2.5.1 Expected Service Life 

An asset’s expected service life depends on both its physical condition (which is influenced by local 
environmental conditions – pressure, water quality, soil characteristics, etc.) and its hydraulic capacity 
(which may no longer be sufficient to meet demands). 

The hydraulic analysis of existing and future conditions (until 2032) allows for existing assets to be 
upgraded due to limited hydraulic capacity or service levels; these were included in the Capital 
Upgrades Plan.   

The physical condition of Anmore’s assets will not be known until a condition assessment framework 
and condition rating system is implemented.  The condition rating system will ultimately be used by 
Anmore to refine their capital reinvestment planning and to maintain levels of service.   In lieu of 
physical condition assessments, expected service lives were used to estimate the rehabilitation and 
replacement dates.  While it is understood that the actual service life of an asset will differ from the 
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expected service life, it provides a basis from which to estimate when rehabilitation and replacement 
costs will occur over the long term.  Table 8-8 lists the expected service lives of the assets of Anmore’s 
water distribution system. 

Anmore’s water distribution system is made up of various assets and some assets will need to be 
replaced more than once during another assets life.  For example, the components of the Uplands 
Pump Station include the pumps, generator, electrical system, building structure, and monitoring 
equipment and it is reasonable to expect that the pumps and monitoring equipment will need to be 
replaced before the building is replaced.  As such, the actual expected rehabilitation or replacement 
date of an asset should be based on hydraulic and physical condition assessments (deterministic or 
probabilistic) which are completed as part of established asset management practices. 

Table 8-8: Expected Service Life of Components of Anmore’s Water Distribution System 

Asset Subcomponent/ Material 
Expected Service Life 

(years) 

Watermains 
Ductile Iron 100 

PVC 80 

Service Connections1  - 

PRVs  25 

Blow-off Valves  40 

System Valves  40 

Hydrants2  40 

Water Meters  15 

Reservoir3  50 

Pump Stations 

Civil 50 

Mechanical 30 

Electrical 20 

Instrumentation/Controls 20 

Re-Chlorination Station 

Civil 50 

Mechanical 30 

Chlorine Dosing and Booster Pumps 20 

Electrical 20 
1. Service connections were assumed to be replaced when the watermain was replaced 
2. Hydrants were assumed to be replaced at 5 hydrants per year starting in 2030. 
3. A reservoir is included in the Capital Upgrade Plan for the Pinnacle Ridge Development. 
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8.2.5.2 Rehabilitation and Replacement Costs 

Anmore’s Tangible Capital Asset (TCA) Inventory was referenced to estimate rehabilitation and 
replacement costs of the majority of the water distribution system assets.  The asset original 
construction costs (initial values) were inflated to 2014 dollars using the ENR CCI.   

Table 8-9: Estimated Replacement Costs of PRV Stations and Valves 

Asset Installation 
Year Initial Cost Estimated Replacement Cost 

(2014 Dollars) 

PRV Station 

Countryside 2010 $ 47,700 $ 51,029 

Elementary 2002 $ 39,687 $ 59,5241 

Lower Crystal Creek 2009 $ 45,000 $ 51,490 

Upper Crystal Creek 2009 $ 45,000 $ 51,490 

Lower Pinnacle 2012 $ 40,000 $ 42,140 

Sunnyside 2009 $ 45,000 $ 51,490 

Thomson Lancaster 2010 $ 47,700 $ 53,141 

Thomson East 1998 $ 36,704 $ 60,797 

Blow-off Valves 

Fern Drive 2012 $ 600 $632 

Kinsey Drive 2012 $ 1,500 $1,580 

Leggett Drive 2013 $ 1,700 $1,746 

North Charlotte Road 2012 $ 1,500 $1,580 

Ridge Mountain Drive 2012 $ 3,000 $3,161 

System Valves 

East Elementary 2 2013 $ 640 $ 657 

East Road 2012 $ 4,250 $ 4,477 

Kinsey Drive 2012 $ 8,600 $ 9,060 

Leggett Drive 2 2013 $ 14,500 $ 14,893 

North Charlotte Road 2012 $ 3,450 $ 3,635 

Ridge Mountain Drive 2012 $ 15,900 $ 16,751 
1. Replacement cost based on Capital Upgrade Plan  
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Table 8-10: Estimated Replacement Costs of Pumping and Chlorination Stations 

Asset Installation 
Year 

Initial 
Cost 

% of 
Total 
Cost1 

Replacement Cost 
(2014 Dollars) 

Pinnacle Ridge Pump Station 

Civil 

2012 $761,000 

40% $320,686 

Mechanical 30% $240,515 

Electrical 25% $200,429 

Instrumentation/Controls 5% $40,086 

Uplands Pumping Station 

Civil 

2010 $350,000 

40% $155,969 

Mechanical 30% $116,977 

Electrical 25% $97,481 

Instrumentation/Controls 5% $19,496 

Chlorine Booster Station2 

Civil 

2014 $448,465 

58% $260,110 

Mechanical 12% $53,816 

Electrical 7% $31,393 

Chlorine Dosing and Booster Pumps 23% $103,147 
1. Engineering estimate. 
2. Percentage of Total Cost estimated from the final progress payment issued for the construction of the facility. 
 

Table 8-11: Estimated Replacement Costs of Watermains and Service Connections 

Material Diameter Replacement Unit Cost ($/m3)1 

(2014 Dollars) 

PVC 50 $520 

PVC 100 $520 

PVC 200 $650 

PVC 300 $845 

Ductile Iron 50 $520 

Ductile Iron 100 $520 

Ductile Iron 150 $585 

Ductile Iron 200 $650 

Ductile Iron 250 $780 

Service Connection - $2,600 
    1. Includes 30% for engineering and contingency. 



 Village of Anmore - Water Utility Master Plan 52 
 

D-85702.00  |  May 15, 2015 Opus DaytonKnight Consultants Ltd 
  

Anmore’s 20+ kilometers of watermains were installed over the past 25 years. To estimate when these 
watermains will need to be replaced, a high-level conservative approach was taken.  It was assumed 
that some of the watermains will start to fail at 80% of their expected service life and that all 
watermains will need to be replaced by the end of their expected service life.  For example, a PVC 
watermain installed in 1990 may need to be replaced as early as 2061 (80% of an expected 80 year 
service life).  Therefore, the total replacement cost of all PVC and ductile iron watermains were 
averaged between the earliest year of replacement and end of the expected service life of the newest 
watermain. Figure 8-1 below illustrates both the annual replacement cost at the end of the expected 
life and the average annual replacement cost.   

The estimated annual replacement cost of watermains was approximately $330,000 (2014 dollars). 
This estimated annual replacement cost provides Anmore with an indication of the costs associated 
with watermain renewals.  It is recommended that the estimated replacement dates and costs of 
watermains be reviewed and revised in subsequent Water Utility Master Plan updates as more data is 
compiled as the infrastructure ages and asset management practices are implemented. 

The cost to replace the existing service connections to the 628 residential, 13 park, 5 institutional, 28 
commercial, and 3 village commercial parcels was assumed be incurred at the same time as the 
connecting watermain was replaced.  Therefore, the annual service connection replacement cost was 
assumed to be proportional to the annual watermain replacement cost.  The estimated annual 
replacement cost of service connections is approximately $40,500 (2014 dollars). 

 
Figure 8-1: Estimated Annual Replacement Cost of Watermains 

 
Anmore has an estimated 145 hydrants installed between 1990 and 2014 which equates to about 6 
hydrants per year.  Therefore, it was assumed that starting in 2030 the existing hydrants would start to 
be replaced at a rate of 6 hydrants per year for a cost of $31,200 per year (2014 dollars).  This hydrant 
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replacement cost does not include the additional hydrants recommended to be installed in the hydrant 
coverage analysis. 

Anmore has an estimated 628 water meters.   The cost to replace a 19 mm and 25 mm water meter is 
estimated at $450, excluding labour cost.  It was assumed that the average service life of a water meter 
is 15 years and therefore approximately 6.7% of all water meters will need to be replaced each year 
resulting in an annual cost of about $24,000 per year (2014 dollars). 

The water supply meter from the City is scheduled to be replaced in 2015 for a cost of $20,000.  The 
recurring replacement of the water supply meter every 15 years was added to the long-term 
rehabilitation and replacement cost estimate. 

Overall, assuming a 3% infrastructure inflation rate and 30% for engineering design and 
contingencies, an estimated total of $1.67 million will likely be required for rehabilitation and 
replacement between 2015 and 2032 in addition to the projects of the Capital Upgrades Plan.  
Included in this estimated total cost was: 

 $52,000 for a new water supply meter in 2015 and again in 2030; 
 $585,000 for residential and commercial water meter replacement; 
 $155,000 for hydrant replacement; 
 $103,500 for replacement of the Thomson East PRV in 2023; 
 $244,000 for replacement of electrical, instrumentation, and controls of the Uplands Pump 

Station in 2030; and, 
 $532,500 for replacement of electrical, instrumentation, and controls of the Pinnacle Ridge Pump 

Station in 2032. 

It is important to reiterate that the above costs and replacement dates were estimates derived 
primarily from Anmore’s TCA Inventory and average expected service lives.  It is recommended that 
Anmore revises these estimates as additional information becomes available through asset 
management practices. 

8.2.5.3 Additional Assets from Capital Upgrades Plan 

(a)  Fire Flows, Dead Ends, and Service Pressures 

Approximately 1,000 linear metres of 150 mm diameter watermains will be upsized to 200 mm or 250 
mm diameter watermains to improve fire flows and service pressures.  This represents about 5% of the 
total length of the watermains in the water distribution system.  These watermains were removed from 
the average long-term rehabilitation and replacement forecasts above in Figure 8-1 as their 
replacement was included in the Capital Upgrades Plan. 

(b)  Hydrant Coverage 

Four new fire hydrants are to be installed in 2016 to provide for adequate hydrant coverage.  These 
additional hydrants were added to the long-term rehabilitation and replacement forecast. 
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(c)  System Reliability 

The Elementary PRV Station is recommended to be decommissioned and rebuilt with a lead and lag 
valve in 2020.  The new Elementary PRV Station was added to the long-term rehabilitation and 
replacement forecast. 

(d)  Storage 

The 1.06 ML Pinnacle Ridge Reservoir is scheduled to be constructed in 2020.  Assuming a 50 year 
service life, the reservoir would be scheduled for replacement in 2070 and therefore was added to the 
long-term rehabilitation and replacement forecast. 

8.2.5.4 Complete System Renewal 

A long-term forecast of expenditures until complete system renewal by the year 2112 was also 
completed. The long-term forecast focused on the future rehabilitation and replacement costs of 
existing infrastructure and infrastructure added through the Capital Upgrade Plan and did not account 
for any additional increases in operational expenses beyond 2032. It is clear from Figure 8-2 that 
Anmore must plan for significant rehabilitation costs estimated to begin around 2070.  The long-term 
costs were based on assumptions documented in previous sections and were reported in 2014 dollars. 
The fact that these expenses were reported in 2014 dollars reinforces the argument that Anmore must 
start to plan for these future costs because a $100,000 (2014 dollars) watermain replacement may cost 
upwards of $525,000 by 2070 when costs are inflated at 3% annually. 
 

 
Figure 8-2: Estimated Annual Expenses 2015-2112 (excludes inflation) 
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8.2.6 Long Term Borrowing Costs 

Anmore will complete the repayment of the existing loan for Water Specified Area 4 by the end of 
2017.  Principle payments of $2,588 are due in 2015, 2016, and 2017.  Interest Payments of $3,894 are 
due in 2015 and 2016 and $1,947 is due in 2017. 

At this time, it is expected that no future loans will be required for the water utility between 2015 and 
2032.  

8.2.7 Summary of Forecasted Water Utility Total Annual Expenses 

The Water Utility Master Plan provides Anmore with a comprehensive long-term forecast of future 
expenditures from 2015 to 2032 as shown in Figure 8-3.  These expenses were based on the 
infrastructure cost estimates and growth assumptions made earlier, including: 

 Average annual serviced population growth rate: 2.25% per year 
 Average day total water demand: 366 L/c/d 
 Average day revenue water demand: 316 L/c/d 
 Inflation cost of infrastructure: +3% per year; 
 Inflation cost of operations: +1.5% per year; and, 
 Increase in water supply costs: +$0.05 per year. 

 

 
Figure 8-3: Estimated Annual Expenses 2015-2032 

 
The most significant forecasted annual expense is the cost of purchasing water from the City.  It is 
therefore important to reiterate that Anmore and the City should revisit the water supply agreement 
and the associated unit costs for water as recommended in Section 8.2.2. 
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Technical Memorandum #4: OMI Program Plan & Condition Rating System approximated that the 
total cost to operate and maintain the water utility is in the order of $275,000 per year (2014 dollars).  
This is a significant increase over the historical operations and maintenance budgets (the 2014 budget 
was $80,745 which excluded the cost of labour) and highlights the fact that the water utility has been 
underfunded.  Therefore, to prevent issues such as the 2013 boil water advisory, it is recommended 
that Anmore increase the budget allocated to the operations and maintenance of the water utility.  
 
The costs of the Capital Upgrades Plan and estimated rehabilitation of existing infrastructure are 
relatively dispersed throughout the planning horizon.  These dispersed costs highlight the importance 
of building the Water Capital Asset Reserve such that these projects can be funded through reserves 
instead of through long-term loans.  The recent decision by Council to dedicate $110,000 to the Water 
Capital Asset Reserve in 2014 and committing to increasing this amount by $20,000 each year was an 
important step towards funding the Capital Upgrades Plan. 
 
