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1. Introduction 

1.1 Scope of Master Plan 
Kerr Wood Leidal Associates Ltd. (KWL) was retained by the City of White Rock (the City) to prepare 
an update to the Water System Master Plan. The water master plan for White Rock was last updated 
in 2017. 

The scope of the 2024 update includes: 

• existing system demand development; 
• future system demand development; 
• hydraulic water model update; 
• system evaluation including water main break history analysis; and 
• recommended upgrades. 

1.2 References 
The following references have been used in the preparation of this report. 

1. Brybil, Process Narrative Oxford Water Treatment Plant, September 2020. 
2. City of White Rock, Official Community Plan, July 2021. 
3. City of White Rock, Open Data Portal, < http://data.whiterockcity.ca/ >. 
4. Coriolis Consulting Corp., Residential and Commercial Development Forecasts as Input to 

White Rock’s Official Community Plan Review, November 18, 2016. 
5. Insurer’s Advisory Organization Inc., Fire Underwriter’s Survey Water Supply for Public Fire 

Protection, 2020. 
6. Kerr Wood Leidal Associates Ltd., 2017 Water System Master Plan Update, October 2017. 
7. Kerr Wood Leidal Associates Ltd., Water Conservation Plan, April 21, 2016. 
8. Kerr Wood Leidal Associates Ltd., Water System Master Plan Update, Final Report, 

December 2010. 
9. Kerr Wood Leidal Associates Ltd., Fraser Health Requirements for Disinfection Implementation, 

Deferral of Secondary Disinfection Implementation, June 2016. 
10. Master Municipal Construction Documents Association, MMCD Design Guidelines, 2022. 
11. Metro Vancouver Regional District, Metro 2050, February 2022. 
12. Prairie Climate Centre, Climate Atlas of Canada, available from https://climateatlas.ca/, accessed 

on August 25, 2023. 
13. SCM Risk Management Services Inc. (Opta Information Intelligence), City of White Rock Fire 

Underwriters Survey, 2018. 
14. Utah State University, Water Main Break Rates in the USA and Canada: A Comprehensive Study, 

March 2018. 
15. Water Research Foundation, Residential End Uses of Water, Version 2, April 2016. 
16. Water Research Foundation, Developing Water Use Metrics for the Commercial and Institutional 

Sectors, October 2019. 

https://climateatlas.ca/
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1.3 Abbreviations 
The following abbreviations have been used throughout the report. 
AC  Asbestos Cement 
BD  Base Demand 
ca  Capita (person) 
CI  Cast Iron 
DI  Ductile Iron 
DWM  Distribution Water Main 
EPS  Extended Period Simulation 
FUS  Fire Underwriters Survey 
GCDWQ Guidelines for Canadian Drinking Water Quality 
ha  Hectare 
HGL  Hydraulic Grade Line 
HZE  High Zone East 
HZW  High Zone West 
ICI  Industrial Commercial and Institutional 
KWL  Kerr Wood Leidal Associates Ltd. 
MDD  Maximum Day Demand 
MF  Multifamily 
ML  Mega Litre (106 L) 
MMCD  Master Municipal Construction Documents 
MV  Metro Vancouver 
NWWBI  National Water and Wastewater Benchmarking Initiative 
OCP  Official Community Plan 
PHD  Peak Hour Demand 
PRV  Pressure Reducing Valve 
PS  Pump Station 
PVC  Polyvinyl Chloride 
RES  Residential 
RFP  Request for Proposals 
RWM  Raw Water Main 
SCADA  Supervisory Control and Data Acquisition 
SD  Seasonal Demand 
SF  Single Family 
TWL  Top Water Level 
TWM  Treated Water Main 
WM  Water Main 
WTP  Water Treatment Plant 
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2. Existing Water Demands 
Water system demands have been broken down into the following components for the purpose of 
this study: 

• Base demand (BD): Typical water usage on an average winter day. BD includes indoor use for 
single family residential (SF-RES), multifamily residential (MF-RES), and industrial commercial and 
institutional (ICI). BD also includes losses due to leakage. 

• Seasonal demand (SD): Irrigation use and other seasonally dependant uses (typically relatively 
small compared to irrigation) on the peak summer day. SD includes irrigation use for SF-RES, 
MF-RES, and ICI. 

The Maximum Day Demand (MDD) is the total peak day demand and is the sum of the base and 
seasonal demand components. 

Note that the City executes a water main flushing program annually, but these flows are not a 
component of BD or SD. 

The existing water demands and the breakdown between the demand components discussed above 
have been estimated using source flow data and customer water meter data. The following table is a 
summary of the existing demands used for this study. The sections below summarize the development 
of the existing water demands. 

Table 2-1: Existing Demand Summary 

Max Day Demand 
MDD = 135.9 L/s 

Base Demand 
BD = 67.5 L/s 

ICI 
BD-ICI = 11.8 L/s 
Single-Family Residential 
BD-SF-RES = 26.9 L/s 
Multi-Family Residential 
BD-MF-RES = 21.3 L/s 
Losses 
LOSS =7.5 L/s 

Seasonal Demand 
SD = 68.4 L/s 

ICI 
SD-ICI =12.5 L/s 
Single-Family Residential 
SD-SF-RES = 40.3 L/s 
Multi-Family Residential 
SD-MF-RES = 15.6 L/s 

2.1 Service Area Population 
In addition to the City of White Rock, the water system also supplies 73 parcels in the City of Surrey. 
Data available from the 2021 census was used to estimate the water system service area population. 
The average population for a single-family home in White Rock is 2.5 ca/unit. The average population 
for multi-family homes is 1.5 ca/unit. 
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The total residential service population for the current White Rock water system is estimated at 22,142 
(21,939 in the City of White Rock, 203 in the City of Surrey). The existing land use in White Rock is 
shown on Figure 2-3. 

2.2 Source Flow Records 
Source flow information for 2018 - 2022 was extracted from the City’s Supervisory Control and Data 
Acquisition (SCADA) system. 

Total system base demands for each year were estimated using the average flow for January, February, 
and March. 

The base day and maximum day demands for 2018 - 2022 were added to the historical record for the 
White Rock water system and are shown on Table 2-1. It is noted that data for 2017 was not available. 

 
Figure 2-1: 2006 to 2022 Maximum Day and Base Day Demand Comparison 

As shown in Table 2-1, the base demand observed in 2022 (67.5 L/s) was one of the highest in recent 
years. However, the seasonal demand component, which is influenced by weather, was lower in 2022 
than in previous years. For the purpose of evaluating the water system, using seasonal demands from a 
representative hot/dry year will provide a conservative yet realistic basis for analysis. The year 2021 had 
the highest seasonal demand component in recent years.  
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A review of the highest 7-day average evapotranspiration (ET) rate for each year was conducted to 
confirm that 2021 is considered a hot/dry year. Average ET values1 for each year in the historical water 
use record is shown on Table 2-2. It can be seen that the ET value observed in 2021 (5.9 mm/day) was 
the highest in the 17-year record. 

Table 2-2: 2006 to 2022 Average Evapotranspiration Rates 

Year 
Additional Seasonal 
Demand on Max Day 

(L/s) 

Max 7-day 
Average ET 
(mm/day) 

Notes 

2006 53.2 4.80  
2007 45.1 4.96  
2008 78.7 4.43  
2009 90.3 5.02  
2010 47.5 4.55  
2011 39.4 4.01  
2012 40.5 4.14  
2013 51.2 4.59  
2014 56.3 4.49  

2015 59.3 5.41 Seasonal demand used in 2017 Water 
Master Plan Analysis 

2016 49.7 4.30  
2017 N/A 4.26  
2018 52.8 5.21  
2019 52.4 4.58  
2020 46 4.66  
2021 68.4 5.85 June 2021 ‘Heat Dome’ Event 
2022 46 4.48  

For the purposes of this study, the BD value observed in 2022 (67.5 L/s) was combined with the SD 
value observed in 2021 (i.e. ‘the Heat Dome’, 68.4 L/s) to obtain a total design existing MDD of 
135.9 L/s. 

2.3 Base Demand Unit Rates 
The City’s water meter data collected in winter months was used to calculate average base demand unit 
rates for existing land use types. 

All of the City’s water services are metered. Meter data provided by the City for 2022 indicates that there 
is a total of 4,539 water service meters. The water meters in the City’s database are classified as single-
family, multi-family, or ICI (includes City, Commercial, and Institutional meter types), and are read four 

 
1 Average ET values for White Rock obtained from Environment Canada’s Farmwest website <http://farmwest.com/climate/et> 
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times per year. The City’s meter database also includes the number of multi-family units associated with 
each multi-family water meter. 

Average base demand unit rates for single-family residential parcels and multi-family residential units 
were calculated using water meter data with 2021 census populations. The calculated rates were 
193 L/ca/day and 186 L/ca/day for single-family and multi-family, respectively. 

A selection of ICI meters was assigned to parcels to develop an ICI base demand unit rate. An average 
rate of 1.40 L/m2 parcel area/day was calculated for existing ICI parcels. 

Water meter records for the Semiahmoo First Nation and Peace Arch Hospital were reviewed 
individually. The 2022 water meter records indicate that the base demands were 0.1 L/s and 3.0 L/s for 
Semiahmoo First Nation and Peace Arch Hospital, respectively. 

2.4 Water System Losses 
The water system loss estimate was based on the observed night flow and theoretical legitimate night 
usage estimate completed as part of the 2017 Water System Master Plan Update. 

The loss component calculated previously (7.5 L/s) was verified by comparing the increase in base 
demands observed in 2022 (67.5 L/s) to the observed rate in 2016 (64.8 L/s). There has been 
significant growth in White Rock since 2016 (estimated 1,961 additional service population). The 2.7 L/s 
increase can be justified by the increase in population and therefore losses are not expected to have 
increased substantially since 2016. 

2.5 Seasonal Demands 
The distribution of the seasonal demand for the system was determined by examining the July, August 
and September meter readings from the 2022 meter data. Single-family meters accounted for 59% of 
the metered seasonal demand, multi-family meters accounted for 23%, and ICI meters (includes City, 
Commercial, and Institutional meter types) accounted for 18%. 

2.6 Diurnal Demand Patterns 
Diurnal patterns are assigned to each demand component to estimate peak hour demands. A separate 
demand pattern is assigned to each demand type (BD-RES, BD-ICI, and SD). The losses demand 
pattern (LOSSES) is assumed to be consistent throughout a 24-hour period. 

The diurnal patterns developed for 2017 Water System Master Study were applied to the demands and 
are illustrated in Figure 2-2. below. 
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Figure 2-2: Modelled Diurnal Demand Patterns 

2.7 Base Demand Unit Rate Comparison 
The residential base demand rate calculated for this study (193 L/ca/day for single-family and 
186 L/ca/day for multi-family) was compared against other observed rates. Residential base demand 
rates calculated by KWL for other local jurisdictions are: 

• City of Richmond – 185 L/ca/day (2022); 
• City of Surrey – 200 L/ca/day (2019); 
• District of Oak Bay – 180 L/ca/day (2018); 
• District of Sparwood – 190 L/ca/day (2018); 
• District of Saanich – 200 L/ca/day (2017); 
• Town of Sidney – 172 L/ca/day (2014); and 
• French Creek – 170 L/ca/day (2013). 

Also note that the rates calculated in previous White Rock master plans were 233 L/ca/day, 
202 L/ca/day, and 195 L/ca/day for 2010, 2013, and 2017 respectively. 

As shown above the residential base demand rates for other local jurisdictions range from 170 - 200 L/s 
and the existing average residential base demand per capita rate of 190 L/ca/day calculated for White 
Rock is also within this range. The base demand rate for White Rock has declined by 18% since 2010. 
Reduction in the base demand rate is attributed to increasing use of low flow fixtures and improved 
efficiency in new construction and growing awareness of water conservation benefits. 
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3. Future Water Demands 
A future 2050 demand scenario was developed using population growth and employment projections 
from Metro Vancouver. The growth was distributed according to the Land Use Plan and Development 
Permit Areas developed for the White Rock 2021 Official Community Plan (OCP). 

The following table is a summary of the future demands used for this study. The sections below 
summarize the development of the future water demands. 

Table 3-1: Future Demand Summary 

Max Day Demand 
MDD = 152.5 L/s 

Base Demand 
BD = 78.6 L/s 

ICI 
BD-ICI = 13.3 L/s 
Single-Family Residential 
BD-SF-RES = 29.5 L/s 
Multi-Family Residential 
BD-MF-RES = 28.3 L/s 
Losses 
LOSS =7.5 L/s 

Seasonal Demand 
SD = 73.9 L/s 

ICI 
SD-ICI =13.5 L/s 
Single-Family Residential 
SD-SF-RES = 43.6 L/s 
Multi-Family Residential 
SD-MF-RES = 16.8 L/s 

3.1 Growth Projections and Future Land Use 
The projected year 2050 population and ICI growth has been estimated using the information provided 
in the Metro 2050 regional planning document. It is noted that the Metro 2050 projections are in line with 
the projections from the City of White Rock 2021 OCP, but the information from Metro extends to the 
year 2050, while the design horizon considered in the OCP is 2045. 

The year 2050 population estimate for White Rock is 27,870. This is the Mid-Range growth (+/- 15% 
range). This is a 570 or 2.1% increase beyond the 2045 growth projection used for the 2017 Master Plan. 

The OCP includes projected increases to ICI floor area of up to 320,000 ft2 to the year 2045. To account 
for the increase to the year 2050 (i.e. the horizon for this study), the ICI demand was increased by 
2.1%, mirroring the projected increase in population growth. 

The population and ICI increases have been distributed throughout the system using the City’s Future 
Land Use Map. This map is shown in Figure 3-1. Each future land use area is described in the OCP 
document, including information about allowable densities. A summary of the distribution of additional 
population and ICI floor area to each future land use area is included in Table 3-2. 

The OCP does not discuss an increase in population in the Mature Neighbourhood area (i.e. single 
family residential). A report completed by Coriolis in 2016 indicated that there are an average of 58 new 
single-family housing starts in White Rock, and two thirds of the new houses have secondary suites. 
This single-family home redevelopment frequency has continued in White Rock though 2024; assuming 
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this trend continues, a portion of the projected growth (approx. 1,601) has been allocated to the Mature 
Neighbourhood area to account for construction of secondary suits and coach houses. 

No growth has been attributed to the Semiahmoo First Nation or City of Surrey lots included in the White 
Rock service area. 

Table 3-2: Summary of Population and ICI Growth Allocated to Future Land Use Areas 

Future Land Use Area 
Total 
Area 
(ha) 

Allowable 
Development 

Density 
(FAR) 

Additional 
Population 

Added 

% of Total 
Population 

Growth 

Additional 
ICI Floor 

Area Added 
(m2) 

% of Total 
ICI Growth 

Town Centre  11  3.75 1,186 20.0% 8,498 28.0% 
Town Centre Transition  22  2 1,186 20.0% 8,498 28.0% 
Lower Town Centre  6  2.4 415 7.0% 3,035 10.0% 
Waterfront Village  7  1.75 356 6.0% 3,338 11.0% 
Urban Neighbourhood  24  1.5 949 16.0% 5,766 19.0% 
East Side Large Lot  3  2.5 178 3.0% 910 3.0% 
North Bluff East  1  1 59 1.0% - - 
Neighbourhood 
Commercial  1  1 - 0.0% 303 1.0% 

Mature Neighbourhood 
Infill  235   1,601 27.0% - - 

Institutional  18   - - - - 
Open Space & 
Recreation  26   - - - - 

City of Surrey Lots  12       
Total  368   5,931  30,350  

3.2 Future Base Demand Unit Rates 
A residential base demand unit rate of 193 L/ca/day for single family residential, 186 L/ca/day for multi 
family residential, and an ICI rate of 1.40 L/m2 parcel area/day was calculated for the existing system as 
discussed in Section 2. Using existing ICI floor area data available in the OCP (about 72,500 m2), the 
ICI base demand rate roughly equates to 2.9 m3/m2 floor area/year. 

While these base demand rates are considered reasonable for existing construction and compare well 
with rates observed in other municipalities, lower rates have been selected for future growth to reflect 
new construction standards that include water efficient fixtures and appliances. 

A residential base demand rate of 140 L/ca/day has been applied to additional population growth based 
on information available from the Water Research Foundation’s Residential End Uses of Water 2016 
study for newly constructed homes. 

An ICI base demand rate of 1.6 m3/m2 floor area/year has been applied to additional ICI floor area 
growth based on information available from the Water Research Foundation’s study on Development of 
Water Use Metrics for the Commercial and Institutional Sectors in 2019. 
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Applying these unit rates to the growth projections yields a total base demand of 78.6 L/s for the future 
demand scenario. 

3.3 Future Water System Losses 
The water system loss estimate for the existing system is 7.5 L/s as discussed in Section 2. 

The magnitude of water losses in a system is a function of the size and age of the system and the rate 
of infrastructure renewal. The water service area in White Rock is not expected to increase. 
Furthermore, although the water mains are ageing, water main replacement and ongoing leak 
management activities can be expected to limit increases in losses. Therefore, the existing water loss 
estimate (7.5 L/s) has been used as an estimate of future losses. 

3.4 Future Seasonal Demand 
The seasonal demand estimate for the existing system is 68.4 L/s as discussed in Section 2. 

The water service area in White Rock is not expected to increase therefore it has been assumed that 
irrigated area will not increase. It has also been assumed that White Rock will continue to issue watering 
restrictions when necessary – the seasonal demand is considered to be consistent with what can be 
expected under Stage 2 watering restrictions. 

To account for potential climate change impacts (potential for higher temperatures and extended 
drought periods which require greater irrigation) a hot summer demand extrapolation was used. Current 
climate change models indicate that by 2050, the number of days above 30°C could increase to 
7.5 consecutive days. For reference, the June 2021 “heat dome” event resulted in four consecutive days 
with daily highs greater than 30 °C. Using 2018 - 2022 data available for White Rock, the maximum 
summer demands were plotted versus observed temperatures; extrapolating for temperature predictions 
from the Climate Atlas of Canada climate model for the Vancouver Region, the estimated increase 
related to climate change is 1.08 times the current observed values; this translates to a total seasonal 
demand estimate of 73.9 L/s for the 2050 scenario. 
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4. Water Model Update 

4.1 Water System Overview 
The White Rock water system supplies a population of approximately 22,000 residents as well as a 
small portion of Surrey (located on North Bluff Avenue and Bergstrom Road) and the Semiahmoo First 
Nation. The major facilities in the water distribution system include: 

• Seven groundwater wells; 
• Oxford Water Treatment Plant (WTP); 
• Oxford Reservoirs and Booster Pump Station; 
• Merklin Reservoirs and Booster Pump Station; 
• Roper Reservoir and PRV Station; 
• Stevens Street PRV Station; and 
• Johnston Road PRV Station. 

The water service area is divided into the High-Pressure Zone (nominally 142 m HGL) and the Low-
Pressure Zone (nominally 101 m HGL). 

The existing water system network is shown on Figure 4-1. 

4.2 Water Model Update 
A hydraulic water model of the White Rock water system has been created using Bentley’s WaterCAD 
software (CONNECT Edition). The file version used in the analysis for this report is WR_v70.wtg.  