8.2.8 Water Utility Reserves 

Anmore maintains three reserves for the water utility: 

a. Water Capital Asset Reserve – 2014 End of Year Balance: $512,212 
Use of Funds: Repair, renewal and replacement 

The Water Capital Asset Reserve provides funding for infrastructure projects when revenue 
contributions are insufficient and is currently funded through the Water Levy and transfers from 
User Fees.   

It was estimated that Anmore should target a Water Capital Asset Reserve balance of $1,600,000 
by the end of 2029.  Between 2030 and 2035 it was estimated that $2,300,000 will be required to 
fund rehabilitation of existing infrastructure.  Therefore by starting to build reserves now and 
targeting a reserve balance of $1,600,000 at the end of 2029 Anmore will be better positioned to 
plan for and fund infrastructure projects through reserves and revenues rather than relying on 
borrowing or delaying projects.  It was estimated that by the end of 2035, the Water Capital Asset 
Reserve would have a balance close to $500,000. 

After 2020, it was estimated that the annual User Fee Contribution could decrease to $200,000 to 
continue to build reserves to fund rehabilitation and replacement of existing infrastructure.  The 
decrease in the contribution to the Water Capital Asset Reserve corresponds to the additional 
$85,000 per year contribution to the Water Storage Reserve starting in 2020 (see paragraph 
below). 

As indicated by Figure 8-2: Estimated Annual Expenses 2015-2112, Anmore will eventually be 
facing significant costs associated with rehabilitation and replacement of existing infrastructure.  It 
is recommended that the targeted reserve balance and annual contributions be revised in 
subsequent studies. 

The Water Capital Asset Reserve also includes a Water Storage Account which had a 2014 end of 
year balance of $34,777.  While the initial construction of the Pinnacle Ridge Reservoir will be 
funded by the developer(s), Anmore will have to pay for the eventual rehabilitation and 
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replacement of the reservoir around 2070.  It is advisable that Anmore start to contribute to the 
reserve fund once the reservoir is constructed. Based on the estimated construction cost and 
inflation rates, approximately $85,000 per year should be contributed to the Water Storage 
Account starting in 2021. 

b. Water Stabilization Reserve– 2014 End of Year Balance: $25,609 
Use of Funds: Contingencies & Emergencies. Residual for other projects 

Stabilization reserves allow for the water utility to withstand cash flow fluctuations and buffer 
against unexpected costs.  The American Water Works Association Manual of Water Supply 
Practices M54 references an industry standard for minimum operating reserve balances of between 
12.5% and 25% of annual cash operating and maintenance expenses with additional funds required 
for contingencies.  

Anmore currently collects user fees twice a year and the revenue collected is entirely dependent on 
the amount of water used.  It is therefore advisable that Anmore contribute funds to the Water 
Stabilization Reserve until an end of year balance equal to at least 50% of the average annual 
operating costs, or approximately $400,000, is achieved. 

c. Water DCC Reserves – 2014 End of Year Balance: $550,000 
Use of Funds: Developer Cost Charges (DCC) Water Projects 

The total estimated cost of DCC funded Capital Upgrades Projects was just over $550,000 after 
inflation was taken into account. It was therefore assumed that sufficient DCC funds will be 
available to support the DCC portion of the Capital Upgrades Projects. 

8.2.9 Water Utility Revenues 

Anmore’s existing funding model recovers close to 99% of revenues through User Rates, Parcel Taxes, 
a Water Levy, and New Water Service Fees. For the purposes of forecasting the revenues required for 
full-cost recovery, the unpredictable revenues from investment income, miscellaneous income, and 
grant funding were ignored. The details of the reliable revenue sources are outlined in Table 8-12.   

Table 8-12: Anmore's Water Utility Funding Model 
Revenue 
Source Description Current Purpose 

Parcel Taxes A flat annual parcel tax applied to a Water 
Specified Area. 

Dedicated to the repayment of loans. 

Water Levy A flat annual property tax based on the 
assessed value of property improvements.  This 
levy was previously termed the ‘Fire Flow and 
Protection Levy’. 

Dedicated to the Water Capital 
Reserve. 

New Water 
Service Fee 

A fee based on the actual cost of installation of 
a water connection. 

To recover the full cost of the 
installation of a water connection 

User fees A metered rate applied to the quantity of water 
supplied as measured by the water meter. 

Administration, O&M, Utilities, Water 
Supply Costs to the City, etc. 



 Village of Anmore - Water Utility Master Plan 58 
 

D-85702.00  |  May 15, 2015 Opus DaytonKnight Consultants Ltd 
  

The existing funding model defines a purpose for each revenue source.  Therefore, additional revenue 
from each source were assumed to be limited to the expenses which the revenue source is defined to 
fund.  

Parcel Taxes will continue to fund the repayment of long-term debt until 2017.  After which no 
additional long-term debt is forecasted and as such no additional Parcel Taxes are required. 

The Water Levy is currently dedicated to the Water Capital Asset Reserve.  Only customers who are 
serviced by a fire hydrant are currently charged a Water Levy.  The Capital Upgrades Plan 
recommendations to install an additional 4 hydrants will result in hydrant coverage for all residents.  
It is therefore recommended that Anmore consider removing the Water Levy and instead recover these 
revenues through User Fees.  This transition will help to improve the equity of water utility charges by 
fully supporting the ‘user pay’ principle and to improve transparency by incorporating all water utility 
charges into User Fees. 

The New Water Service Fee is based on actual cost of the water connection.  Therefore, the 
expenses and revenues related to the installation of a water connection were excluded from the 
financial analysis. 

User Fees fund the cost of administration, maintenance, operations, and water supply.  The revenues 
from User Fees must also be contributed to the Water Capital Asset Reserve to fund rehabilitation and 
capital projects.  

8.2.9.1 Historical Revenues 

Anmore’s historical revenues are provided in Table 8-13.  It is noted that Parcel Taxes have decreased 
from 2010 to 2014 as Anmore has completed the repayment of long-term debt.   

Table 8-13: Anmore’s Historic Revenues 
Revenue Source 2010 2011 2012 2013 2014 

Parcel Taxes ($39,944) ($34,606) ($15,944) ($15,770) ($6,520) 

Water Levy ($28,342) ($30,589) ($32,133) ($35,552) ($32,780) 

User Fees – Anmore ($70,465) ($44,920) ($122,198) ($93,876)1 ($148,177) 

User Fees – City ($235,686) ($209,713) ($230,285) ($296,977)1 ($279,410) 

Sub-Total Revenue ($374,437)  ($319,828)  ($400,560)  ($442,175)  ($466,887)  

New Water Service Fee ($17,512) ($5,668) ($12,681) ($10,090) ($12,813) 

Investment Income ($274) 
($51,886) 

($759) ($4,189) ($881) 

Miscellaneous ($13,293) ($9,112) ($7,105) ($5,520) 

Total Revenue ($405,516) ($377,382) ($423,112) ($463,559) ($486,101) 
1. Total revenues from User Fees in 2013 were estimated from the total consumption recorded on customer water meters 

and the water rate for the year.  This was necessary as there were discrepancies in the reported user fees. 
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8.2.9.2 Required Revenues 

Anmore’s 2015 Water Rate was recently increased to $1.89 per cubic metre and the Water Levy was 
increased by 8.2% over 2014 by Council, these increases were accounted for in the projection of 2015 
forecasted revenues in the financial model developed for Anmore. The model was then used to 
estimate how much more revenues need to increase for full-cost recovery of the water utility based on 
the assumptions and recommendations of this 2015 Water Utility Master Plan.  

Table 8-14: Summary of Assumptions 

Assumptions Section(s) 
of Report 

General assumptions: 
 Average annual serviced population growth rate: 2.25% per year 
 Average day total water demand: 366 L/c/d 
 Average day revenue water demand: 316 L/c/d 
 Inflation cost of infrastructure: +3% per year; and 
 Inflation cost of operations: +1.5% per year. 

8.2.1 

Water Supply Costs from the City 
 Water supply costs assumed to increase at $0.05 per year. 

8.2.2 

Levels of Service – OMI Programs 
 Assumed to be fully implemented in 2016. 

8.2.3 

Tech. 
Memo. #4 

Water Utility Administration 
 Assumed to be equal to the previously budgeted amounts for Audit/Accounting and 

Administration Costs. 

8.2.4 

Rehabilitation and Replacement of Existing Infrastructure 
 Future costs of rehabilitation and replacement were estimated to determine reserve 

contributions and reserve balance targets. 

8.2.5 

Capital Upgrades Plan 
 Anmore’s contribution to new capital projects are funded through increases to 

revenues and the Water Capital Asset Reserve. 

7.2 

8.2.5.3 

Principle and Interest Payments 
 Existing loans repaid in full by end of 2017. 

8.2.6 

Reserve Contributions 8.2.8 
Water Capital Asset Reserve: 

 2015: $36,269 (Water Levy) 
 2016: $160,000 
 2017: $190,000 
 2018: $220,000 
 2019: $250,000 
 2020: $250,000 
 2021-2032: $200,000 

Targeted Balance: $1.6M by 2029 

Water Storage 
Account 

 
 $85,000 per year 

starting in 2020 
 

Water Stabilization 
Fund 

 Targeted Balance 
of $0.4M by 2032 
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Alternatives to the assumptions documented in Table 8-14 were also developed to illustrate the impact 
of lower water demands or lower water supply costs from the City. 

 Alternative No. 1 assumes that the serviced population growth is limited to 1.6% per year; 
 Alternative No. 2 assumes that the average water demand decreases annually by 5% (~10 litres per 

person per day) until the average water demand is 300 litres per person per day; 
 Alternative No. 3 assumes that the water supply cost increase from the City is $0.02 per cubic 

meter per year. 
 
Alternative 1: A 1.6% serviced population growth rate results in total revenues which are less than 
those calculated with the 2.25% growth rate due to a reduced total water demand.  While a lower 
population growth results in a lower total cost of water purchased from the City, User Fees are 
collected based on the amount of water used and therefore a lower population growth rate would result 
in fewer people using water and thus fewer revenues would be available to fund the water utility.  The 
result of a lower growth rate is that each person would effectively need to pay more for the water 
utility. 
 
Alternative 2: A decrease in water demand could be due to changes in water use practices, weather, 
or as a consequence of higher volumetric water rates.  Reduced water demand results in lower total 
revenues as the total cost of purchasing water from the City is reduced. However, User Fees are 
collected based on the amount of water used and therefore if less water is used, similar to Alternative 1, 
the revenue required per person increases. 
 
Alternative 3: The results of this alternative illustrate that the tax burden on Anmore’s residents is 
highly dependent on the cost of water from the City as illustrated in Figure 8-5. 
  
The results of the financial analysis of the assumptions of Table 8-14 and of the Alternatives are 
illustrated in Figures 8-4 and 8-5 on the following page.  

The results of the analysis indicate that regardless of the ‘General Assumptions’ or the annual increase 
to the ‘Water Supply Costs from the City’ it is clear that revenues need to increase sharply in the short-
term if the water utility is to be fully funded and able to support the recommendations of this 2015 
Water Master Plan.  Over the long-term, the accuracy of the assumptions plays a larger role and the 
long-term variation in revenues per person illustrated in Figure 8-5 highlights the importance of 
revising the financial plan on an annual basis to ensure that projections are as accurate as possible. 
 

Table 8-15: Total Revenue per Person per Year1 

Scenario 
2014 2016 2017-2020 

Total Revenue  
per Person1 

Total Revenue  
per Person1 

% Increase 
over 2014 

Additional % Increase 
per Year 

Base Assumptions 

$225 

$358 59% ~5% 

Alternative 1 $371 65% ~5% 

Alternative 2 $362 61% ~5% 

Alternative 3 $354 57% ~4%1 
1. Slightly less due to the lower cost increase for water from the City. 



 Village of Anmore - Water Utility Master Plan 61 
 

D-85702.00  |  May 15, 2015 Opus DaytonKnight Consultants Ltd 
  

The revenue increases represent the cost of implementing the ideal recommendations based on: 
direction from Anmore staff; achieving best practices as soon as possible; implementing a Capital 
Upgrades Plan that provides for improved fire flows, service pressures, system reliability, and water 
storage; and OMI projects that allow for sufficient monitoring and maintenance of the water utility’s 
assets. 
 

 
Figure 8-4: Total Required Revenues 

 

 
Figure 8-5: Total Revenue per Person per Year 

 
If revenues do not increase, it was forecasted that Anmore could generate a cumulative infrastructure 
and operating deficit of $4.0 million by 2032 as illustrated in Figure 8-6 which would be further 
compounded by the lack of ability to build reserves. 
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Figure 8-6: Forecasted Infrastructure and Operating Deficit without Additional Revenue 
 
As a detailed illustration of why revenues need to increase, the historical and forecasted expenses are 
summarized in detail in Table 8-16.  There are two critical findings to note: 
 
1. Expenses exceeded revenues in 2014 and the water utility reserves were relied upon to fund the 

difference.  Therefore, the forecasted revenues must not only increase to fund the additional OMI 
programs, the Capital Upgrades Plan, and the rehabilitation of existing infrastructure, but must 
also increase to fund the revenue shortfall experienced in 2014 which resulted in the need to draw 
from reserves.  Based on our analysis, the revenue shortfall in 2014 was largely a result of (a) 
accounting for the cost of labour associated with OMI – which is in accordance with best practices 
and (b) water supply costs which appear to have been higher than anticipated. 
 