Prior to this study, the last significant update was completed in October 2017. Water model updates 
completed for this report are summarized in Table 4-1. 

Table 4-1: Model Update Summary 

Update Description 
Project 

Completion 
Date 

Oxford WTP, including: 
• Raw water mains from Wells 4, 6 and 7 to Oxford WTP. 
• Treated water main from Oxford WTP to Oxford and Merklin reservoirs. 

2018 

Saturna Dr. Water Main Update, Archibald Rd. to High St., 200 mm dia. PVC. 2018 
Archibald Rd. Water Main Upgrade, North Bluff Rd. to Mann Park Cres., 200 mm dia. 
PVC. 2018 

Marine Dr. Water Main Upgrade, Bergstrom Rd. to Nichol Rd., 200 mm dia. PVC. 2018 
Magdalen Cres. Water Main Upgrade, Marine Dr. to Sunset Dr., 150 mm dia. PVC. 2018 
Johnston Rd. Water Main Upgrade, North Bluff Rd. to Russell Ave., 250 mm dia. PVC. 2018 
Johnston Rd. Water Main Extension to Royal Ave, 150 mm dia. DI. 2019 
Victoria Ave. Watermain Upgrade at Vidal Ave., 150 mm dia. DI. 2019 
Marine Dr. Water Main Upgrade, Vidal Ave. to Martin St., 250 mm dia. PVC. 2019 
15100 Block Marine Dr., between hydrants 35 and 201, 200 mm dia. HDPE. 2019 
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Update Description 
Project 

Completion 
Date 

Nichol Rd. Water Main Upgrade, Connection to North Bluff Rd., 200 mm dia. PVC. 2019 
Roper Reservoir Supply Upgrade. 2019 
Buena Vista Ave. Water Main Upgrades, Centre St. to Best St., 200 mm dia. PVC. 2019 
Brearley St. Loop to North Bluff Rd. to Hydrant #157, 150 mm dia. PVC. 2020 
Chestnut St. Water Main Upgrade, North Bluff Rd. to Blackburn Ln., 150 mm dia. DI. 2021 
Stevens St. Water Main Upgrade, North Bluff Rd. to Russell Ave., 150 mm dia. DI. 2021 
Prospect Ave. & Oxford St. Connection Upgrade, 200 mm dia. DI. 2021 
Pacific Ave. & Dolphin St. Connection Upgrade, 150 mm dia. DI. 2021 
George St. Water Main Upgrade, 250 mm dia. PRV, North Bluff Rd. to 1554 George St. 2022 
North Bluff Rd. Water Main Upgrade, Johnston Rd. to George St., 300 mm. dia. PVC. 2022 
Phoenix St. & Malabar Ave. Connection Upgrade, 150 mm dia. DI. 2022 
Finlay St. Water Main Upgrade, 1526 Finlay St. to Russell Ave., 250 mm dia. PVC. 2022 
Russell Ave. Water Main Upgrade, Finlay St. to Maple St., 250 mm dia. PVC, 2023 
Johnston Rd. Water Main Upgrade, Russell Ave. to Thrift Ave., 250 mm dia. DI. 2024 

Well #5 - adjacent to Anderson Street in Centennial Park. 2024 
(anticipated) 

4.3 Control Settings 

The existing hydraulic controls are used in the water model are summarized in Table 4-2. 

Table 4-2: System Controls and Modelling 
Facility Description System Controls/Setpoints 

Oxford WTP 
Removal of naturally occurring 
manganese and arsenic and 
primary disinfection 

174 L/s maximum capacity. 
Operates to keep the Oxford and Merklin 
Reservoirs at 60-98% full. 
Currently, SCADA is set such that a 
maximum of 75 L/s can be directed to the 
Merklin Reservoir; however, this has not 
been incorporated into the modelling 
analysis as per direction of the City 1 

Merklin Booster PS 2 duty pumps and 2 fire pumps Set at 141.5 m HGL (320 kPa) 2 
Oxford Booster PS 4 duty pumps on VFDs Set at 141.7 m HGL (525 kPa) 2 

Groundwater Wells (Wells 
1, 2, 3, 4, 5, 6, 7, 8) 

Individual groundwater wells, 
pump to Oxford WTP via. Raw 
Water Supply System 

Highest capacity well (Well #5) set to off. 
All other wells turn on as required to 
maintain 60-98% level in Oxford and 
Merklin reservoirs. 

Roper PRV (63 mm) 63 mm PRV Normally closed. 
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Facility Description System Controls/Setpoints 

Roper PRV (150 mm) 150 mm PRV 

102 m HGL, fills Roper Reservoir 
between 11 PM and 5 AM (to 95%). 
Between 5 AM and 11 PM, opens to keep 
Roper 70-75% full. 

Johnston PRV Station 150 mm PRV Set at 98.5 m HGL (183 kPa). 
Stevens St. PRV Station 150 mm PRV Set at 97.2 m HGL (376 kPa) 
Notes: 
1. Information provided by Ahmed Hasan, March 21, 2024. As per direction provided by the City, modelling work has assumed 

this set point can be adjusted/increased. 
2. Operational set points provided by Ahmed Hasan, October 12, 2023. 

4.4 Water Main Inventory 
The size and material type of the existing water mains in the distribution system in the water model are 
summarized in Table 4-3. 

Table 4-3: Inventory of Distribution System Water Mains (Lengths in m) 
Nominal 
Diameter 

(mm) 
Cast Iron Ductile 

Iron HDPE PVC Unknown Total Percent of 
Total 

25, 50 27 518  184 81 810  1% 
100 7,999 2,231  45 10 10,285  13% 
150 6,745 27,197  514 254 34,710  45% 
200 6,485 15,075 91 1,376 91 23,118  30% 
250 1,104 3,817  878  5,799  8% 
300 27 1,930  116 81 2,046  3% 

Total 22,360 50,768 91 3,113 436 76,768  
Percent of 

Total 29% 66% 0.1% 4% 1%   
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5. Water Model Validation 

5.1 Source Data 
The City provided SCADA data at eight pressure monitoring locations in the water system for June, July, 
and August 2021. The data for one second intervals was provided and was then averaged over one-
hour intervals. 

Plots showing the June, July, August 2021 pressure monitoring data is included in Appendix A. 

5.2 Model Setup 
The maximum day demand observed in recent record occurred on June 28, 2021. The following dates 
were chosen for model validation: 

• Maximum observed pressure on June 28, 2021 to compare to modelled max day static conditions 
(i.e. low flow conditions). 

• Minimum observed pressure on June 28, 2021 to compare to modelled max day peak hour 
conditions (i.e. lowest pressure observed on max day). 

All model updates described in Section 2 are included in the model validation scenarios. 

5.3 Validation Results and Discussion 
The model validation results for each of the eight pressure monitoring sites is presented in the table 
below. There is generally good agreement when results are compared (i.e., less than 3.5 m or 5 psi 
difference). Locations where the difference between modelled and measured HGL is greater than 3.5 m 
are highlighted and discussed more below. 

Table 5-1: Model Validation Summary 
Logger 

ID/ 
Hydrant 

ID 

Location Pressure 
Zone 

Max Day Maximum HGL 
(m) 

Max Day Minimum HGL 
(m) 

Field Model Difference Field Model Difference 

1/346 Johnston PRV High 143.6 142.1 1.5 140.9 140.4 0.4 
2/303 Beachview/Foster Low 101.7 100.4 1.4 100.3 98.5 1.8 
3/131 Blackburn/Bergstrom High 143.5 142.3 1.2 138.9 139.1 -0.2 
4/20 Archibald/Mann Park High 142.3 142.3 0.0 138.4 139.4 -1.0 
5/311 Buena Vista/Oxford Low 107.4 100.3 7.1 105.7 98.4 7.4 
6/330 Oxenham/Finlay High 144.5 142.1 2.5 141.9 140.4 1.5 
7/310 North Bluff/Stayte High 138.5 142.0 -3.6 135.8 140.3 -4.5 
8/100 Columbia/Stayte Low 99.4 100.2 -0.8 97.0 97.2 -0.2 
Notes: 
1. June 28, 2021 data for Logger 3/Hydrant 131 was not available. Used data for June 27, 2021. 
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Logger 5 is located on Hydrant 311 on Buena Vista Avenue and Oxford Street in the Low-Pressure 
Zone. The comparison indicates the field measurements for both maximum and minimum demands are 
higher than the model results by upwards of 7 m or 10 psi. Further to this, the calculated HGL for the 
field results is 106 - 107 m, which is higher than theoretically possible for the Low-Pressure Zone (Roper 
Reservoir top water level is 100 m HGL). Possible reasons for the discrepancy include: 

• Zone valve cracked open slightly in the vicinity, allowing high pressure supply to come into the area. 
Noted that the other loggers in the Low-Pressure Zone (IDs 2 and 8) are in line with model results 
and in line with the expected HGLs for the Low Zone. 

• Logger error resulting in erroneous values. Noted that the values for this logger are consistently in 
the same range for the data provided (144 - 147 psi / 106 - 107 m HGL). 

It is recommended that the City confirm all zone valves in the vicinity of Logger 5 are completely closed. 

Logger 7 is located on Hydrant 310 on Stayte Road between North Bluff Road and Russell Avenue. The 
comparison indicates that field measurements for both maximum and minimum demands are 3.5 m to 
4.5 m (5 - 7 psi) lower than the model results. It is noted that the discrepancy is consistent between the 
min and max values and is close to the targeted agreement threshold range (within 5 psi). 

Given that the offset is consistent between both the maximum and minimum pressure values, the 
comparison for Logger 7 is considered acceptable and provides confidence that the model is accurately 
predicting head loss during maximum day demand conditions. 
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6. Design Criteria 
Design criteria used for system evaluation are primarily from the MMCD Design Guidelines (2022). 

6.1 Minimum Pipe Diameter 
The minimum recommended pipe diameter is 200 mm. For looped distribution systems with lengths less 
than 500 m in residential subdivisions, the dimeter can be reduced to 150 mm diameter provided fire 
flows are met. 

6.2 Pressure 
The required system water pressures are summarized in the following table. 

Table 6-1: Pressure Design Criteria 

Description Required Pressure 
(kPa (psi)) 

Maximum pressure 1,035 (150) (1) 
Minimum pressure at peak hour demand 300 (43.5) 
Minimum pressure coinciding with fire flow and MDD 150 (21.8) 
1. MMCD allows for either a max. allowable of 850 kPa (125 psi) or 1,035 kPa (150 psi). The current White 

Rock system pressure zoning results in static pressures up to 1,100 kPa. Reducing pressures to 850 kPa 
would require extensive capital works for minor benefit accordingly the higher criteria was selected. 

6.3 Required Fire Flows and Storage 
Table 6-2 shows the minimum required fire flows from the 2018 Fire Underwriters Survey (FUS) report 
for White Rock, 2022 MMCD Design Guidelines, 2020 FUS Water Supply for Public Fire Protection 
Guidelines, and the required fire flows used for this report which have been developed based on these 
three documents. 
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Table 6-2: Fire Flow Design Criteria 
Type of 

Construction/Dwelling Area(s) Required Fire 
Flow (L/s) 

Fire Storage 
(ML) 

2018 FUS Report for White Rock 
Commercial and Multi-Family 
Residential Town Centre Area 212 L/s 

(2,800 Igpm) 1.98 ML (2.6 hr) 

Single-Family Residential West of Oxford Street and East of 
Town Centre 

60 L/s 
(800 Igpm) 0.32 ML (1.5 hr) 

2022 MMCD Design Guidelines/FUS Storage 
Institutional/Commercial N/A 150 L/s 1.08 ML (2.0 hr) 
Apartments/Townhouses N/A 90 L/s 0.60 ML (1.85 hr) 
Single-Family Residential N/A 60 L/s 0.32 ML (1.5 hr) 

FUS Water Supply for Public Fire Protection Guidelines 

Single-Family Residential N/A 67 L/s  
(4,000 L/min) 0.36 ML (1.5 hr) 

Used for Evaluation in this Study 

High Density Commercial and 
Multi-Family Residential 

Town Centre, Town Centre 
Transition, Lower Town Centre, 
North Bluff East 

212 L/s 1.98 ML (2.6 hr) 

Institutional, Commercial, and 
Multi-Family 

Institutional, Waterfront Village, 
Lower Town Centre, and East 
Side Large Lot Areas 

150 L/s 1.08 ML (2.0 hr) 

Lower Density Commercial 
and Multi-Family 

Urban Neighbourhood, 
Neighbourhood Commercial, and 
Open Space & Recreation Areas 

120 L/s 0.86 ML (2.0 hr) 

Single-Family Residential Mature Neighbourhood Area 67 L/s 0.36 ML (1.5 hr) 

It is noted that the selection of fire flow requirements is the responsibility of the City. Different 
jurisdictions set their own criteria or select standards of protection according to their specific 
circumstances. In British Columbia, it is common for municipalities to use MMCD Design Guidelines or 
allow for an alternate fire flow requirement (such as FUS) if detailed information is available or an area 
specific study has been conducted. 

The 2018 FUS report breaks the City into broad fire service areas. The Town Centre area is rated at 
212 L/s whereas the remainder of the City is rated at 60 L/s (single-family residential requirement). The 
FUS report does not consider specific higher fire flow requirements outside the town centre (such as for 
institutional, commercial, or multi-family developments). 

For this study, for the areas outside of the Town Centre Area, values consistent with MMCD guidelines 
were assigned to the future land use areas shown on Figure 3-1. The required fire flow used for system 
evaluation is shown on Figure 7-3. 

Fire flow requirements for new developments should still be verified with the City of White Rock 
during the development water servicing review process. 
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It is noted that both the High-Pressure Zone and Low-Pressure Zone have areas within the Town 
Centre area so a maximum required fire flow of 212 L/s and fire storage requirement of 1.98 ML applies 
to both zones. 

A fire event occurred on May 15, 2016 in the Town Center area. The fire started at a building under 
construction at 15219 Royal Avenue and subsequently spread to a neighboring mixed commercial/multi-
family residential building at 15210 Pacific Avenue. Fire flows used by the fire department during the 
event were in excess of the design criteria. This event illustrated the usefulness of having fire flow 
capabilities in excess of the minimums noted above. It is noted that fire flows during the 2016 event 
were further supplemented by use of the City’s emergency connections to Surrey’s water system. 

Since the 2016 fire event, the following improvements have been included in the water system: 

• 1.2 ML of additional storage was constructed at the Merklin Site. At a flow rate of 153 L/s (average 
fire flow rate observed in 2016 fire event), this equates to an additional 2.1 hours of firefighting 
capacity in the White Rock System. 

• Improvements made to pressure monitoring and system operations capabilities, providing more 
information and allowing the crews to respond more efficiently. 

• Improvements made to one of the City of Surrey emergency connections located at Best St and 
North Bluff Road, including flush ports and gate valves. 

• Improvements made to the Roper Reservoir inlet/outlet piping to allow storage to be utilized from 
hydrants in the Low Pressure Zone. 
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7. Analysis 

7.1 Groundwater Well Supply Capacity 
The supply capacity of the groundwater wells in the system is summarized in Table 7-1 below. 

Table 7-1: Supply Capacity of Groundwater Wells 
Well Number Location Capacity (1) (L/s) 

Well 1 Oxford Site 22.0 
Well 2 Oxford Site 15.0 
Well 3 Oxford Site 22.0 
Well 4 High Street 17.1 
Well 5 Centennial Park Anderson Site (2) 34.2 
Well 6 Merklin Site 21.2 
Well 7 Merklin Site 24.6 
Well 8 Oxford Site 17.5 
Total: 173.6 
Total with Largest Well Out of Service: 139.4 
Sufficient Capacity for Existing Conditions (MDD = 135.9 L/s) Yes 
Sufficient Capacity for Future Conditions (2050 MDD = 152.5 L/s) No 
Notes: 
1. Capacity from WTP FULL TEST RUN.xlsx provided by the City of White Rock on February 22, 2024. 
2. Well 5 is currently under construction. It is expected to be completed in fall 2024 with a capacity of 34.2 L/s. 

The City is currently developing an additional well source (Well 5, adjacent to Anderson Street in 
Centennial Park). The capacity of this well source is expected to be 34.2 L/s. Completion of Anderson 
Street Well 5 is included in the recommended project list (See Project ID 01 on Table 8-4). 

As shown in the table, with Well 5 the current groundwater wells have sufficient capacity (i.e. with the 
largest well out of service) to supply existing MDD conditions (135.9 L/s). Under future MDD conditions 
(152.5 L/s), the capacity is not sufficient. An additional 13.1 L/s is required for future conditions. 

Recent redevelopment work with Well 3 shows that, due to its condition, it needs replacement rather 
than continued redevelopment. Initial hydrogeological studies show that the location for the replacement 
Well (Well 9) could be in the vicinity of Centennial Park. The capacity of this new well should be at least 
equal to 35.1 L/s: the capacity of Well 3 (22 L/s) plus the estimated shortfall (13.1 L/s) to provide 
sufficient supply for future conditions. See Project ID 05 on Table 8-4. 

While White Rock’s system does have emergency connections to the City of Surrey’s water system the 
use of these connections has not been included in source capacity calculations. Using these 
connections cannot be considered as the current agreement with the City of Surrey is for emergency 
use only. Regular use of these connections to meet peak demands is not part of the use agreement 
established with the City of Surrey. 

The base demand in White Rock is steadily increasing due to growth, as expected. The seasonal 
demand was significantly higher in 2021 (i.e. ‘the Heat Dome); a 15% increase relative to 2015, the 
previous high seasonal demand year was observed in 2021. As discussed in Section 3.4, an 8% 
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increase to the future seasonal demand scenario has been included to account for climate change and 
future ‘Heat Dome’ events. 

Demand side management practices encourage customers to modify their level and pattern of use; this 
is another method utilized by water purveyors to manage increasing water use trends. The City’s water 
conservation plan was completed in 2016 and it is recommended that the plan be updated 
approximately every 5 years. A water conservation plan update study focusing on decreasing peak 
usage to alleviate stress on the system during hot/dry summers is recommended. 

7.2 Storage Capacity 
There are three reservoir sites in the White Rock system, described in the following table. 

Table 7-2: Reservoir Summary 

Site Pressure 
Zone Description 

Total 
Volume 

(ML) 
Operation 

Oxford High 1. Two cell, rectangular, concrete 
reservoir, constructed in 2015. 

1.95 • Filled by WTP. 
• Water pumped from 

reservoir to distribution via. 
Oxford Pump Station. 

Merklin High 1. Two cell, rectangular concrete 
reservoir, constructed in 2016. 

2. Circular, concrete reservoir, 
constructed in 1989. 

2.80 • Filled by WTP. 
• Water pumped from 

reservoirs to distribution via. 
Merklin Pump Station. 

Roper Low 1. Circular, concrete reservoir, 
constructed in 1989. 