2. The 2016 contribution to the Water Capital Asset Reserve of $160,000 is greater than the 
$150,000 currently planned for in the existing 2015-2019 Financial Plan.  The increase in the 
reserve contribution is a result of the estimated revenues in 2015 being insufficient to fund the 
estimated expenses in 2015.  In fact, it was estimated that there would be no additional 
contribution to the Water Capital Asset Reserve in 2015 beyond what is transferred from the Water 
Levy.  This is because the water utility has started (in accordance with best practices) to work 
towards accounting for the cost of labour in the administration and OMI expenses and there has 
not yet been a corresponding increase in revenues.  If $130,000 were to be transferred to the 
Water Capital Asset Reserve in 2015 it was estimated that there could be insufficient funds 
available for administration and OMI due to a combination of limited revenues and limited funds 
in the Water Stabilization Reserve. 
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Table 8-16: Comparison of Historical and Forecasted Expenses 
Expense 2014 Estimate 2016 Estimate Difference  

Water Supply Costs $279,4101 $318,9169 $39,506 
1. 2014 Transaction Inquiry for Account: 02-00-6711 dated 
February 13, 2015. 
 
9. $1.0952 / m3 * 291,194 m3 = $318,916. 

Water Administration ~$10,0002 

$289,78710 $51,090 

2. Estimated from 2014 budgeted expenses. 

Water Maintenance and 
Operations $215,1353 

3. 2014 Transaction Inquiry for Account: 02-00-6701 dated 
May 4, 2015.  Includes a one-time cost of ~$25,000 that is not 
expected in the future. 

Water System and Utilities $13,5624 

4. Long-term Borrowing Amortization Schedule 
 
10. Recommended OMI Programs inflated at 1.5% per year 
from the reported 2014 dollars plus ~$10,400 for 
audit/accounting/administration costs (taken from the 
existing 2015-2019 Water Utility Fund Budget). 

Interest and Principle Payments $6,4825 $6,4825 $0 5. Long-term Borrowing Amortization Schedule. 

Oversizing Costs $5,0006 $0 -$5,000 6. 1998 Water Supply Agreement - $5000 per year from 2005 
to 2014. 

Water System Modelling $27,5177 $0 -$27,517 7. 2014 Transaction Inquiry for Account: 02-00-6802 dated 
February 16, 2015. 

Sub-Total Expenses $557,106 $615,185 $58,079  

Water Capital Asset Reserve 
Contributions $110,0008 $160,00011 $50,000 

8. Based on the 2015-2019 Water Utility Fund Financial Plan. 
 
11. Increased to provide funding for the Capital Upgrades Plan.  
The Water Capital Asset Reserve was assumed to provide 
funding for the Capital Upgrades Plan projects and required 
asset rehabilitation projects; therefore, the expenses for these 
projects are not included in the table otherwise they would 
have been double counted. 

Water Stabilization Fund 
Contributions  $0 $2,11512 $2.115 

12. Estimated contribution required to start rebuilding the 
Water Stabilization Fund.   

Total Expenses  $667,10613 $777,300 $110,194 13. Excludes the costs of the Rechlorination Station as this 
budget was carried over from the previous year. 

Total Revenue ($486,101) ($777,300)   

Deficit / (Surplus)  $181,005 $0   
 
Note: The 2014 Estimate contains some unaudited numbers and as such the numbers may not be exact and are provided here for 
illustrative purposes of the order of magnitude difference between 2014 and 2016.
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8.2.10 Financial Sustainability 

The long-term financial sustainability of the revenue increases required for the assumptions 
documented in Table 8-14 were assessed using the financial indicators described in Table 8-3: 
Indicators of Financial Sustainability. 

 
Figure 8-7: Operating Surplus Ratio 

 
The suggested range for the Operating Surplus Ratio is between 0% and 15%.  Figure 8-7 shows the 
Operating Surplus Ratio. In 2014, Anmore’s Operating Surplus Ratio was estimated to be negative 
15%.  The negative ratio was likely a result of accounting for the cost of labour in 2014 without a 
corresponded increase to revenues from User Fees. 

The recommended revenue increases should allow Anmore to achieve a positive Operating Surplus 
Ratio in 2016.  By maintaining a positive Operating Surplus between 20% and 30%, Anmore should be 
able to build the reserves necessary to fund the future rehabilitation and replacement of existing 
infrastructure while also setting aside funds in the Water Stabilization Reserve. 

 
Figure 8-8: Reserves to Operating Expense Ratio 
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Figure 8-8 shows the Reserves to Operating Expense Ratio. Anmore funds infrastructure projects 
through the Water Capital Asset Reserve and provides for emergencies and contingencies through the 
Water Stabilization Reserve.  It was recommended in the preceding sections that Anmore continues to 
contribute to these reserves until target balances are achieved.  
 

 
Figure 8-9: Liability Servicing Cost Ratio 

 
Figure 8-9 shows the Liability Servicing Cost Ratio. The maximum Liability Servicing Cost Ratio 
(Limit) for a municipality is 25% of the previous year’s reliable and sustainable revenues.  For a self-
funded water utility, it can be argued that the same maximum should apply.  The existing long-term 
loans are expected to be fully repaid by the end of 2017 and therefore the Liability Servicing Cost will 
reach zero in 2017. 

8.3 Long-term Financial Plan Recommendations 

The following summarizes the recommendations documented in preceded sections.  The 
recommendations, in no particular order, were developed to help put Anmore on the path towards 
sustainable water rates and charges which will enable Anmore staff to appropriately budget for and 
fund the ongoing costs of operating, maintaining, rehabilitating, and growing their water utility.  

1. Anmore’s staff and Council should develop long-term targets for each of the indicators of financial 
sustainability outlined in Table 8-3; 

2. Review the assumptions and limitations in light of changing social, economic, and environmental 
conditions; 

3. Review the 1998 water supply agreement with the City to ensure costs levied against Anmore are 
within the spirit of the agreement and are equitable. There is potential that Anmore could 
inadvertently be paying more than their share of City costs; 

4. Implement the recommended OMI programs; 

5. Work towards full-cost recovery by accounting for the cost of administration of the water utility; 
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6. Further develop and maintain an asset management plan that will allow a better understanding of 
the long-term rehabilitation and replacement costs facing the water utility; 

7. Refine the costs of the Capital Upgrades Plan; 

8. Improve equity and transparency of water utility charges by incorporating the Water Levy charges 
into the User Fees; 

9. Increase revenues to provide sufficient funding to support the Capital Upgrades Program, the 
recommended OMI programs, and contributions to reserves. 

8.4 2015-2032 Financial Plan 

The 2015-2032 Financial Plan is provided in Table 8-17 below.   
 



Table 8-17 - Long Term Financial Plan 2015-2032 (Base Assumptions)

Revenues 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Total Revenue (507,627)$        (777,300)$        (830,778)$        (883,759)$        (946,471)$        (1,013,603)$     (1,052,393)$     (1,092,740)$     (1,134,253)$     (1,176,954)$     (1,220,862)$     (1,266,447)$     (1,313,293)$     (1,361,420)$     (1,411,318)$     (1,462,550)$     (1,515,621)$     (1,570,079)$     

Transfer from Water Capital Asset Reserve (104,901)$        (40,581)$          (628,774)$        (58,815)$          (473,055)$        (84,345)$          (29,821)$          (30,715)$          (134,761)$        (32,586)$          (33,564)$          (34,571)$          (35,608)$          (36,676)$          (37,776)$          (364,163)$        (91,646)$          (626,693)$        

Transfer from Water Storage Reserve -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 

Transfer from Water Stabilization Fund (16,171)$          -$                 -$                 -$                 -$                 -$                 (12,393)$          (13,726)$          -$                 (20,273)$          -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 

TOTAL REVENUES (628,699)$        (817,881)$        (1,459,552)$     (942,574)$        (1,419,526)$     (1,097,948)$     (1,094,607)$     (1,137,182)$     (1,269,015)$     (1,229,814)$     (1,254,426)$     (1,301,018)$     (1,348,901)$     (1,398,096)$     (1,449,094)$     (1,826,713)$     (1,607,266)$     (2,196,772)$     

Expenditures 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Administration, Operations, Maintenance 243,341$         289,787$         283,033$         296,669$         292,297$         345,992$         342,105$         357,233$         353,259$         392,080$         364,800$         380,915$         376,756$         393,384$         389,135$         406,302$         401,961$         419,686$         

Water Supply Costs 297,633$         318,916$         340,995$         363,891$         387,624$         412,214$         437,681$         464,233$         491,715$         520,147$         549,551$         580,160$         611,793$         644,470$         678,446$         713,521$         749,961$         787,552$         

Debt Charges - Interest + Principle 6,482$             6,482$             4,535$             -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 

Infrastructure Rehabilitation 44,974$           25,724$           26,495$           27,290$           28,109$           28,952$           29,821$           30,715$           134,761$         32,586$           33,564$           34,571$           35,608$           36,676$           37,776$           364,163$         91,646$           626,693$         

Projects from Capital Plan -$                 14,858$           602,278$         31,525$           444,946$         55,393$           -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 

Total Expenses 592,430$         655,766$         1,257,336$      719,375$         1,152,976$      842,551$         809,607$         852,182$         979,735$         944,814$         947,915$         995,645$         1,024,156$      1,074,530$      1,105,357$      1,483,986$      1,243,568$      1,833,931$      

Transfer to Water Capital Asset Reserve 36,269$           160,000$         190,000$         220,000$         250,000$         250,000$         200,000$         200,000$         200,000$         200,000$         200,000$         200,000$         200,000$         200,000$         200,000$         200,000$         200,000$         200,000$         

Transfer to Water Storage Reserve -$                 -$                 -$                 -$                 -$                 -$                 85,000$           85,000$           85,000$           85,000$           85,000$           85,000$           85,000$           85,000$           85,000$           85,000$           85,000$           85,000$           

Transfer to Water Stabilization Fund -$                 2,115$             12,216$           3,200$             16,550$           5,396$             -$                 -$                 4,280$             -$                 21,511$           20,373$           39,745$           38,565$           58,737$           57,727$           78,699$           77,841$           

TOTAL EXPENSES 628,699$         817,881$         1,459,552$      942,574$         1,419,526$      1,097,948$      1,094,607$      1,137,182$      1,269,015$      1,229,814$      1,254,426$      1,301,018$      1,348,901$      1,398,096$      1,449,094$      1,826,713$      1,607,266$      2,196,772$      

(Surplus)/Deficit after Reserve Transfers -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 -$                 

Reserve Balances 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Water Capital Asset Reserve (443,580)$        (562,998)$        (124,225)$        (285,410)$        (62,354)$          (228,009)$        (398,188)$        (567,473)$        (632,712)$        (800,126)$        (966,562)$        (1,131,991)$     (1,296,384)$     (1,459,708)$     (1,621,932)$     (1,457,769)$     (1,566,123)$     (1,139,430)$     

Water Storage Reserve (34,777)$          (34,777)$          (34,777)$          (34,777)$          (34,777)$          (34,777)$          (119,777)$        (204,777)$        (289,777)$        (374,777)$        (459,777)$        (544,777)$        (629,777)$        (714,777)$        (799,777)$        (884,777)$        (969,777)$        (1,054,777)$     

Water Stabilization Fund (9,438)$            (11,553)$          (23,769)$          (26,968)$          (43,518)$          (48,915)$          (36,521)$          (22,795)$          (27,075)$          (6,801)$            (28,312)$          (48,685)$          (88,430)$          (126,996)$        (185,733)$        (243,460)$        (322,159)$        (400,000)$        



 Village of Anmore - Water Utility Master Plan 68 
 

D-85702.00  |  May 15, 2015 Opus DaytonKnight Consultants Ltd 
  

9 Recommendations 

9.1 Source Supply Capacity 

Under existing and future (2032) population demands, Anmore’s average daily withdrawal rate was 
found to be less than the available supply from the City stipulated in the 1998 Water Agreement 
between Anmore and the City. However, the maximum rate of flow in any one hour-interval stipulated 
in the Agreement was found to be exceeded under the existing and future fire flow scenarios using the 
maximum design criteria fire flow demand and duration. An update to the maximum rate of flow is 
required until such time that a reservoir can be constructed for Anmore. At that time, the majority of 
the fire flows will be delivered via the reservoir.  

While there are no concerns with the supply capacity of the potable water supplied to Anmore to meet 
Average Day Demand, it is understood that Anmore staff would like to consider a secondary 
connection to the City of Port Moody via the Hickory Drive Reservoir, which would provide some 
measure of source supply redundancy. Opus DaytonKnight Consultants Ltd. (Opus DK) advises that a 
joint stakeholder meeting between Anmore and City staff to discuss this possible connection would be 
prudent.  

9.2 Storage Reservoir Capacity 

Anmore currently relies heavily on storage volumes from the City of Port Moody’s Hickory Drive 
Reservoir as it does not currently own or operate any reservoirs. However, it is envisioned in the near 
future that a reservoir will be built at the Pinnacle Ridge Development to provide storage volumes to 
Anmore’s water system. As such, Opus DK has assessed the required reservoir sizing to meet storage 
volume requirements under future (2032) conditions. The proposed sizing of the Pinnacle Ridge 
Reservoir was calculated based on Anmore’s storage requirements but reduced based on the estimated 
future excess storage of the City of Port Moody’s Hickory Drive Reservoir. The Hickory Drive Reservoir 
may augment Anmore’s water system with an excess storage volume of 0.71 ML in 2032. This would 
enable Anmore to reduce the sizing of the Pinnacle Ridge Reservoir to 1.06 ML rather than the 1.77 ML 
that is required. However, the continued reliance on the excess storage from the Hickory Drive 
Reservoir must be clearly understood by Anmore and communicated to the City well into the future. 
The continued access to storage volumes from the City’s Hickory Drive Reservoir for Anmore’s and the 
City’s demands helps to promote turnover of the reservoir and benefits both municipalities. The 
volume of 0.71 ML was calculated as the future excess storage from the City’s Water Master Plan.  