1.14 • Filled via. Roper PRV. 
• Discharges directly to Low 

Pressure Zone. 
Total    5.89  

The total storage capacity requirement for the system is calculated as the sum of the balancing, fire and 
emergency storage components, and is shown in Table 7-3. The High-Pressure Zone cannot access 
storage located in Roper Reservoir, while the Low Zone can access water stored at all three reservoir 
sites. Therefore, the analysis considers the high and low zones separately. 

MMCD Design Guidelines indicate that balancing storage is calculated based on 25% of maximum day 
demands. However, where the reservoir is servicing an existing area (with known water demands) the 
balancing storage volume can alternately be calculated based on measured demand patterns during 
maximum day demand periods. MMCD also indicates that the value should not be less than 12.5% of 
maximum day demand. 

The requirement for balancing storage for this study (16% of MDD) is based on analysis of peak hour 
usage completed as part of previous master plans. This value was confirmed by reviewing 5 min interval 
peak summer demand data for 2020-2023. The observed peak day balancing volume in the past four 
years is 8-12% of the maximum day demand (see Appendix B). 16% of MDD for balancing storage 
volume was maintained in this analysis to allow for volume needed for system operation. 
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Table 7-3: Balancing Storage Required Versus Available 
Available Storage  High Zone Low Zone 
 Merklin Reservoirs 2.80 ML 2.80 ML 

 Oxford Reservoir 1.95 ML 1.95 ML 
Roper Reservoir (Low Zone Only) 0 ML 1.14 ML  

Total Available  4.75 ML 5.89 ML 
Existing System Storage Requirement High Zone Low Zone 
Required Balancing Storage (16% of MDD):  1.49 ML 0.39 ML 
Required Fire Storage (212 L/s for 2.6 hours): 1.98 ML 1.98 ML 
Required Emergency Storage (25% of Balancing + Fire): 0.87 ML 0.19 ML 
Total Required  4.34 ML 2.56 ML 
Sufficient Capacity for Existing Conditions Yes Yes 
Future System Storage Requirement High Zone Low Zone 
Required Balancing Storage (16% of MDD):  1.68 ML 0.43 ML 
Required Fire Storage (212 L/s for 2.6 hours): 1.98 ML 1.98 ML 
Required Emergency Storage (25% of Balancing + Fire): 0.92 ML 0.60 ML 
Total Required  4.58 ML 3.02 ML 
Sufficient Capacity for Future Conditions Yes Yes 

Based on the assessment, adequate balancing storage is provided by the current system for the 
forecast future demands. 

Further review of 5 min interval reservoir levels during peak summer periods for 2020-2023 indicates 
actual reservoir volumes in the High Zone were below the volume reserved for fire plus emergency 
storage (2.85 ML) in 2021 (June 27 and 28) and 2023 (July 8 and 9). These events are illustrated in the 
plots included in Appendix B. The volume level decreased as low as 2.58 ML on June 27, 2021. 

Given the balancing storage volume observed only amounted to 1.2 ML, the available storage volume 
should be sufficient without using volume reserved for emergency and fire conditions according to our 
calculations. Therefore, the following operational adjustments are recommended for the City to review 
and implement: 

• Calibrate / verify pressure transducer readings (% full) are accurate based on actual levels. 

• Adjust operation so that the full capacity of the reservoirs is utilized. Review of the available 
reservoir data in Appendix B suggests that approximately 0.5 ML of storage is not utilized (tanks are 
not completely filled). 

• Review and adjust the fill setting for the Merklin reservoirs. As discussed in Section 4.3, the 
maximum fill rate for the Merklin reservoirs (combined) is 75 L/s as per the SCADA programming at 
the WTP. While this should not impact the current operation (where Oxford and Merklin combine to 
supply the High Zone), this will have an impact on the ability to provide adequate service when the 
Everall PRV (Project ID 04) is implemented and the Oxford supply HGL is lowered. The City has 
indicated that this setting will be reviewed/adjusted. If the 75 L/s setting cannot be adjusted, or only 
marginally increased, it is recommended that the Everall PRV project be re-examined. 

• Ensure well supply capacity is adjusted daily to meet the average day demand requirement. It is 
noted that on June 27, 2021, the available well capacity was less than then average day demand 
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(128 L/s available vs. 133 L/s). Completion of Well #5 and development of a new well are 
recommended as high priority projects to ensure the available well supply can meet existing and 
future maximum day demands, as discussed in Section 7.1. A demand side management study is 
also recommended to promote water conservation (See project ID 06 on Table 8-4). 

7.3 System Pressure 
Figure 7-1 and Figure 7-2 show peak hour pressure under existing and future demand conditions, 
respectively. 

Modelling indicates that there are low pressure deficiencies (< 300 kPa/44 psi) at the following locations: 

• Top of the High-Pressure Zone in the vicinity of North Bluff Road between George Street and 
Merklin Street, near the Merklin Booster Station: Minimum pressures in this area are 41 psi. The 
pressures are governed by the discharge pressure setpoint at the Merklin Booster Pump Station 
(currently 320 kPa or 141.5 m HGL). To provide adequate pressures a slightly higher discharge 
setpoint is required (350 kPa or 145 m HGL). 

• Top of the Low-Pressure Zone in the vicinity of Beachview Avenue and Johnston Road: Minimum 
pressures in this area are 27 psi. This area is serviced by a parallel watermain located in the High-
pressure zone. 

• On Royal Lane between Johnston Road and Dolphin Street in the Low-Pressure Zone. The 
elevation in this area is 69 m GD. The low pressures in this area are due to the normal operating 
levels in the Roper Reservoir (kept at approx. 70% full during the day, or 99 m HGL). As a result, 
the minimum pressure in this area is marginally below the criteria (41 psi vs. 43.5 psi). 

Pressures in excess of the maximum pressure limit (1,035 kPa/150 psi) are located at the bottom of the 
High-Pressure Zone (West) near Marine Drive and Magdalen Crescent. Maximum pressures are 
experienced at the zone boundary on Marine Drive and Magdalen Crescent (160 psi) and Marine Drive 
and High Street (184 psi). Reduction in the High Zone West pressures by 10 m HGL or 14 psi is 
expected to address this deficiency except for a very short section of main on High Street north of 
Marine Drive (at the bottom of a steep hill at the zone boundary). 

Splitting the existing High-Pressure Zone into a 145 m High Zone East (supplied by Merklin Pump 
Station) and a 135 m High Zone East (supplied by Oxford Pump Station) is recommended to address 
the observed high and low pressures. 

The proposed pressure zone split would require: 

• A new zone boundary on Thrift Avenue (no cost assuming existing valve is in adequate condition). 

• A new Everall Street PRV and check valve station. A 200 mm diameter PRV and check valve are 
recommended to provide supply resiliency in emergency supply conditions. See Project ID 04. 

7.4 Available Fire Flow 
Figure 7-3 and Figure 7-4 show available fire flow results under existing and future demand conditions, 
respectively. Modelling indicates that the available fire flow does not meet the requirements at the 
following locations. 
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Table 7-4: Fire Flow Analysis Summary 

Zone Location 
Fire Flow (L/s) 

Discussion 
Required 

Available 
Existing Future 

High 
West 

North Bluff Rd. & 
Oxford St. 212 196 193 

Constrained by 200 mm dia. CI 
pipes supplying the location. See 
Project IDs 07 and 10. 

High 
East 

Martin St., North Bluff 
Rd. to Thrift Ave. 212 169 168 Constrained by 150 mm dia. CI pipe 

on Martin St. See Project ID 08. 
High 
East 

Russell Ave., Best St. 
to Finlay St. 212 136 135 Constrained by 150 mm dia. CI pipe 

on Russell Ave. See Project ID 11. 
High 
East 

Vidal St., Thrift Ave. 
to Vine Ave.  212 194 193 Constrained by 150 mm dia. CI pipe 

on Vidal St. See Project ID 13. 
High 
East 

Merklin St., Roper 
Ave. to Thrift Ave. 212 181 180 Constrained by 100 mm dia. CI pipe 

on Merklin St. See Project ID 17. 

Low 
Oxford St., Buena 
Vista Ave to 
McDonald St. 

212 175 174 
Constrained by 150 mm dia. CI and 
DI pipes supplying the area.  
See Project IDs 14, 15, and 16. 

Low Everall St. & 
Blackwood Lane 212 132 131 

Constrained by 150 mm dia. and 
100 mm dia. pipes supplying the 
area. See Project IDs 15 and 16. 

Low 
Buena Vista Ave, 
Foster St. to Oxford 
St. 

212 145 144 Constrained by 150 mm dia. CI pipe. 
See Project ID 16. 

Low Johnston Rd. & 
Royal Ave. 212 168 167 Constrained by 150 mm dia. CI pipe. 

See Project ID 12. 

Low Columbia Ln. & 
Balsam St.  67 58 57 Constrained by 100 mm dia. CI pipe. 

See Project ID 09. 

The East Side Large Lot Infill Area (North Bluff Road between Finlay Street and Kent Street) is currently 
single-family residential but is zoned for future multi family. Should this area develop into multi-family, 
additional upgrades including 200 mm diameter mains and additional hydrants would be required on 
Maple Street (Project ID 42) and Lee Street (Project ID 43), and the 250 mm diameter water main 
recommended on Russell Avenue should be extended to Kent Street (Project ID 41). Similarly, water 
main upgrades on Foster Street (Project ID 44), George Street (Project ID 45) and Fir Street (Project ID 
46) are recommended to service new development in these areas. 

Multiple Hydrant Demonstration 

On January 19, 2024, KWL provided a demonstration using the water model to review system pressures 
when multiple hydrants are opened in a single area (i.e. to simulate conditions in an actual fire event 
when multiple hydrants are utilized). The demonstration was attended by representatives from the City 
and the White Rock Fire Department. Three locations were demonstrated, as follows: 

1. North Bluff Road and Finlay Street (High Pressure Zone). 
2. Intersection of Johnston Road and Pacific Avenue (High- and Low-pressure zones). 
3. Marine Drive and Finlay Street (Low Pressure Zone). 
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The analysis was performed as follows: 

1. Run the model at a single model junction to calculate the maximum available flow with minimum 
21.8 psi residual zone pressure. 

2. Split the flow (max 100 L/s each) amongst several hydrants with the sum adding up to the maximum 
available fire flow calculated in step 1 and review impact on pressure. 

The analysis was completed using the existing demand scenario. The results are included in 
Appendix C and demonstrate that, at these locations, the pressure in the system is not adversely 
impacted (i.e. does not drop below 21.8 psi) when available flows are split amongst several hydrants. In 
fact, in some areas, using multiple hydrants can improve the available pressure because the flow is not 
concentrated on a single section of water main. 

7.5 Supply Resiliency 
Two scenarios were analyzed to determine how the system performs under atypical, emergency supply 
conditions. These scenarios were modelled with the proposed Everall PRV station (Project ID 04) and 
are summarized as follows: 

1. Supply from Oxford Pump Station only (e.g. Merklin Reservoir/Pump Station is offline). 

2. Supply only available from the City of Surrey emergency connections located at Best Street and 
Oxford Street (e.g. WTP is offline). 

Supply from Oxford Pump Station Only 

Supply from the Oxford station only at a pressure of 135 m HGL (lowered High Zone West pressure with 
proposed Everall PRV) is not adequate to supply the entire system under the future base day demand 
scenario (i.e. minimal demand). The pressure at the high point on North Bluff Road at George Street 
(112 m elevation) is 11 psi. There are considerable losses in the distribution system under these 
conditions (15 m or 21 psi head losses) which can be addressed by water main upgrades; however, it is 
noted that a 135 m HGL supply pressure is not adequate to supply the highest area of the High Zone 
East. The supply pressure must be at least 143 m HGL to supply the highest point in the system. 

The available pressure in the system is improved if the supply pressure from the Oxford Pump Station is 
adjusted to 143 m and the closed zone boundary valve at Thrift Avenue is opened; the pressure at the 
high point on North Bluff Road at George Street (112 m elevation) is 20 psi under the peak hour 
demand scenario. Figure 7-5 illustrates the water model results under this scenario. 

The analysis indicates that peak hour demands on max day can be accommodated but pressures are 
lower than typical peak hour criteria (target minimum is 43.5 psi). Fire flows would need to be 
supplemented from an alternate source (i.e. City of Surrey emergency supply points, discussed below) 
under this scenario. 

Supply from City of Surrey Emergency Connections Only 

The White Rock water system has historically had four normally closed emergency connections to the 
City of Surrey. Since the experience of utilizing these connections in May 2016 for the large fire event, 
White Rock and Surrey have worked cooperatively towards improving the operability and quality of 
these connections. In 2022 the connection at North Bluff Road and Best Street was upgraded to include 
an additional isolation valve as well as blow offs. The City plans to upgrade the connection at North Bluff 
Road and Oxford Street as well in the near term. 
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Both the North Bluff Road/Oxford Street and North Bluff Road/Best Street connection are to Surrey’s 
Sunnyside (149 m HGL) Pressure Zone. Based on modelling completed for the City of Surrey in 20182, 
the available supply pressure under maximum day demand emergency flow conditions (future demands 
maximum day demands plus fire flow = 370 L/s for White Rock) are as follows: 

• 141 m HGL available at the North Bluff Road/Best Street connection; and 
• 133 m HGL available at the North Bluff Road/Oxford Street connection. 

Modelling was performed to analyze the impact to the system with only the City of Surrey emergency 
supply connections (i.e. all White Rock supply is offline). 

Analysis results for peak hour pressure and available fire flow are included in Figure 7-6 and Figure 7-7, 
respectively. As shown, the minimum pressures are lower than typical peak hour criteria (target 
minimum is 43.5 psi) but are considered adequate for these emergency conditions. Likewise, the 
available fire flow is lower than the target criteria for White Rock. 

The pressure and available fire flow results can be improved with additional upgrades to the White Rock 
distribution system, described as follows: 

• Replace the existing 200 mm diameter cast iron main along North Bluff Road between Oxford Street 
and Finlay Street with 300 mm diameter main. This main is aging and located on the Surrey side of 
North Bluff Road. Upgrading this main with a 300 mm diameter main when replaced will improve the 
resiliency of the system during atypical supply conditions. See Project IDs 30 and 31. 

• Replace the existing 200 mm diameter cast iron main on Oxford Stret between North Bluff Road 
and Thrift Avenue with 250 mm diameter main. This section forms key conveyance between the 
Oxford WTP and the rest of the system and upgrading this main to 250 mm diameter when replaced 
will improve system supply resiliency. See Project ID 32. 

It is noted that the available pressure and fire flow in White Rock under these conditions is dependent 
on the available HGL in the City of Surrey system. The results presented herein are based on available 
modelling results for the Surrey distribution system. The available HGL should be periodically confirmed 
as additional planning and modelling work is completed by Surrey. 

7.6 Distribution System Resiliency 
Water Main Break History Update 

The City provided an update of their water main break history from 2017 to 20223; this was added to the 
previous break history for a record going back to 2000. A map showing the past pipe break locations are 
shown on Figure 7-10. 

In the last three years of data the City has averaged 11 breaks/year. The break rate has remained 
essentially constant (with some year-to-year statistical variation) over the entire period of record. 

The following observations are noted: 

1. The break rate is within the typical range. The City’s average break rate is 0.15 breaks/km/year. 
This compares to average rate of 0.22 break/km/year published in the 2018 Comprehensive Study 

 
2 Future 2045 demand scenario including the 10-year upgrade infrastructure plan.  
3 Location of 2019 breaks were not available. The City (email from Simon Pither September 1, 2023) indicated the number of breaks in 2019 
were in the 6-10 range. 
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of Water Main Breaks in the USA and Canada by the University of Utah. The break rate observed in 
White Rock is within the normal average for utilities. 

2. Cast Iron pipe is more susceptible to breaks. The break rate is much higher on the older cast 
iron pipe (182 total breaks on CI pipe vs. 19 breaks on DI pipe) although the number of breaks on 
DI piping has increased in recent years (see below). 

3. The break rate on Ductile Iron pipe is increasing. In the years 2000 to 2018, the average break 
rate on DI pipe is 0-1 per year. Since 2018, the average rate of DI breaks has increased to an 
average of 3 per year. The City has indicated that corrosive soils are known within White Rock and 
have include cathodic protection on all new ductile iron water main installations. 

4. Most breaks occur on small diameter pipe: 186 of 204 breaks (91%) of the breaks recorded in 
the historical record have occurred on pipe that is 150 mm dia. and smaller. As reference, this size 
of pipe makes up 60% of the White Rock distribution system. 

Certain geographic clusters of breaks are noted in the break history. Areas with notable recurring break 
history (i.e. three or greater) are summarized below. 

• Coldicutt Avenue, between Chestnut Street and Lancaster Street: 150 mm dia. CI; 
• Kerfoot Road, between Vine Avenue and Sunset Drive: 100 mm dia. CI; 
• Brearley Street, between North Bluff Road and Blackburn Avenue: 150 mm dia. DI; 
• Martin Street, between Thrift Avenue and Roper Avenue: 150 mm dia. CI; 
• Johnston Road, between Thrift Avenue and Prospect Avenue: 250 mm dia. CI; 
• Columbia Lane, between Cypress Street and Ash Street: 100 mm dia. CI; 
• Balsam Street, between Royal Lane and Pacific Avenue: 100 mm dia. CI; 
• Parker Street, between Cliff Avenue and Pacific Avenue: 100 mm dia. CI; 
• Kent Street, between Thrift Avenue and Buena Vista Avenue: 100 mm dia. CI; 
• Prospect Crescent, west section connecting to Roper Avenue: 100 mm dia. CI; and 
• Habgood Street, between Vine Avenue and Russell Avenue: 100 mm dia. CI. 

Distribution System Resiliency Assessment 

The White Rock distribution system is relatively dense and well looped. Small diameter mains (150 mm 
dia. and smaller) make up the majority (60%) of the distribution system. As shown in the break history 
review, smaller diameter mains are more susceptible to breaks and leaks. 

A model scenario was completed in which the small diameter system looped connections (150 mm dia. 
and smaller) were closed to assess the performance of the system using only the larger more reliable 
mains. Model results for peak hour pressure and available fire flow under future maximum day demand 
conditions are included in Figure 7-8 and Figure 7-9, respectively. 

As shown on Figure 7-8, the current large diameter network is able to meet peak hour pressure 
requirements. 

Figure 7-9 illustrates that available fire flows are diminished under these conditions. For some single-
family areas with 100 - 150 mm diameter piping only, it is expected that the available fire flow would be 
greatly diminished. Areas servicing commercial, multi family, and mixed-use development with available 
fire flow below the design criteria under these conditions that are not already captured in the available 
fire flow assessment under typical supply conditions (Section 7.4) are summarized as follows: 

• North Bluff Road, between Best Street and Kent Street, See Project IDs 11, 31 and 33; 
• Marine Drive between Martin Street and Dolphin Street, See Project IDs 34, 35, and 36; and 
• Marine Drive between Finlay Street and Stayte Road, See Project IDs 37 and 38. 
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In addition, there is an area of the water system on Royal and Pacific avenues, between Johnston Road 
and Finlay Street that does not have full connectivity (i.e. sections of the loops have not been installed). 
To improve system resiliency in this area, additional water mains/ water main extensions are 
recommended (See Project IDs 39, 40, and 26). 