9.3 Pinnacle Ridge Pump Station 

The Pinnacle Ridge Pump Station was designed to provide flows to the proposed Pinnacle Ridge 
Storage Reservoir. Under the proposed development plan, the storage reservoir would provide 
balancing and fire storage for the entire Anmore water system. To meet future service pressure and 
fire flow requirements, Phase 2 of the Pinnacle Ridge development should be implemented, and the 
Pinnacle Ridge Pump Station should be configured as intended for the future build-out, as shown in 
Water System Schematic (Figure 2-2 in Section 2).  
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9.4 Distribution System Upgrade Recommendations 

The recommendations to existing service pressure and fire flow deficiencies are detailed below in 
Table 9-1. 

Table 9-1: Existing Distribution System Upgrade Recommendations 

Item Proposed Work Deficiency 
Resolved 

UG-1 
The watermain along Spence Way should be looped to the watermain along 
Leggett Drive with a 200 mm diameter watermain, 688 m in length. 

Fire Flows, 
Dead End 

System 

UG-2 

The 150 mm ø watermain along Sunnyside Road between Anmore Creek 
Way and Hemlock Drive should be replaced with a 250 mm diameter 
watermain. 

Fire Flows 

UG-3 

The watermains along Anmore Creek Way and Sugar Mountain Way should 
be looped to the watermain terminating at the north end of Fern Drive using 
200 mm diameter watermains, 662 m in total length.  

Fire Flows, 
Dead End 

System 

UG-4 

The 150 mm ø watermain along Sugar Mountain Way/Spence Way crossing 
Sunnyside Road should be replaced with a 200 mm diameter watermain, 
561 m in length. 

Fire Flows 

UG-5 

The properties along Wyndham Crescent should be disconnected from the 
247 m HGL pressure zone and reconnected to the 288 m HGL Pressure 
Zone via a tie-in to the 250 mm diameter watermain along East Road. 

Fire Flows,  
Low Service 

Pressures 

UG-6 
The Elementary PRV Station is to be replaced with a new PRV station which 
would have a lead and a lag valve for times of high and low flow. 

System 
Reliability 

UG-7 

The watermain along Chestnut Crescent should be looped to the watermain 
along Sunnyside Road via Eaglecrest Road with a 200 mm diameter 
watermain, 391 m in length. 

Fire Flows, 
Dead End 

System 

UG-8(1) 
The lead and lag PRV setting at the Sunnyside PRV station should be 
increased by 14 psi, from 33 psi to 47 psi, and 25 to 39 psi, respectively. 

Low Service 
Pressures 

(1) Sunnyside PRV settings to be changed during annual maintenance, therefore this upgrade is not included in 
the Capital Upgrades Plan.  

  

9.5 Hydrant Coverage 

Anmore’s Works and Services Bylaw No. 242-1998 should be revised to reflect the FUS 1999 ‘Water 
Supply for Public Fire Protection’ guide, which recommends a maximum hydrant spacing of 180 
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metres in single-family residential areas and 90 metres in multi-family and institutional, commercial 
and industrial (ICI) areas.   

In accordance with the FUS guidelines, there are an additional 4 fire hydrants recommended for 
Anmore’s water distribution system. 

9.6 Long-Term Financial Plan Recommendations 

The following summarizes the recommendations of the long-term financial plan.  The 
recommendations, in no particular order, were developed to help put Anmore on the path towards 
sustainable water rates and charges which will enable Anmore staff to appropriately budget for and 
fund the ongoing costs of operating, maintaining, rehabilitating, and growing their water utility.  

1. Anmore’s staff and Council should develop long-term targets for each of the indicators of financial 
sustainability outlined in Table 8-3; 

2. Review the assumptions and limitations in light of changing social, economic, and environmental 
conditions; 

3. Review the 1998 water supply agreement with the City to ensure costs levied against Anmore are 
within the spirit of the agreement and are equitable. There is potential that Anmore could 
inadvertently be paying more than their share of City costs; 

4. Implement the recommended OMI programs; 

5. Work towards full-cost recovery by accounting for the cost of administration of the water utility; 

6. Further develop and maintain an asset management plan that will allow a better understanding of 
the long-term rehabilitation and replacement costs facing the water utility; 

7. Refine the costs of the Capital Upgrades Plan; 

8. Improve equity and transparency of water utility charges by incorporating the Water Levy charges 
into the User Fees; 

9. Increase revenues to provide sufficient funding to support the Capital Upgrades Program, the 
recommended OMI programs, and contributions to reserves.



 Village of Anmore - Water Utility Master Plan 71 
 

D-85702.00  |  May 15, 2015 Opus DaytonKnight Consultants Ltd 
  

10 References 

Technical Memorandum No.1 “Village of Anmore Water System Asset Inventory”, Opus DaytonKnight 
Consultants Ltd., July 2014. 

Technical Memorandum No. 2 “Hydrant Flow Testing Program”, Opus DaytonKnight Consultants 
Ltd., August 2014. 

Technical Memorandum No. 3 “Village of Anmore Water Model Development, Calibration, and 
Existing System Analysis”, Opus DaytonKnight Consultants Ltd., February 2015. 

Technical Memorandum No. 4 “OMI Program Plan & Condition Rating System”, Opus DaytonKnight 
Consultants Ltd., March 2015. 

Draft Report, “Water Servicing Options for the Pinnacle Ridge Development Village of Anmore”, 
Dayton & Knight Ltd., November 2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Village of Anmore Water Utility Master Plan 

Appendix A 
 
 

 











!

#

(g

!

#

(g

!

#

(g!

#

(g

!

#

(g

!

#

(g

!

#

(g

!

#

(g

P

P

P

G

G
GG

GG

G
G

G

G
G

G G G

G GG

G

G

G

GGG G G G

GG
G

G
G

G

G

G

G

G G G G
G
G G G G G

G G
G

GGG

G G
G

G

G

G

G
G

G G

GG G G G
G

GG

GG

G
G

G
GG G

G

G

G

G

GG

G
G

G

G

G
G
G G

GGGG
G
G

G

G

G
G

GGGG

G
G

G

G

G
G

Scale

Designed: 

Drawn Approved

Date

Revision

Project No: 

@ Tabloid

Revision Date

Map No
August 20141Note:

WATER UTILITY MASTER PLAN
HYDRANT TEST PROGRAM

Client

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

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

CL

Path: G:\opus_dk\municipal\857 Anmore\gis\D-85701.00 Water Utility Master Plan\TM2 - Hydrant Testing Program\Figure 2-1 Hydrant Test Program.mxd

1:16,950

0 250125 MetersCL

D-85702.00

Figure 2-1

.

Legend
G Hydrant*

P Pump Station

!

#

(g PRV

Watermain

Test Set #1

Test Set #2

Test Set #3

*Hydrant locations are estimated







!

#

(g!

#

(g

G

G

G

G
G G

G

G

G

G

G

G

G

G

G

G

G

G

G
G

GGGG

G

G

G

*****

*****

*****

*****

)))))

)))))

)))))

))))))))))

(((((

(((((

(((((

(((((

PS4

PS3

PS2

PS1

PR4

PR3

PR2

PR1

Q4

Q3

Q2

Q1

Scale

Designed: 

Drawn Approved

Date

Revision

Project No: 

@ Tabloid

Revision Date

Map No
August 20141Note:

WATER UTILITY MASTER PLAN
HYDRANT TEST SET #1

Client

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

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

CL

Path: G:\opus_dk\municipal\857 Anmore\gis\D-85701.00 Water Utility Master Plan\TM2 - Hydrant Testing Program\Figure 4-1 Hydrant Test Set1.mxd

1:5,194

0 9045 MetersCL

D-85702.00

Figure 4-1

.

Legend

***** Static Hydrant

))))) Residual Hydrant

((((( Flow Hydrant

G Hydrant*

!

#

(g PRV

Watermain

*Hydrant locations are estimated



!

#

(g

!

#

(g
!

#

(g

!

#

(g

P

P

G

G

GG

G
G

G

G

G

G

G

G G G

G GG

G

G

G

GGG G G G

GG

G

G

G

G

G

G

G

G G G G

G

G G G G G

G G

G

G
GG

G G

G

G

G

G

G

G

G
G

G G G

G

G

G

G

G

G

G

(((((

(((((

(((((

(((((

)))))

)))))

)))))

)))))

*****

*****

*****

*****

Q4

Q3

Q2

Q1

PR4

PR3

PR2

PR1

PS2

PS4

PS3

PS1

Scale

Designed: 

Drawn Approved

Date

Revision

Project No: 

@ Tabloid

Revision Date

Map No
August 20141Note:

WATER UTILITY MASTER PLAN
HYDRANT TEST SET #2

Client

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

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

CL

Path: G:\opus_dk\municipal\857 Anmore\gis\D-85701.00 Water Utility Master Plan\TM2 - Hydrant Testing Program\Figure 4-2 Hydrant Test Set2.mxd

1:7,484

0 12060 MetersCL

D-85702.00

Figure 4-2

.

Legend

***** Static Hydrant

))))) Residual Hydrant

((((( Flow Hydrant

G Hydrant*

!

#

(g PRV

Watermain

*Hydrant locations are estimated



!

#

(g

!
#

(g

G

G
G

G
G

G

G

G

G

G

G

G
G

(((((

((((( (((((

(((((

)))))

)))))

)))))

)))))

*****

*****

*****

*****
PS4

PS3

PS2

PS1

PR4

PR3

PR2

PR1

Q4

Q3Q2

Q1

Scale

Designed: 

Drawn Approved

Date

Revision

Project No: 

@ Tabloid

Revision Date

Map No
August 20141Note:

WATER UTILITY MASTER PLAN
HYDRANT TEST SET #3

Client

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

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

CL

Path: G:\opus_dk\municipal\857 Anmore\gis\D-85701.00 Water Utility Master Plan\TM2 - Hydrant Testing Program\Figure 4-3 Hydrant Test Set3.mxd

1:3,379

0 5025 MetersCL

D-85702.00

Figure 4-3

.

Legend

***** Static Hydrant

))))) Residual Hydrant

((((( Flow Hydrant

G Hydrant*

!

#

(g PRV

Watermain

*Hydrant locations are estimated



Page | 1 

 
 Opus DaytonKnight 

Consultants Ltd 
North Vancouver Office 
210-889 Harbourside Drive 
North Vancouver BC  V7P 3S1 
Canada 
 
t: +1 604 990 4800 
f: +1 604 990 4805 
w: www.opusdaytonknight.com 

 TO Kevin Dicken   

 FROM Clive Leung, P.Eng. 

 DATE February 5, 2015 

 FILE D-85702.00 

 SUBJECT Technical Memorandum #3: Village of Anmore Water 
Model Development, Calibration, and Existing System 
Analysis 

 
The Village of Anmore (Anmore) retained Opus DaytonKnight (Opus DK) to provide a Water 
Utility Master Plan to assess the current state of its water distribution system and plan for future 
growth. Details of the Master Plan will assist Anmore in determining the strategic infrastructure 
priorities within its water system, operations and maintenance requirements, and its needs for 
upgrades, expansion, and renewal to serve current and future needs. Opus DK submitted 
Technical Memorandum #1 on July 21, 2014, which provided Anmore with a detailed inventory 
of the existing infrastructure assets in the water utility. Technical Memorandum #2, submitted 
on August 6, 2014, summarized the hydrant flow testing program carried out by Opus DK staff. 

This memorandum summarizes the steps taken in the development of Anmore’s hydraulic model 
as well the calibration program used to ensure the model’s accuracy. In addition, this 
memorandum provides an overview of Opus DK’s analysis of Anmore’s existing water system. 

1 Background 

1.1 Data Collection and Information Review 

Historical data, water system information, and previous studies that have been reviewed during 
development of the hydraulic model includes: 
 
  2014 Village of Anmore Official Community Plan; 
 2012 Village of Anmore residential water meter records; 
 2009-2013 peak flow records at City of Port Moody connection; 
 2007 Report to Village of Anmore for Water Supply Study, McElhanney Consulting Services; 
 Current operational information on Anmore’s Pump stations and PRVs; 
 As-built drawings for Anmore watermains; and, 
 LiDAR and contour information for Anmore. 

1.2 WaterCAD 

Anmore’s water model was developed in WaterCAD V8i from Bentley Systems Inc. 

WaterCAD is a stand-alone program for the analysis of water supply distribution systems 
developed by Bentley Systems Inc. It allows the user to construct a graphical representation of 
the water distribution network from record drawings, CAD drawings, or GIS databases. Network 
simulations are performed using a hydraulic computational engine. Results can be displayed in 
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the form of tables, graphs and colour-coded network maps. Results can also be exported as 
shapefiles for display in a GIS program.  

2 Existing Water System & Model Development 

2.1 System Overview 

Anmore’s water system consists of 9 pressure zones, 2 pump stations, 8 pressure reducing 
stations, and includes over 20 km of watermain.  Anmore receives its potable water from the City 
of Port Moody, which in turn is supplied through four connections to Metro Vancouver Trunk 
Mains crossing the City. The aforementioned components of Anmore’s distribution system are 
summarized in Table 2-1 and illustrated in Figure 2-1.  

Table 2-1 
Water System Summary 

Water System Component Quantity 

Pressure Zones 9 

Port Moody Supply Connection 1 

Pump Stations 2 

Pressure Reducing Stations 8 

Length of watermains (km) 20 

 
The 2014 population of Anmore is estimated to be approximately 2,275 people. The 2014 
population was extrapolated from recent Census population data using a growth rate of 3.22%. 
This growth rate was compounded annually based on Census data from 2006 and 2011.  

The total service population was estimated by determining a unit population density per acre, 
which allowed for excluding properties serviced by private wells, using a map provided by 
Anmore staff and area estimates based on spatial analysis in GIS.  

Of the current population, the total serviced population is approximately 2,061. The 
remaining 214 residents are serviced by private wells.  

2.2 Port Moody Connection 

Anmore’s water system is currently supplied by the City of Port Moody, via a 200 mm watermain 
connection at the intersection of Water Street and Blackberry Drive in Anmore. The water is 
supplied from the City of Port Moody’s 290 m HGL Pressure Zone.  

Anmore currently holds a 1998 servicing agreement with the City of Port Moody for the water it 
is supplied. Anmore is currently billed through tracked total water usage at a Port Moody owned 
flow meter at the connection. Anmore has recently installed its own magnetic flow meter at its 
newly constructed re-chlorination building at the intersection of Hummingbird Drive and Robin 
Way which will enable verification of the recorded flows from Port Moody. 
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2.3 Pump Stations 

There are two pump stations in Anmore, including the Uplands pump station and the Pinnacle 
Ridge pump station, the latter of which is currently not in service. The operating curves for 
Anmore’s pumps were available and entered into the water model.  

In addition to the two Anmore pump stations, there is the privately owned Sunset Ridge pump 
station which is accessible by Anmore Staff. The assessment of the private Sunset Ridge pump 
station is outside the scope of this assignment but it has been included in this memorandum for 
completion. Note that pump operating curves are not included for the Sunset Ridge pump 
station, only general information which was made available to Opus DK. 

Details of the pump stations and the number of pumps at each station are summarized in  
Table 2-2. 

Table 2-2 
Existing Pump Stations 

ID Pump Station Number of  
Pumps Elev (m) Zone Supplied 

3863, 3864, 
3706 Uplands 3 178.0 Pumped Zone II 

3704, 4521, 
4522, 4523 

Pinnacle Ridge 4 240.0 Pumped Zone I 

3994, 3997 
Sunset Ridge 

(Private) 2 192.0 Private 
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2.4 Pressure Reducing Stations 

There are 8 pressure reducing (PRV) stations in Anmore’s distribution system. Elevations of the 
PRVs and their lead and lag valve pressure settings are summarized in Table 2-3.   

Table 2-3 
PRV Parameters 

ID PRV 
Station 

Elevation 
(m) 

Valve 
Diameter 

(mm) 

Pressure 
Setting 
(PSI) 

Status Zone 
Supplied 

4144 and 
3701 

Lower 
Pinnacle 

205.0 50 and 150 61 and 53 Open Zone 1 (242 m) 

4136 and 
3697 

Thomson 
East 199.0 50 and 200 68 and 60 Open Zone 1 (242 m) 

4150 and 
3700 

Thomson 
Lancaster 188.6 50 and 150 84 and 70 Open Zone 1 (242 m) 

4112 and 
3699 

Lower 
Crystal Creek 118.0 50 and 150 56 and 46 Open 

136 m HGL 
Zone 

4119 and 
3698 

Upper 
Crystal Creek 

164.6 50 and 150 45 and 38 Open Zone 3 (165 m) 

4123 and 
3703 

Countryside 171.9 50 and 150 108 and 95 Closed Zone 1 (242 m) 

4131 and 
3702 Sunnyside* 145.0 50 and 150 33 and 25 Open 200 HGL Zone 

3696 Elementary* 171.0 150 54 Open Zone 2 (190 m) 

*PRV settings were reduced by 6 psi during calibration to match field results. 

The table includes pressure setpoints that Anmore has recently reconfigured for its PRV stations 
based on discussions with Opus DK during the initial stages of the model development process. 

2.5 Distribution System 

Anmore’s distribution system consists of over 20 kilometres of watermain supplying 
approximately 2,061 residential users. The distribution pipes range in diameter from 50 mm to 
300 mm and were installed between 1990 and 2013. A summary of the existing pipe diameters 
and approximate total lengths are listed in Table 2-4.  

Table 2-4 
Existing Watermain Diameters 

Diameter (mm) Total Length (m) 

50 41 

100 132 

150 5,205 

200 9,490 

250 5,620 

300 64 

TOTAL 20,552 
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Pipe diameters, age, and construction materials used for the watermain network were taken 
from as-built drawings as provided by Anmore and entered into a GIS shapefile database. This 
information was added to the hydraulic model. A key part of the model development assignment 
was adding pipe roughness coefficient ‘C’ factors to the watermains according to their age and 
construction material.  

Opus DK has developed an extensive database of pipe roughness ‘C’ values through practical 
experience in the development and calibration of numerous water models throughout the Lower 
Mainland. Anmore’s water distribution system is primarily composed of Ductile Iron 
watermains, with a small percentage of PVC watermains in close proximity to the City of Port 
Moody connection. A ‘C’ factor of 130 was chosen for all the watermains as the initial ‘C’ factor, 
based on the construction material and relative age of the watermains. Table 2-5 summarizes the 
distribution of watermains by material and age. 

Table 2-5 
Existing Watermain Materials 

Material 1990 – 2000 2000 – 2014 Total Length (m) Initial ‘C’-
Factor 

Ductile Iron 6,883 13,084 19,967 130 

PVC 585 - 585 130 

 

3 Water Demand Allocation 

Demand allocation is a detailed process in which the water model is populated with the overall 
demand of the water system. It is an important step in creating a hydraulic model which will 
accurately depict the current demands and stresses on the water system, and enables the 
municipality to assess the impact of water usage and the level of service provided to its residents 
across its system.  

The process used to allocate demands in the water model for Anmore was to first characterize 
the Average Day, Maximum Day and Peak Hour Demands. After these demands had been 
finalized, water demands under each demand scenario were allocated to a parcel shapefile based 
on a combination of addresses on water meter records reviewed and peaking factors. After all 
demands had been assigned, land parcels were converted into nodes and their demands were 
imported into the model and then proportionally distributed to the nearest model nodes. 

The following information was provided to characterize the water demand in Anmore: 

 Individual meter data in pdf format; 
 Total system demands available from the Port Moody connection; and,  
 Additional metered data was available in three month intervals from 2009 to 2013.  

3.1 Average Day Demand 

The Average Day Demand (ADD) was found by comparing historical metered flow data using 
three-month intervals for the given 5-year period, as summarized in Table 3-1. The highest 
recorded demand, which was in 2013, was used as a conservative estimate, and adjusted for the 
projected increase in population from 2013 to 2014.  



Page | 6 

 

Pipe diameters, age, and construction materials used for the watermain network were taken 
from as-built drawings as provided by Anmore and entered into a GIS shapefile database. This 
information was added to the hydraulic model. A key part of the model development assignment 
was adding pipe roughness coefficient ‘C’ factors to the watermains according to their age and 
construction material.  
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experience in the development and calibration of numerous water models throughout the Lower 
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Table 2-5 
Existing Watermain Materials 

Material 1990 – 2000 2000 – 2014 Total Length (m) Initial ‘C’-
Factor 

Ductile Iron 6,883 12,713 19596 130 

PVC 585 - 585 130 

 

3 Water Demand Allocation 

Demand allocation is a detailed process in which the water model is populated with the overall 
demand of the water system. It is an important step in creating a hydraulic model which will 
accurately depict the current demands and stresses on the water system, and enables the 
municipality to assess the impact of water usage and the level of service provided to its residents 
across its system.  

The process used to allocate demands in the water model for Anmore was to first characterize 
the Average Day, Maximum Day and Peak Hour Demands. After these demands had been 
finalized, water demands under each demand scenario were allocated to a parcel shapefile based 
on a combination of addresses on water meter records reviewed and peaking factors. After all 
demands had been assigned, land parcels were converted into nodes and their demands were 
imported into the model and then proportionally distributed to the nearest model nodes. 

The following information was provided to characterize the water demand in Anmore: 

 Individual meter data in pdf format; 
 Total system demands available from the Port Moody connection; and,  
 Additional metered data was available in three month intervals from 2009 to 2013.  

3.1 Average Day Demand 

The Average Day Demand (ADD) was found by comparing historical metered flow data using 
three-month intervals for the given 5-year period, as summarized in Table 3-1. The highest 
recorded demand, which was in 2013, was used as a conservative estimate, and adjusted for the 
projected increase in population from 2013 to 2014.  
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Table 3-1 
Average Day Demand 

Year ADD (L/s) 

2009 8.2 

2010 8.2 

2011 7.7 

2012 7.9 

2013 10.0 

 

3.2 Maximum Day Demand 

The Maximum Day Demand (MDD) was estimated by analysing flow data from the Anmore Re-
Chlorination Booster Station, which measures flow rates provided to Anmore at the Port Moody 
connection. Anmore provided Opus DK with flow meter data from February to November 2014. 
The flow meter logs flows in 10-second intervals. 

Flows were averaged over 24-hour intervals, starting in May with the start of high seasonal 
flows, through to November to the end of the recorded data set. 

3.3 Peak Hour Demand 

Using the flow data from the Anmore Re-Chlorination Booster Station, which was used to 
determine the MDD, the Peak Hour Demand (PHD) was similarly calculated. 2014 flow data 
between May and November was averaged over 1-hour intervals to determine the PHD.  
 
3.4 Demand Summary & Allocation 

Table 3-2 summarizes the 2014 demand distribution for Anmore. 

Table 3-2 
Demand Distribution 

Demand 
Condition 

Demand 
(L/s) 

Demand 
(L/capita/day) 

Peaking 
Factors 

ADD 10.3 431.8 1.0 

MDD 15.7 658.2 1.52 

PHD 27.9 1169.6 2.71 

 
The spatial allocation of water demands in the model is based on peak period consumption data 
for the fall of 2012, which was provided by Anmore. The fall 2012 peak period consumption data 
was available by parcel address. This allowed Opus DK to rank users based on high to low water 
usage. 

The top 20 users from the given data set were identified and assigned their recorded peak flow in 
the parcel shapefile. The remaining flows from the consumption data, excluding the top 20 
users, were summed and then evenly distributed amongst the remaining parcels.  
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Using appropriate conversion factors, the parcel demands were adjusted until the total water 
demand for the system was equal to a given demand scenario (ie. ADD, MDD or PHD). Using 
this method, Average Day, Maximum Day and Peak Hour demands were appropriate allocated to 
the water model. 

4 Model Calibration 
Model calibration was carried out to ensure that the hydraulic water model would correlate to 
conditions found during field testing of the water system. To improve the accuracy of the model, 
the calibration process would improve any assumptions and/or estimates made in the 
development of the model through an iterative review process encompassing the details of each 
component of the water system including pipe lengths, pipe diameters, pipe materials, pipe 
roughness factors, node demands, node elevations, and pump configurations. 

The result of the model calibration has provided a good correlation between the field and 
computer predicted results. Only 14 out of 90 of the static and residual pressures differ between 
the field and model results by more than 10%. The calibration results are found in Appendix A. 

The methodology applied in calibrating the hydraulic model is summarized below. 

4.1 Hydrant Flow Testing 

A testing program was established by Opus DK to carry out hydrant flow tests in Anmore. Details 
on the testing program can be found in Technical Memorandum #2: Hydrant Flow Testing 
Program submitted August 6th, 2014. The hydrant flow testing program was conducted with the 
assistance of Anmore operations staff on August 27th, 2014.  

4.2 Model Calibration 

For the purposes of calibration, a number of adjustments were made to the model in matching 
computer results to field recorded results as detailed below. A general adjustment made that was 
found to aid in matching results was to lower the pressures downstream of two Port Moody PRVs 
in Port Moody’s water distribution system upstream of the connection to Anmore. The altered 
settings are summarized in Table 4-1. 

Table 4-1 
Background Settings 

Port Moody PRV Initial 
Setting (PSI) 

Calibration 
Setting (PSI) 

Chestnut Parkway 91 86 

Forest Park 45 40 

 

Results of the calibration for the three hydrant flow test sets are detailed below.  
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4.2.1 Test Set #1 (290m HGL Zone) 

 

Figure 4-2 Flow Test Set # 1 

Inflow into the 290 m HGL Zone comes directly from the Port Moody Connection. All lead valves 
at the Anmore PRVs were active for static pressure comparisons. For residual pressure 
comparison, lead valves were closed and all lag valves were opened for the PRVs.  

Initially, the static pressures correlated well, while the residual pressures did not correlate well 
with the model results. Adjusting the diameter of the watermain along Strong Road between 
Lancaster Court and East Road, from 150 mm to 200 mm, allowed the resolution of two (2) 
uncalibrated measurements in Hydrant Test #1.  

Field investigations by Anmore staff are recommended to confirm the size of the watermain 
identified above. The remaining uncalibrated results in Hydrant Tests #2 and #3 are likely due 
to poor field results. 

For the 290 m HGL Zone, 32 out of the 40 field (static and residual) pressures correlated well 
with model predicted results.  
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4.2.2 Test Set #2 (242 m HGL Zone) 

 

Figure 4-3 Flow Test Set #2 

Inflow into the 242 m HGL Zone is downstream of the Lower Pinnacle, Thomson East, and 
Thomson Lancaster PRVs. All lead valves at the Anmore PRVs were active for static pressure 
comparisons. For residual pressure comparison, lead valves were closed and all lag valves were 
opened for the PRVs mentioned above. For the remaining PRVs, lead valves remained active.   

For the 242 m HGL Zone, 37 out of the 40 field (static and residual) pressures correlated well 
with model predicted results.  
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4.2.3 Test Set #3 (190 m and 200 m HGL Zone) 

 

Figure 4-4 Flow Test Set #3 

Inflow into the 190 and 200 m HGL Zone is downstream of the Lower Pinnacle, Thomson East, 
Thomson Lancaster, Elementary and Sunnyside PRVs. All lead valves at the Anmore PRVs were 
active for static pressure comparisons. For residual pressure comparison, lead valves were closed 
and all lag valves were opened for the PRVs mentioned above. For the remaining PRVs, lead 
valves remained active.   