Water Main Asset Management Study 

An asset management study will allow the City to better understand the condition of the water mains in 
the system and allow for development of a proactive approach to water main replacement. The study 
would review asset classes, maintenance history (breaks, etc.), and condition information to determine a 
sustainable asset management program for the utility’s water mains. See Project ID 18. 
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8. Recommended Upgrades and Prioritization 

8.1 Recommended Upgrades 
All recommended improvements to address supply, pressure, and fire flow deficiencies are summarized 
on Table 8-4 and on Figure 8-1. Upgrades to improve supply and address condition and distribution 
system resiliency are also included in the recommended project list. 

Model results with the recommended upgrades are shown on Figure 8-2 and Figure 8-3 for peak hour 
pressure and available fire flow, respectively. 

To improve system resiliency and as per MMCD design criteria, the minimum recommended water main 
size is 200 mm diameter. In some cases, 150 mm diameter main is recommended to minimize water 
quality concerns in locations where the main services a small residential area or if the main is a dead 
end (i.e. zone boundary). 

8.2 Cost Basis 
Class 'D' indicative cost estimates have been developed for each recommended upgrade and are 
included in Table 8-4. These estimates have been developed with no site information and are 
considered to be suitable for long term capital planning. 

Parameters used in cost estimating are summarized as follows: 

• 20% allowance for engineering; 
• 30% allowance for contingencies; 
• Land acquisition costs (if required) are not included; and 
• All costs are in 2023 dollars with no allowance for inflation. 

Unit prices developed for water main project costing are summarized in Table 8-1. 

Table 8-1: Water Main Unit Costs 
Size Unit Cost 

150 mm dia. $1,770 
200 mm dia. $1,860 
250 mm dia. $2,330 
300 mm dia. $2,640 

8.3 Prioritization 
The recommended upgrades have been prioritized as either of low, medium, or high priority. The 
methodology for ranking the projects considers the severity of the deficiency being addressed, the 
relative cost compared to the service area being impacted by the deficiency, and local area land use. 
The following general guidelines for project completion timelines is as shown below: 

• High: Schedule for completion within 2 to 5-year timeframe; 
• Medium: Schedule for completion in 5 to 10-year timeframe; and 
• Low: Schedule for completion in 10 to 20-year timeframe or as local development takes place. 
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While the above guidelines are provided for budgeting, the need for the individual projects should be 
assessed year-to-year. For instance, the well development projects may be increased in priority if water 
demands increase quicker than forecast. Similarly, break history may indicate the need to re-prioritize 
certain projects. As well, the City should consider coordination of work with other utilities (sewer, road 
rehabilitation) when scheduling the projects. 

A summary of the projects by priority is shown in the following table. 

Table 8-2: Project Cost Summary by Priority Ranking 
Priority Number of Projects Cost Estimate 

High 5  $6,490,400  
Medium 10  $5,084,600  
Low 31  $18,544,600  
Total 46 $30,119,600 

A summary of the projects by main project driver is provided in the following table. 

Table 8-3: Project Cost Summary by Main Project Driver 
Main Project Driver Number of Projects Cost Estimate 

Supply System  6 $6,990,000 
Fire Flow 11 $6,189,800  
Asset Management 12 $5,386,000 
Resiliency 11 $9,156,300 
Development Servicing 6 $2,397,500 
Total 46 $30,119,600 
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TRUWKN,OXIINR:5NWRN,OJ#NKXUQN
2YH5

2VVHWNUJQJJHPHQW b[LVWLQJNmitNPPN:LJ5NvMNPJLQNKJVNH[WHQVLYHNKUHJNN
KLVWRU\5NNzH#WLRQNKHWZHHQNTRUWKN,OXIINR:5NJQ:N7\:UJQWN
 miHNKJVNJOUHJ:\NKHHQNUHSOJ#H:5

INWNUH:LXP ,UHJUOH\NzW5NIURPN7\:UJQWN miHNymatNPNzN
RINTRUWKN,OXIINR:5oNWRN,OJ#NKXUQN2YH5

gt mit Sm-HHt NSNNNNmam-.ttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

Ii jRKQVWRQNR:5NZUN)SJUJ:HNWN
(KULIWN2YH5NWRNVURVSH#WN2YH5

2VVHWNUJQJJHPHQW b[LVWLQJNIitNPPN:LJ5N6MNPJLQNKJVNH[WHQVLYHNKUHJNN RU\5NnNWNERZ jRKQVWRQNR:5NIURPN(KULIWN2YH5NWRNVURVSH#WN
2YH5

nIt Iit SI-nnt NSNNNNHai-.ttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5
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sgs2b5S SHVFULSWLRQ YXVWLILFDWLRQb
)DWHJRU\ YXVWLILFDWLRQbs 3ULRULW\ /RFDWLRQ b/HQJWKb

RPcb 6L]H )RVWb5DWH )RVWb
zVWLPDWH MRWHVbRQb)RVW

5QFOXGHGbLQb)R:5b)XUUHQW
3d<HDUb)DSLWDOb3ODQbrbR<pMc

)RPSDULVRQbWRbsgrDb:DWHUb7DVWHUb
3ODQb5HFRPPHQGDWLRQV

I. ,JOVJPNzW5-NRR\JON2YH5-N
6\SUHVVNzW5NJQ:NVJ#LIL#N2YH5N
ERRS

2VVHWNUJQJJHPHQW-N
RHVLOLHQ#\

b[LVWLQJNmttNPPN:LJ5N6MNPJLQNKJVNH[WHQVLYHNKUHJNN
KLVWRU\NJQ:NLVNOR#JWH:NUHJUN\JU:VNZKL#KNPJNHVN
J##HVVLQJNWKHNPJLQNIRUNUHSJLUVN#KJOOHQJLQJ5NN

nNWNERZ ,JOVJPNzW5NIURPNVJ#LIL#NEQ5NWRNRR\JON2YH5N
RR\JON2YH5NIURPN,JOVJPNzW5NWRN6\SUHVVNzW5NN
6\SUHVVNzW5NIURPNRR\JON2YH5NWRNVJ#LIL#NEQ5
VJ#LIL#N2YH5NIURPN6\SUHVVNzW5NWRN,JOVJPN
zW5

i.t Itt Sm-g.t NSNm-tam-.ttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

IH VJUNHUNzW5NZUN)SJUJ:HNWN6OLIIN
2YH5NWRNVJ#LIL#N2YH5

2VVHWNUJQJJHPHQW b[LVWLQJNmttNPP5N:LJ5N6MNPJLQNKJVNH[WHQVLYHNKUHJNN
KLVWRU\5NN(KLVNVH#WLRQNLVN#ORVH:NJWNWKHNVRXWKNHQ:NWRN
IRUPNWKHN]RQHNKRXQ:JU\NyL5H5NIXQ#WLRQJOO\NJN:HJ:NHQ:N
PJLQo5

nNWNERZ VJUNHUNzW5NIURPN6OLIIN2YH5NWRNVJ#LIL#N2YH5 mht mit Sm-HHt NSNNNNnn.-nttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

Ig DHQWNzW5NZJWHUNUJLQN)SJUJ:HNWN
(KULIWN2YH5NWRN,XHQJN4LVWJN2YH5

2VVHWNUJQJJHPHQW b[LVWLQJNmttNPPN:LJ5N6MNPJLQNKJVNH[WHQVLYHNKUHJNN RU\5NnNWNERZ DHQWNzW5NIURPN(KULIWN2YH5NWRN,XHQJN4LVWJN
2YH5

nHt Itt Sm-g.t NSNNNN.gg-IttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

Ih VURVSH#WN6UHV5NZUN)SJUJ:HNWN
ZHVWN#RQQH#WLRQNWRNRRSHUN2YH5

2VVHWNUJQJJHPHQW b[LVWLQJNmttNPPN:LJ5N6MNPJLQNKJVNH[WHQVLYHNKUHJNN
KLVWRU\5NNYRUPVNJNOR#JONORRSNJURXQ:NVURVSH#WN
6UHV#HQW5

nNWNERZ VURVSH#WN6UHV5NZHVWN#RQQH#WLRQNWRNRRSHUN
2YH5

mnt mit Sm-HHt NSNNNNInt-mttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

nt TRUWKN,OXIINR:5NZUN)SJUJ:HNWN
bYHUJOONzW5NWRNjRKQVWRQNR:5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNH[LVWLQJNIttNPPN:LJ5N6MNPJLQNRQNWKHNzXUUH\N
VL:HNRINTRUWKN,OXIINRRJ:5NNVURYL:HVNLPSURYH:N
UHVLOLHQ#\NJORQJNPJMRUNVXSSO\N#RUUL:RUNKHWZHHQNUHUNOLQN
VXPSNzWJWLRQNJQ:Nf[IRU:NZ(VNJQ:NVHUYL#HVNWKHN(RZQN
6HQWUHNJQ:N(RZQN6HQWUHN(UJQVLWLRQNJUHJV5

nNWNERZ TRUWKN,OXIINR:5NIURPNbYHUJOONzW5NWRN
jRKQVWRQNR:5

.tt ntt SI-.at NSNm-iga-tttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

nm TRUWKN,OXIINR:5NZUN)SJUJ:HNWN
3HRUJHNzW5NWRNYLQOJ\NzW5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNH[LVWLQJNIitNPPN:LJ5N6MNRQNTRUWKN,OXIIN
RRJ:5NNVURYL:HVNLPSURYH:NUHVLOLHQ#\NJORQJNPJMRUN
VXSSO\N#RUUL:RUNIURPNUHUNOLQNVXPSNzWJWLRQNWRNWKHN
7RVSLWJONJQ:NVHUYL#HVNWKHN(RZQN6HQWUHNJQ:N(RZQN
6HQWUHN(UJQVLWLRQNJUHJV5