Field results were available only for Hydrant Test #4 due to equipment malfunction during field 
testing. Initially, the static pressures correlated well, while the residual pressures did not 
correlate well with the model results. Adjusting the ‘C’-factor for all pipes downstream of the 
Sunnyside PRV, from 130 to 100, allowed for better results. Additionally, the downstream 
pressure settings at the Elementary and Sunnyside lead and lag PRVs were reduced by 6 psi, 
which allowed for the resolution of three (3) uncalibrated measurements in Hydrant Test #4.  

For the 190 m and 200 m HGL Zone, 7 out of the 10 field (static and residual) pressures 
correlated well with model predicted results.  
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4.3 Calibration Summary 

In summary, an acceptable calibration for much of Anmore’s water distribution system has been 
achieved. Opus DK recommends some field checks to be made by Anmore staff based on 
adjusted watermain diameters made to the model as detailed above. 

While additional spot checks can be made at future dates should Anmore require some 
verification for those pressure zones not covered through the model calibration process, Opus 
DK concludes that the calibration program has provided sufficient calibration for the model for 
the purposes of system analysis. 

5 Design Criteria 
This section summarizes the design and evaluation criteria used in the assessment of various 
components within Anmore’s water distribution system which includes a review of the pump 
stations, PRV stations, and the distribution network. 

5.1 Pump Stations 

As outlined in the MMCD design guideline manual, pump stations are generally designed to 
meet the maximum day demand of the downstream service areas with the largest pump out of 
service, provided that storage is available within the service area. If storage is not available, the 
pumping capacity should meet the peak hour demand with the largest pump out of service. In 
the case of Anmore where there are no reservoirs present, pump station capacity was assessed 
against peak hour demands with one pump operational. Only the Uplands pump station was 
analyzed, as the Pinnacle Ridge pump station is not normally operational under current 
conditions.  

5.2 Service Pressures 

Anmore’s Works and Services Bylaw No. 242-1998, combined with recommendations from the 
2014 MMCD Design Guideline Manual, was used to determine the allowable minimum and 
maximum pressures in the water system under different demand conditions and is summarized 
in Table 5-1.  

Table 5-1 
Service Pressure Requirements 

During Maximum Day Plus Fire Flow Minimum 20 psi (150 kPa) 

During Peak Hour Minimum 40 psi (300 kPa) 
 

5.3 Fire Protection 

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

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

pressure (20 psi) on the street main is required during fires;  
c. Fire flow is coincident with maximum day demand; 
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Table 5-2 shows the recommended minimum fire flow requirements for various land use areas in 
Anmore.  These values are based on Anmore’s Works and Services Bylaw No. 242-1998. 

Table 5-2  
Fire Flow Requirements 

Land Use 
Min. Required 

Fire Flow 
(L/s) 

Urban 
Single Family (RS-1) 60 

Cluster Housing (RS-2, RS-3) 120 

Suburban 
Extensive Rural & Recreational 60 

Campgrounds 60 

School (Any Zone) 120 

Institutions (P-1) 90 

Commercial 
& Industrial 

Isolated Commercial 90 

Small Group Commercial 120 
 

6 Model Scenarios 
Modeling scenarios were developed in the hydraulic model in order to assess the impact of 
various demand scenarios on Anmore’s existing distribution system. The Average Day Demand 
calculated in Section 3 was factored by 2.75% to establish 2014 water demands, taking into 
account a yearly projected population increase of 61 persons. Maximum Day and Peak Hour 
Demands calculated in Section 3 were based on 2014 data.  

The following model scenarios were developed for Anmore’s water model: 

 2014 ADD – 2014 Average Day Demand  
 2014 MDD – 2014 Maximum Day Demand  
 2014 MDD+FF – 2014 Maximum Day Demand plus Fire Flow  
 2014 PHD – 2014 Peak Hour Demand  

These scenarios are steady state scenarios and reflect demand consumptions under the existing 
conditions. 

6.1 Fire Flow Scenario Development 

In order to assess the current distribution system in its ability to provide sufficient fire flows 
throughout Anmore, the 2014 MDD+FF scenario was developed.  

In the 2014 MDD+FF scenario, with reference to the current landuse zoning provided by 
Anmore, all of the model nodes were assigned a fire flow criteria based on the landuse type 
adjacent to the node as noted in Schedule B2 of the OCP. Table 5-2 outlines the fire flow 
requirements for each landuse type. For nodes neighbouring two different landuse types, the 
landuse with the higher fire flow requirement was assigned to the node.  
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7 Existing System Analysis 
This section covers the hydraulic analysis of the Anmore water system under existing demand 
conditions. The objective of the analysis is to assess the system’s performance with respect to 
compliance with the design criteria outlined in Section 5 and to highlight system deficiencies. 

7.1 Pump Capacity Analysis 

The design capacity of the Uplands pump station is the combined design flow of all the pumps 
minus that of the largest pump. Table 7-1 compares the required capacity to the available 
pumping capacity under the existing peak hour demand condition. Based on the analysis below, 
the Uplands pump station is adequate in meeting the existing peak hour demand. 

Table 7-1 
Pump Station Analysis 

Pump 
Station 

Service 
Area Zone 

(HGL) 

Capacity 
Required 

(L/s) 

Design 
Capacity 

(L/s) 
Excess (L/s) Deficient? 

Uplands Pumped Zone 
II (379 m) 1.0 4.2 3.2 No 

 
7.2 Distribution System Analysis 

A review of the capacity of Anmore’s water distribution mains was carried out with respect to 
their ability to convey adequate service pressures and fire flows throughout the entire water 
distribution system. The level of service provided by Anmore’s water system under existing 
demands is highlighted below.  

7.2.1 System Pressure Analysis 

The system pressure analysis identifies areas in the water distribution system that do not satisfy 
the minimum pressure criteria of 40 psi under the peak hour demand (PHD) condition. Figure 
7-1 illustrates the model predicted PHD pressures throughout the system.  

Three (3) nodes under the existing PHD scenario were identified as pressure deficient (pressure 
< 40 psi). One node, downstream of the Thomson East PRV, is within 5% of meeting minimum 
pressure criteria, and as such, it is determined that the existing water system network is capable 
of providing adequate system pressure to the area. The remaining two nodes are immediately 
downstream of the Sunnyside PRV, and are 10% and 14% below the minimum pressure criteria.  

Though Anmore had requested Opus DK to provide PRV setpoints prior to the construction of 
the model for the purposes of establishing suitable pressures within its zones, the model 
calibration process has found a lower than expected setpoint set at the Sunnyside and 
Elementary PRV stations.  

7.2.2 Fire Flow Analysis 

The fire flow analysis identifies areas within the water distribution system that do not meet the 
fire flow requirements as outlined in Section 5. A model node is found deficient if the node fails 
to maintain a residual pressure of at least 20 psi while supplying the required fire flow under the 
maximum day demand (MDD) condition. 
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Under the 2014 MDD+FF scenario, the model predicted forty-three (43) fire flow deficient 
nodes. Additional deficient nodes which are excluded were manually checked and disregarded as 
deficient if one of the following applies: 

 If deficient node is located along a private main 
 If deficient node is a non-demand node 
 If there is no hydrant in the vicinity of the deficient node 

 
Deficient nodes are highlighted in Figure 7-2. Table 7-1 categorizes the fire flow deficient nodes 
according to their land use types.  

Table 7-1 
Summary of Fire Flow Deficiencies 

Land Use 
 
 

Urban 
Single Family (RS-1) 36 

Cluster Housing (RS-2, RS-3) 0 

Suburban 
Extensive Rural & Recreational 

2 
Campgrounds 

School (Any Zone) 0 

Institutions (P-1) 0 

Commercial 
& Industrial 

Isolated Commercial 5 

Small Group Commercial 0 
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Village of Anmore  - Model Development, Calibration, and Existing System Analysis 
Appendix A – Calibration Summary 

 

 

 

 
Static 
(psi)

Residual 
(psi)

Static 
HGL (m)

Residual 
HGL (m)

Static 
(psi)

Residual 
(psi)

Static 
HGL (m)

Residual 
HGL (m)

Q1 65.1 S1-Q1 2091 97 191
13:27 S1-PR1 2091 96 192 138.2 89.2 289.0 254.5 139.2 93.3 289.7 257.4 1.0 0.7% 4.1 4.6%

S1-PS1 376 91 202 127.3 115.4 291.1 282.7 127.4 121.0 291.2 286.7 0.1 0.1% 5.7 4.9%
S1-PS2 1006 79 214 102.5 78.9 286.4 269.9 107.2 78.9 289.8 269.9 4.7 4.6% 0.0 0.0%
S1-PS3 2069 87 209 110.6 89.9 287.0 272.4 115.2 93.1 290.2 274.7 4.6 4.1% 3.2 3.6%
S1-PS4 2088 94 189 141.5 96.7 288.6 257.1 143.1 99.5 289.7 259.1 1.6 1.1% 2.8 2.9%

Q2 66.9 S1-Q2 2105 77 218
14:20 S1-PR2 2107 75 201 127.1 122.6 289.9 286.8 126.6 94.6 289.6 267.1 -0.5 -0.4% -28.0 -22.8%

S1-PS1 376 91 201.6 126.9 125.4 290.8 289.7 127.4 120.8 291.2 286.6 0.5 0.4% -4.6 -3.6%
S1-PS2 1006 79 214.4 101.6 97.6 285.8 283.0 107.2 78.3 289.8 269.5 5.6 5.5% -19.3 -19.7%
S1-PS3 2069 87 209.2 111.0 105.5 287.3 283.4 115.2 92.1 290.2 274.0 4.2 3.8% -13.4 -12.7%
S1-PS4 2088 94 189.1 141.3 138.1 288.4 286.2 143.1 114.2 289.7 269.4 1.8 1.3% -23.9 -17.3%

Q3 71.0 S1-Q3 2069 86 208.4
14:03 S1-PR3 2067 85 214.4 108.5 104.3 290.7 287.7 108.4 83.7 290.6 273.3 -0.1 -0.1% -20.6 -19.8%

S1-PS1 376 91 201.6 127.2 125.6 291.0 289.9 127.4 120.3 291.2 286.2 0.2 0.2% -5.3 -4.2%
S1-PS2 1006 79 214.4 103.0 98.7 286.8 283.8 107.2 82.7 289.8 272.6 4.2 4.1% -16.0 -16.2%
S1-PS3 2069 87 209.2 110.6 106.8 287.0 284.3 115.2 88.8 290.2 271.6 4.6 4.1% -18.0 -16.9%
S1-PS4 2088 94 189.1 141.3 137.0 288.5 285.4 143.1 118.5 289.7 272.4 1.8 1.2% -18.5 -13.5%

Q4 58.0 S1-Q4 J-1500 83 241.8
13:48 S1-PR4 2076 H-1 208 115.7 102.5 289.4 280.1 117.8 103.9 290.8 281.1 2.1 1.8% 1.4 1.3%

S1-PS1 376 91 201.6 124.8 118.7 289.4 285.1 127.4 121.9 291.2 287.3 2.6 2.1% 3.2 2.7%
S1-PS2 1006 79 214.4 101.4 87.5 285.7 275.9 107.2 88.3 289.8 276.5 5.8 5.8% 0.8 0.9%
S1-PS3 2069 87 209.2 111.4 95.3 287.5 276.2 115.2 96.8 290.2 277.3 3.8 3.4% 1.5 1.6%
S1-PS4 2088 94 189.1 141.1 124.9 288.3 276.9 143.1 124.1 289.7 276.4 2.0 1.4% -0.8 -0.6%

Q1 36.9 S2-Q1 1021 26 192.9
10:28 S2-PR1 2054 25 180.9 97.4 77.5 249.4 235.4 94.8 59.0 247.6 222.4 -2.6 -2.7% -18.5 -23.9%

S2-PS1 1008 66 186.7 89.3 82.7 249.5 244.8 86.9 77.4 247.8 241.1 -2.4 -2.7% -5.3 -6.4%
S2-PS2 J-1562 45 173.6 108.4 100.1 249.8 244.0 105.3 93.6 247.7 239.4 -3.1 0.0 -6.5 -6.5%
S2-PS3 J-1525 22 191.7 87.4 66.2 253.2 238.3 79.5 55.6 247.6 230.8 -7.9 -0.1 -10.6 -16.0%
S2-PS4 1031 34 159.9 120.1 113.2 244.3 239.5 124.8 112.9 247.7 239.3 4.7 0.0 -0.3 -0.2%

Q2 52.2 S2-Q2 2195 32 185.1
10:08 S2-PR2 1034 31 168.2 111.5 90.1 246.6 231.5 112.9 89.7 247.6 231.3 1.4 1.2% -0.4 -0.4%

S2-PS1 1008 66 186.7 88.6 76.8 249.0 240.7 86.9 76.7 247.8 240.6 -1.7 0.0 -0.1 -0.1%
S2-PS2 J-1562 45 173.6 107.4 93.8 249.1 239.5 105.3 90.7 247.7 237.4 -2.1 -2.0% -3.1 -3.3%
S2-PS3 J-1525 22 191.7 87.6 65.4 253.3 237.7 79.5 64.4 247.6 237.0 -8.1 -9.2% -1.0 -1.5%
S2-PS4 1031 34 159.9 121.4 105.1 245.3 233.8 124.8 108.3 247.7 236.1 3.4 2.8% 3.2 3.0%

Q3 50.1 S2-Q3 1033 39 186
9:36 S2-PR3 1030 38 187.5 88.9 66.9 250.0 234.6 85.6 66.9 247.7 234.5 -3.3 -3.7% 0.0 0.0%

S2-PS1 1008 66 186.7 91.4 74.1 251.0 238.8 86.9 76.8 247.8 240.7 -4.5 -4.9% 2.8 3.7%
S2-PS2 J-1562 45 173.6 109.0 89.7 250.3 236.6 105.3 90.7 247.7 237.4 -3.7 -3.4% 1.0 1.1%
S2-PS3 J-1525 22 191.7 84.7 66.2 251.3 238.3 79.5 65.6 247.6 237.8 -5.2 -6.2% -0.6 -0.9%
S2-PS4 1031 34 159.9 122.5 99.9 246.0 230.1 124.8 108.0 247.7 235.8 2.3 1.9% 8.2 8.2%

Q4 33.6 S2-Q4 J-1553 12 175.9
10:50 S2-PR4 J-1537 13 170.9 110.9 87.3 248.9 232.3 109.1 81.5 247.6 228.2 -1.8 -1.7% -5.8 -6.6%

S2-PS1 1008 66 186.7 89.8 82.5 249.8 244.7 86.9 77.6 247.8 241.3 -2.9 -3.2% -4.9 -5.9%
S2-PS2 J-1562 45 173.6 108.2 100.3 249.7 244.1 105.3 94.1 247.7 239.8 -2.9 -2.7% -6.2 -6.2%
S2-PS3 J-1525 22 191.7 84.9 64.7 251.4 237.2 79.5 57.7 247.6 232.3 -5.4 -6.4% -7.0 -10.9%
S2-PS4 1031 34 159.9 121.7 113.3 245.5 239.5 124.8 113.4 247.7 239.6 3.1 2.5% 0.2 0.1%

Q1 71.0 S3-Q1 2159 51 157.9
15:45 S3-PR1 2159 49 164.2 - - - - - - - - - - - -

S3-PS1 2159 50 163.1 - - - - - - - - - - - -
S3-PS2 2176 54 158.3 - - - - - - - - - - - -
S3-PS3 2244 57 143 - - - - - - - - - - - -
S3-PS4 2182 58 132.8 - - - - - - - - - - - -

Q2 0.0 S3-Q2 2174 53 161.7
0:00 S3-PR2 2170 52 152.1 - - - - - - - - - - - -

S3-PS1 2159 50 163.1 - - - - - - - - - - - -
S3-PS2 2176 54 158.3 - - - - - - - - - - - -
S3-PS3 2244 57 143 - - - - - - - - - - - -
S3-PS4 2182 58 132.8 - - - - - - - - - - - -

Q3 58.0 S3-Q3 2178 56 162.9
15:25 S3-PR3 J-1516 55 160.8 - - - - - - - - - - - -

S3-PS1 2159 50 163.1 - - - - - - - - - - - -
S3-PS2 2176 54 158.3 - - - - - - - - - - - -
S3-PS3 2244 57 143 - - - - - - - - - - - -
S3-PS4 2182 58 132.8 - - - - - - - - - - - -

Q4 60.4 S3-Q4 2186 61 122.9
15:08 S3-PR4 J-1571 60 106.3 84.9 69.9 166.0 155.4 87.9 69.9 168.1 155.5 3.0 3.5% 0.1 0.1%

S3-PS1 2159 50 163.1 67.7 61.3 210.7 206.2 65.3 64.2 209.0 208.2 -2.4 -3.5% 3.0 4.8%
S3-PS2 2176 54 158.3 64.8 57.9 203.8 199.0 72.1 69.5 209.0 207.2 7.3 11.3% 11.6 20.0%
S3-PS3 2244 57 143 35.7 23.7 168.1 159.6 35.9 27.4 168.2 162.3 0.2 0.6% 3.7 15.7%
S3-PS4 2182 58 132.8 50.2 36.5 168.1 158.5 50.3 39.8 168.2 160.8 0.1 0.2% 3.3 9.0%
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Pump Configuration 
Pump configurations at Anmore’s two pump stations were determined from received as-built drawings, fire 
pump flow tests, and rated pump curves from manufacturers. The methodology applied in determining each 
pump configuration is detailed below. Relevant sources are included at the end of the appendix. 

1.1 Uplands Pump Station 

The Uplands Pump Station is located along Uplands Drive at an elevation of 181 m. It services the existing 
377 m HGL zone, designated as Pumped Zone II on Figure 2-1. The pump station houses two (2) duty 
pumps and one (1) fire pump, as detailed below. 

1.1.1 Fire Pump 

The pump curve for the Upland Fire Pump (AC Fire 8100 HSC 6x4x11F) was taken from the manufacturer’s 
pump curve and confirmed with Anmore’s Fire Pump Flow Test Report dated November 2013. Both these 
sources were provided by Anmore staff. 

1.1.2 Duty Pumps 

The configuration, make and model of the Uplands Duty Pumps (Grundfos CR10-9 Pumps c/w 7.5 HP)  was 
determined from as-built drawings from September 2008, provided by Anmore staff. Pump curves for the 
given make and model were found from the manufacturer’s website. The rated pump curve was chosen by 
matching the shutoff head to the fire pump. The design capacity of the Uplands duty pumps was determined 
based on the assumption that the rated head was the same as for the Uplands Fire Pump (155 psi); this 
yielded a design capacity of 3.0 L/s.  
 
The Uplands Pump Station Description of Operation document set out the typical operating regime of the 
Variable Frequency Drive (VFD) pumps. For the purposes of modelling the existing and future Peak Hour 
Demand (PHD) scenarios, a less efficient pump operating regime at a lower pump curve was used to match 
field results.  
 
1.2 Pinnacle Ridge Pump Station 

1.2.1 Fire Pump 

The pump curve for the Pinnacle Ridge Fire Pump (AC Fire 8100 Split Case) was taken from the 
manufacturer’s pump curve and confirmed with Anmore’s Fire Pump Flow Test Report dated September 
2013. Both these sources were provided by Anmore staff.   
 
1.2.2 Duty & Jockey Pumps 

The configuration, make and model of the Pinnacle Ridge Duty Pumps (Goulds 33SV63GN4E60 Inline 
multistage pumps, 30 HP) and Jockey Pump (Goulds 5SV23FH5E60 Inline Multistage pumps, 7.5HP) were 
determined from as-built drawings dated September 2009, provided by Anmore staff. The design point for 
the duty pumps was specified within Anmore’s as-built drawings, which allowed us to determine the 
appropriate pump curve from the manufacturer’s website. The Jockey Pump was assumed to have the same 
shutoff head as the duty pumps.  
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Performance curves
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Technical data
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All dimensions in inches unless otherwise noted.
*Oval flanged pump B1 and B1+B2 dimension is equal to ANSI flanged pumps and weight is approximately 3 lbs. less.
• Available.
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2" ANSI 250 lb. R.F.

Pump
type

P2
[hp] Ph. Oval*

ANSI dimensions [inch]
Ship
Wt.

[lbs.]

ANSI dimensions [inch]
Ship
Wt.

[lbs.]B1
TEFC ODP MLE

D1 D2 B1+B2 D1 D2 B1+B2 D1 D2 B1+B2

CR(E) 10-1 3/4
1 • 15.28 7.19 5.73 26.47 - - - 115 5.55 5.51 24.26 108

3 • 15.28 5.55 4.57 22.72 - - - 106 7.01 6.57 28.08 128

CR(E) 10-2 1 1/2
1 • 15.28 7.19 5.73 26.96 - - - 128 - - - -

3 • 15.28 5.55 4.57 23.90 - - - 106 7.01 6.57 28.08 128

CR 10-3 3
1 • 17.20 8.60 6.87 31.85 - - - 183 - - - -

3 • 17.20 7.01 4.33 30.43 - - - 153 - - - -

CR(E) 10-4 3
1 • 18.39 8.60 6.87 33.04 - - - 183 - - - -

3 • 18.39 7.01 4.33 31.62 - - - 156 7.01 6.57 31.70 163

CR 10-5 5
1 • 19.57 10.62 7.46 35.09 - - - 209 - - - -

3 • 19.57 8.66 5.28 35.08 - - - 206 - - - -

CR(E) 10-6 5
1 • 20.75 10.62 7.46 36.27 - - - 212 - - - -

3 • 20.75 8.66 5.28 36.26 - - - 208 8.66 7.40 36.26 201

CR 10-7 7 1/2
1 - 22.25 10.22 7.62 37.78 - - - 232 - - - -

3 - 22.25 8.66 5.28 37.76 - - - 221 - - - -

CR(E) 10-8 7 1/2
1 - 23.43 10.22 7.62 38.96 - - - 234 - - - -

3 - 23.43 8.66 5.28 38.94 - - - 223 8.66 7.40 38.94 236

CR 10-9 7 1/2
1 - 24.61 10.22 7.62 40.14 - - - 236 - - - -

3 - 24.61 8.66 5.28 40.12 - - - 225 - - - -

CR(E) 10-10 7 1/2
1 - 25.79 10.22 7.62 41.32 - - - 238 - - - -

3 - 25.79 8.66 5.28 41.30 - - - 227 8.66 7.40 41.30 240

CR(E) 10-12 10
1 - 28.15 10.23 10 30 44.22 - - - 355 - - - -

3 - 28.15 8.66 5.28 43.66 - - - 232 10.24 8.39 43.07 251

CR(E) 10-14 15 3 - 33.06 10.22 8.67 49.64 10 62 7 33 49.37 443 - - - -

CR 10-16 15 3 - 35.43 10.22 8.67 52.01 10 62 7 33 51.74 451 - - - -

CR 10-17 15 3 - 37.80 10.22 8.67 54.38 10 62 7 33 54.11 455 - - - -

CR(E) 10
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All dimensions in inches unless otherwise noted.
*Oval flanged pump B1 and B1+B2 dimension is equal to ANSI flanged pumps and weight is approximately 7 lbs. less.
• Available.
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2" ANSI 300 lb. R.F.

Pump
type

P2
[hp] Ph. Oval*

ANSI dimensions [inch]
Ship
Wt.

[lbs.]

ANSI dimensions [inch]
Ship
Wt.

[lbs.]B1
TEFC ODP MLE

D1 D2 B1+B2 D1 D2 B1+B2 D1 D2 B1+B2

CRI(E) 10-1 1
1 • 15 20 7.19 5.73 26 39 - - - 106 5.55 5.51 24.18 97

3 • 15 20 5 55 4 57 22 64 - - - 97 7.01 6.57 28.00 119

CRI(E) 10-2 1 1/2
1 • 15 20 7.19 5.73 26 88 - - - 121 - - - -

3 • 15 20 5 55 4 57 23 82 - - - 99 7.01 6.57 28.00 119

CRI 10-3 3
1 • 17.13 8 60 6 87 31.78 - - - 174 - - - -

3 • 17.13 7 01 4 33 30 36 - - - 147 - - - -

CRI(E) 10-4 3
1 • 18 31 8 60 6 87 32 96 - - - 176 - - - -

3 • 18 31 7 01 4 33 31 54 - - - 147 7.01 6.57 31.62 157

CRI 10-5 5
1 • 19.49 10.62 7.46 35 01 - - - 203 - - - -

3 • 19.49 8 66 5 28 35 00 - - - 199 - - - -

CRI(E) 10-6 5
1 • 20 67 10.62 7.46 36.19 - - - 205 - - - -

3 • 20 67 8 66 5 28 36.18 - - - 201 8.66 7.40 36.18 194

CRI 10-7 7 1/2
1 • 22.17 10.22 7 62 37.70 - - - 225 - - - -

3 • 22.17 8 66 5 28 37 68 - - - 212 - - - -

CRI(E) 10-8 7 1/2
1 • 23 35 10.22 7 62 38 88 - - - 227 - - - -

3 • 23 35 8 66 5 28 38 86 - - - 214 8.66 7.40 38.86 229

CRI 10-9 7 1/2
1 • 24 53 10.22 7 62 40 06 - - - 229 - - - -

3 • 24 53 8 66 5 28 40 04 - - - 216 - - - -

CRI(E) 10-10 7 1/2
1 • 25.71 10.22 7 62 41 24 - - - 232 - - - -

3 • 25.71 8 66 5 28 41 22 - - - 218 8.66 7.40 41.22 234

CRI(E) 10-12 10
1 - 28 07 10.23 10.30 44.14 - - - 346 - - - -

3 - 28 07 8 66 5 28 43 58 - - - 225 10.24 8.39 42.99 243

CRI(E) 10-14 15 3 - 32 95 10.22 8 67 49 53 10 62 7.33 49.26 432 - - - -

CRI 10-16 15 3 - 35.31 10.22 8 67 51 89 10 62 7.33 51.62 442 - - - -

CRI 10-17 15 3 - 37.68 10.22 8 67 54 26 10 62 7.33 53.99 447 - - - -

CRI(E) 10
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All dimensions in inches unless otherwise noted.
*PJE flanged pump B1 and B1+B2 dimension is equal to ANSI flanged pumps and weight is approximately 9 lbs. less.
• Available

TM
03

 1
45

7 
22

05

B
2

D2
D1

10 1/4"

8 1/2"
9 3/4"

4 x ø9/16"

5 1/8"
7 7/8"

1 
1/

16
"

3 
1/

2"

B
1

G 1/2 PLUG
WITH 1/4"TAP
FOR GAUGE/
SENSOR

PRIMING
PORT (G 1/2)

DISCHARGE
SUCTION AND
2" Victaulic-type

PLUG (G 1/2)
DRAIN

TM
03

 1
45

9 
22

05

3/4 x 7/8"

ø5
"

11 7/8"

ø6
 1

/2
"

ø4 3/4"
ø2 9/16"

1 
1/

16
"

7 7/8"
5 1/8"

9 3/4"
8 1/2"

4 x ø9/16"

3 
1/

2"

B
1

G 1/2 PLUG
WITH 1/4"TAP
FOR GAUGE/
SENSOR

PRIMING
PORT (G 1/2)
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2" ANSI 300 lb. R.F.

Pump
type

P2
[hp] Ph. PJE*

ANSI dimensions [inch]
Ship
Wt.

[lbs.]

ANSI dimensions [inch]
Ship
Wt.

[lbs.]B1
TEFC ODP MLE

D1 D2 B1+B2 D1 D2 B1+B2 D1 D2 B1+B2

CRN(E) 10-1 1
1 • 15 20 7.19 5.73 26.39 - - - 106 5.55 5.51 24.18 97

3 • 15 20 5 55 4.57 22.64 - - - 97 7.01 6.57 28.00 119

CRN(E) 10-2 1 1/2
1 • 15 20 7.19 5.73 26.88 - - - 121 - - - -

3 • 15 20 5 55 4.57 23.82 - - - 99 7.01 6.57 28.00 119

CRN 10-3 3
1 • 17.13 8 60 6.87 31.78 - - - 176 - - - -

3 • 17.13 7 01 4.33 30.36 - - - 147 - - - -

CRN(E) 10-4 3
1 • 18 31 8 60 6.87 32.96 - - - 176 - - - -

3 • 18 31 7 01 4.33 31.54 - - - 149 7.01 6.57 31.62 157

CRN 10-5 5
1 • 19.49 10.62 7.46 35.01 - - - 203 - - - -

3 • 19.49 8 66 5.28 35.00 - - - 199 - - - -

CRN(E) 10-6 5
1 • 20 67 10.62 7.46 36.19 - - - 205 - - - -

3 • 20 67 8 66 5.28 36.18 - - - 201 8.66 7.40 36.18 194

CRN 10-7 7 1/2
1 • 22.17 10.22 7.62 37.70 - - - 227 - - - -

3 • 22.17 8 66 5.28 37.68 - - - 214 - - - -

CRN(E) 10-8 7 1/2
1 • 23 35 10.22 7.62 38.88 - - - 229 - - - -

3 • 23 35 8 66 5.28 38.86 - - - 216 8.66 7.40 38.86 229

CRN 10-9 7 1/2
1 • 24 53 10.22 7.62 40.06 - - - 232 - - - -

3 • 24 53 8 66 5.28 40.04 - - - 218 - - - -

CRN(E) 10-10 7 1/2
1 • 25.71 10.22 7.62 41.24 - - - 234 - - - -

3 • 25.71 8 66 5.28 41.22 - - - 221 8.66 7.40 41.22 234

CRN(E) 10-12 10
1 • 28 07 10.23 10 30 44.14 - - - 346 - - - -

3 • 28 07 8 66 5.28 43.58 - - - 225 10.24 8.39 42.99 243

CRN(E) 10-14 15 3 • 32 95 10.22 8.67 49.53 10.62 7 33 49.25 432 - - - -

CRN 10-16 15 3 • 35 31 10.22 8.67 51.89 10.62 7 33 51.63 442 - - - -

CRN 10-17 15 3 • 37 68 10.22 8.67 54.26 10.62 7 33 54.00 447 - - - -

CRN(E) 10



Technical data

43

All dimensions in inches unless otherwise noted.
*Oval flanged pump B1 and B1+B2 dimension is equal to ANSI flanged pumps and weight is approximately 3 lbs. less.
• Available.
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2" ANSI 250 lb. R.F.

Pump
type

P2
[hp] Ph. Oval*

ANSI dimensions [inch]
Ship
Wt.

[lbs.]

ANSI dimensions [inch]
Ship
Wt.

[lbs.]B1
TEFC ODP MLE

D1 D2 B1+B2 D1 D2 B1+B2 D1 D2 B1+B2

CR(E) 10-1 3/4
1 • 15.28 7.19 5.73 26.47 - - - 115 5.55 5.51 24.26 108

3 • 15.28 5.55 4.57 22.72 - - - 106 7.01 6.57 28.08 128

CR(E) 10-2 1 1/2
1 • 15.28 7.19 5.73 26.96 - - - 128 - - - -

3 • 15.28 5.55 4.57 23.90 - - - 106 7.01 6.57 28.08 128

CR 10-3 3
1 • 17.20 8.60 6.87 31.85 - - - 183 - - - -

3 • 17.20 7.01 4.33 30.43 - - - 153 - - - -

CR(E) 10-4 3
1 • 18.39 8.60 6.87 33.04 - - - 183 - - - -

3 • 18.39 7.01 4.33 31.62 - - - 156 7.01 6.57 31.70 163

CR 10-5 5
1 • 19.57 10.62 7.46 35.09 - - - 209 - - - -

3 • 19.57 8.66 5.28 35.08 - - - 206 - - - -

CR(E) 10-6 5
1 • 20.75 10.62 7.46 36.27 - - - 212 - - - -

3 • 20.75 8.66 5.28 36.26 - - - 208 8.66 7.40 36.26 201

CR 10-7 7 1/2
1 - 22.25 10.22 7.62 37.78 - - - 232 - - - -

3 - 22.25 8.66 5.28 37.76 - - - 221 - - - -

CR(E) 10-8 7 1/2
1 - 23.43 10.22 7.62 38.96 - - - 234 - - - -

3 - 23.43 8.66 5.28 38.94 - - - 223 8.66 7.40 38.94 236

CR 10-9 7 1/2
1 - 24.61 10.22 7.62 40.14 - - - 236 - - - -

3 - 24.61 8.66 5.28 40.12 - - - 225 - - - -

CR(E) 10-10 7 1/2
1 - 25.79 10.22 7.62 41.32 - - - 238 - - - -

3 - 25.79 8.66 5.28 41.30 - - - 227 8.66 7.40 41.30 240

CR(E) 10-12 10
1 - 28.15 10.23 10 30 44.22 - - - 355 - - - -

3 - 28.15 8.66 5.28 43.66 - - - 232 10.24 8.39 43.07 251

CR(E) 10-14 15 3 - 33.06 10.22 8.67 49.64 10 62 7 33 49.37 443 - - - -

CR 10-16 15 3 - 35.43 10.22 8.67 52.01 10 62 7 33 51.74 451 - - - -

CR 10-17 15 3 - 37.80 10.22 8.67 54.38 10 62 7 33 54.11 455 - - - -

CR(E) 10



Technical data

44

All dimensions in inches unless otherwise noted.
*Oval flanged pump B1 and B1+B2 dimension is equal to ANSI flanged pumps and weight is approximately 7 lbs. less.
• Available.
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WITH 1/4"TAP
FOR GAUGE/
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PRIMING
PORT (G 1/2)

PLUG (G 1/2)
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2" ANSI 300 lb. R.F.

Pump
type

P2
[hp] Ph. Oval*

ANSI dimensions [inch]
Ship
Wt.

[lbs.]

ANSI dimensions [inch]
Ship
Wt.

[lbs.]B1
TEFC ODP MLE

D1 D2 B1+B2 D1 D2 B1+B2 D1 D2 B1+B2

CRI(E) 10-1 1
1 • 15 20 7.19 5.73 26 39 - - - 106 5.55 5.51 24.18 97

3 • 15 20 5 55 4 57 22 64 - - - 97 7.01 6.57 28.00 119

CRI(E) 10-2 1 1/2
1 • 15 20 7.19 5.73 26 88 - - - 121 - - - -

3 • 15 20 5 55 4 57 23 82 - - - 99 7.01 6.57 28.00 119

CRI 10-3 3
1 • 17.13 8 60 6 87 31.78 - - - 174 - - - -

3 • 17.13 7 01 4 33 30 36 - - - 147 - - - -

CRI(E) 10-4 3
1 • 18 31 8 60 6 87 32 96 - - - 176 - - - -

3 • 18 31 7 01 4 33 31 54 - - - 147 7.01 6.57 31.62 157

CRI 10-5 5
1 • 19.49 10.62 7.46 35 01 - - - 203 - - - -

3 • 19.49 8 66 5 28 35 00 - - - 199 - - - -

CRI(E) 10-6 5
1 • 20 67 10.62 7.46 36.19 - - - 205 - - - -

3 • 20 67 8 66 5 28 36.18 - - - 201 8.66 7.40 36.18 194

CRI 10-7 7 1/2
1 • 22.17 10.22 7 62 37.70 - - - 225 - - - -

3 • 22.17 8 66 5 28 37 68 - - - 212 - - - -

CRI(E) 10-8 7 1/2
1 • 23 35 10.22 7 62 38 88 - - - 227 - - - -

3 • 23 35 8 66 5 28 38 86 - - - 214 8.66 7.40 38.86 229

CRI 10-9 7 1/2
1 • 24 53 10.22 7 62 40 06 - - - 229 - - - -

3 • 24 53 8 66 5 28 40 04 - - - 216 - - - -

CRI(E) 10-10 7 1/2
1 • 25.71 10.22 7 62 41 24 - - - 232 - - - -

3 • 25.71 8 66 5 28 41 22 - - - 218 8.66 7.40 41.22 234

CRI(E) 10-12 10
1 - 28 07 10.23 10.30 44.14 - - - 346 - - - -

3 - 28 07 8 66 5 28 43 58 - - - 225 10.24 8.39 42.99 243

CRI(E) 10-14 15 3 - 32 95 10.22 8 67 49 53 10 62 7.33 49.26 432 - - - -

CRI 10-16 15 3 - 35.31 10.22 8 67 51 89 10 62 7.33 51.62 442 - - - -

CRI 10-17 15 3 - 37.68 10.22 8 67 54 26 10 62 7.33 53.99 447 - - - -

CRI(E) 10



Technical data

45

All dimensions in inches unless otherwise noted.
*PJE flanged pump B1 and B1+B2 dimension is equal to ANSI flanged pumps and weight is approximately 9 lbs. less.
• Available
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WITH 1/4"TAP
FOR GAUGE/
SENSOR

PRIMING
PORT (G 1/2)

DISCHARGE
SUCTION AND
2" Victaulic-type

PLUG (G 1/2)
DRAIN

TM
03

 1
45

9 
22

05

3/4 x 7/8"

ø5
"

11 7/8"

ø6
 1

/2
"

ø4 3/4"
ø2 9/16"

1 
1/

16
"

7 7/8"
5 1/8"

9 3/4"
8 1/2"

4 x ø9/16"

3 
1/

2"

B
1

G 1/2 PLUG
WITH 1/4"TAP
FOR GAUGE/
SENSOR

PRIMING
PORT (G 1/2)

PLUG (G 1/2)
DRAIN

B
2

D2
D1

2" ANSI 300 lb. R.F.

Pump
type

P2
[hp] Ph. PJE*

ANSI dimensions [inch]
Ship
Wt.

[lbs.]

ANSI dimensions [inch]
Ship
Wt.

[lbs.]B1
TEFC ODP MLE

D1 D2 B1+B2 D1 D2 B1+B2 D1 D2 B1+B2

CRN(E) 10-1 1
1 • 15 20 7.19 5.73 26.39 - - - 106 5.55 5.51 24.18 97

3 • 15 20 5 55 4.57 22.64 - - - 97 7.01 6.57 28.00 119

CRN(E) 10-2 1 1/2
1 • 15 20 7.19 5.73 26.88 - - - 121 - - - -

3 • 15 20 5 55 4.57 23.82 - - - 99 7.01 6.57 28.00 119

CRN 10-3 3
1 • 17.13 8 60 6.87 31.78 - - - 176 - - - -

3 • 17.13 7 01 4.33 30.36 - - - 147 - - - -

CRN(E) 10-4 3
1 • 18 31 8 60 6.87 32.96 - - - 176 - - - -

3 • 18 31 7 01 4.33 31.54 - - - 149 7.01 6.57 31.62 157

CRN 10-5 5
1 • 19.49 10.62 7.46 35.01 - - - 203 - - - -

3 • 19.49 8 66 5.28 35.00 - - - 199 - - - -

CRN(E) 10-6 5
1 • 20 67 10.62 7.46 36.19 - - - 205 - - - -

3 • 20 67 8 66 5.28 36.18 - - - 201 8.66 7.40 36.18 194

CRN 10-7 7 1/2
1 • 22.17 10.22 7.62 37.70 - - - 227 - - - -

3 • 22.17 8 66 5.28 37.68 - - - 214 - - - -

CRN(E) 10-8 7 1/2
1 • 23 35 10.22 7.62 38.88 - - - 229 - - - -

3 • 23 35 8 66 5.28 38.86 - - - 216 8.66 7.40 38.86 229

CRN 10-9 7 1/2
1 • 24 53 10.22 7.62 40.06 - - - 232 - - - -

3 • 24 53 8 66 5.28 40.04 - - - 218 - - - -

CRN(E) 10-10 7 1/2
1 • 25.71 10.22 7.62 41.24 - - - 234 - - - -

3 • 25.71 8 66 5.28 41.22 - - - 221 8.66 7.40 41.22 234

CRN(E) 10-12 10
1 • 28 07 10.23 10 30 44.14 - - - 346 - - - -

3 • 28 07 8 66 5.28 43.58 - - - 225 10.24 8.39 42.99 243

CRN(E) 10-14 15 3 • 32 95 10.22 8.67 49.53 10.62 7 33 49.25 432 - - - -

CRN 10-16 15 3 • 35 31 10.22 8.67 51.89 10.62 7 33 51.63 442 - - - -

CRN 10-17 15 3 • 37 68 10.22 8.67 54.26 10.62 7 33 54.00 447 - - - -

CRN(E) 10
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Opus DaytonKnight Consultants Ltd 
210-889 Harbourside Drive 
North Vancouver BC  V7P 3S1 
Canada 
 
t: +1 604 990 4800 
f: +1 604 990 4805 
w: www.opusdaytonknight.com 