nNWNERZ TRUWKN,OXIINR:5NIURPN3HRUJHNzW5NWRNYLQOJ\N
zW5

HIt ntt SI-.at NSNm-htt-gttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

nI f[IRU:NzW5NZUN)SJUJ:HWNTRUWKN
,OXIINR:5NWRN(KULIWN2YH5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNH[LVWLQJNIttNPPN:LJ5N6MNPJLQNRQNf[IRU:NzW5NN
VURYL:HVNLPSURYH:NUHVLOLHQ#\NJORQJNPJMRUNVXSSO\N
#RUUL:RUNIURPNf[IRU:NZ(VNJQ:NVHUYL#HVNWKHN(RZQN
6HQWUHN(UJQVLWLRQNJUHJ5

nNWNERZ att Iit SI-nnt NSNNNNhnI-tttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

nn YLQOJ\NzW5NZUN)SJUJ:HNWNRRSHUN
2YH5NWRNRXVVHOON2YH5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNH[LVWLQJNmttNPPN6MNJQ:NmitNPPNvMNRQN
YLQOJ\NzW5NNVURYL:HVNLPSURYH:NV\VWHPNUHVLOLHQ#\NRQNWKHN
SHULSKHU\NRINWKHNbJVWNzL:HNEJUJHNERWNJUHJ5

nNWNERZ YLQOJ\NzW5NIURPNRXVVHOON2YH5NWRNRRSHUN2YH5 aIt Itt Sm-g.t NSNNNNHgm-IttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

na UJULQHNvU5NZUN)SJUJ:HNWN
UJUWLQNzW5NWRNYRVWHUNzW5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNmitNPPN:LJ5N6MNPJLQNRQNUJULQHNvULYHNJQ:N
LPSURYHVNUHVLOLHQ#\NRINVXSSO\NWRNZJWHUIURQWN
6RPPHU#LJONJUHJ5

nNWNERZ UJULQHNvU5NIURPNYRVWHUNzW5NWRNUJUWLQNzW5 mHt Itt Sm-g.t NSNNNNnm.-IttN zHHN(JKOHNgWm NTN MQ#OX:H:NLQNItmHNUJVWHUNVOJQ-N
VURMH#WNMvNnm5NNfQHNVH#WLRQNRIN
XSJUJ:HNKJVNJOUHJ:\NKHHQN#RPSOHWH:N
yKHWZHHQNYRVWHUNzW5NJQ:N7\:UJQWN
 Itmo5N

ni UJULQHNvU5NZUN)SJUJ:HNWN
YRVWHUNzW5NWRNjRKQVWRQNR:5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNmitNPPN:LJ5N6MNPJLQNRQNUJULQHNvULYHNJQ:N
LPSURYHVNUHVLOLHQ#\NRINVXSSO\NWRNZJWHUIURQWN
6RPPHU#LJONJUHJ5

nNWNERZ UJULQHNvU5NIURPN7\:UJQWN ItmNyPL:NKOR#NoN
WRNjRKQVWRQNR:5

mnt Itt Sm-g.t NSNNNNIam-gttN zHHN(JKOHNgWm NTN MQ#OX:H:NLQNItmHNUJVWHUNVOJQ-N
VURMH#WNMvNnm5NNfQHNVH#WLRQNRIN
XSJUJ:HNKJVNJOUHJ:\NKHHQN#RPSOHWH:N
yKHWZHHQNYRVWHUNzW5NJQ:N7\:UJQWN
 Itmo5N

n. UJULQHNEQ5NZUN)SJUJ:HNWN
jRKQVWRQNR:5NWRNvROSKLQNzW5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNmitNPPN:LJ5N6MNPJLQNRQNNUJULQHNEQ5NJQ:N
LPSURYHVNUHVLOLHQ#\NRINVXSSO\NWRNZJWHUIURQWN
6RPPHU#LJONJUHJ5

nNWNERZ Igt Itt Sm-g.t NSNNNNiIt-gttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

nH jRKQVWRQNR:5NWN6ROXPKLJNEQ5NWRN
UJULQHNEQ5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNmitNPPN:LJ5N6MNPJLQNRQNNjRKQVWRQNR:5NJQ:N
LPSURYHVNUHVLOLHQ#\NRINVXSSO\NWRNZJWHUIURQWN
6RPPHU#LJONJUHJ5

nNWNERZ jRKQVWRQNR:5NIURPN6ROXPKLJNEQ5NWRNUJULQHN
EQ5

Int Iit SI-nnt NSNNNNini-httN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

ng UJULQHNvU5NZUN)SJUJ:HNWN
YLQOJ\NzW5NWRNzWJ\WH5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

RHSOJ#HVNmitNPPN:LJ5N6MNPJLQNRQNNUJULQHNvU5NJQ:N
LPSURYHVNUHVLOLHQ#\NRINVXSSO\NWRNZJWHUIURQWN
#RPPHU#LJONJQ:NPXOWLNIJPLO\NJUHJ5

nNWNERZ gIt Itt Sm-g.t NSNm-iIi-IttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

nh RR\JON2YH5NWRNYLUNzW5NZJWHUN
UJLQNERRS

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

ERRSVNKLJKN]RQHNSLSLQJNJQ:NLPSURYHVNUHVLOLHQ#\5NN
RHSOJ#HVNatNPNRINH[LVWLQJNmttNPPN:LJ5N6MNSLSH5

nNWNERZ RR\JON2YH5NIURPNjRKQVWRQNR:5NWRNYLUNzW5
YLUNzW5NIURPNRR\JON2YHNWRNVJ#LIL#N2YH5

m.t Itt Sm-g.t NSNNNNIhH-.ttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

at VJ#LIL#N2YH5NZUNb[WHQVLRQNWN
YLUNzW5NWRNvROSKLQNzW5

RHVLOLHQ#\-N2VVHWN
UJQJJHPHQW

ERRSVNKLJKN]RQHNSLSLQJNJQ:NLPSURYHVNUHVLOLHQ#\5NN
RHSOJ#HVNmItNPNRINH[LVWLQJNmttNPPN:LJ5N6MNSLSH5

nNWNERZ VJ#LIL#N2YH5NIURPNYLUNzW5NWRNvROSKLQNzW5 Igt Itt Sm-g.t NSNNNNiIt-gttN zHHN(JKOHNgWm TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

am RXVVHOON2YH5NZUN)SJUJ:HNWN
UJSOHNzW5NWRNDHQWNzW5

(RNVHUYL#HN
:HYHORSPHQW

RHSOJ#HVNH[LVWLQJNmitNPPN:LJ5NvMNRQNRXVVHOON2YH5NWRN
VHUYL#HNWKHNbJVWNzL:HNEJUJHNERWN2UHJ5N2UHJNLVN
#XUUHQWO\NVLQJOHNIJPLO\NJQ:NLVNKHLQJN:HYHORSH:NLQWRN
PXOWLNIJPLO\5

nNWNERZ RXVVHOON2YH5NIURPNUJSOHNzW5NWRNDHQWNzW5 ntt Iit SI-nnt NSNNNN.hh-tttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5
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sgs2b5S SHVFULSWLRQ YXVWLILFDWLRQb
)DWHJRU\ YXVWLILFDWLRQbs 3ULRULW\ /RFDWLRQ b/HQJWKb

RPcb 6L]H )RVWb5DWH )RVWb
zVWLPDWH MRWHVbRQb)RVW

5QFOXGHGbLQb)R:5b)XUUHQW
3d<HDUb)DSLWDOb3ODQbrbR<pMc

)RPSDULVRQbWRbsgrDb:DWHUb7DVWHUb
3ODQb5HFRPPHQGDWLRQV

aI UJSOHNzW5NZUN)SJUJ:HNWNTRUWKN
,OXIINR:5NWRNRXVVHOON2YH5

(RNVHUYL#HN
:HYHORSPHQW

RHSOJ#HVNmitNPPN:LJNvMNSLSLQJNRQNUJSOHNzW5NWRN
VHUYL#HNbJVWNzL:HNEJUJHNERWN2UHJ5NN6XUUHQWO\NWKHUHNJUHN
QRNK\:UJQWVNPL:NKOR#NNJQ:NWKLVNJUHJNLVNVLQJOHNIJPLO\N
UHVL:HQWLJONJQ:NKHLQJN:HYHORSH:NLQWRNPXOWLNIJPLO\5

nNWNERZ UJSOHNzWNIURPNTRUWKN,OXIINR:5NWRNRXVVHOON
2YH5

Itt Itt Sm-g.t NSNNNNnHI-tttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

an EHHNzW5NZUN)SJUJ:HNWNTRUWKN
,OXIINR:5NWRNRXVVHOON2YH5

(RNVHUYL#HN
:HYHORSPHQW

RHSOJ#HVNmttsmitNPPN:LJNvMNSLSLQJNRQNEHHNzW5NWRN
VHUYL#HNbJVWNzL:HNEJUJHNERWN2UHJ5NN6XUUHQWO\NWKHUHNJUHN
QRNK\:UJQWVNPL:NKOR#NNJQ:NWKLVNJUHJNLVNVLQJOHNIJPLO\N
UHVL:HQWLJONJQ:NKHLQJN:HYHORSH:NLQWRNPXOWLNIJPLO\5

nNWNERZ EHHNzW5NIURPNTRUWKN,OXIINR:5NWRNRXVVHOON
2YH5

Itt Itt Sm-g.t NSNNNNnHI-tttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

aa YRVWHUNzW5NZUN)SJUJ:HNWN
TRUWKN,OXIINR:5NWRNRXVVHOON2YH5

(RNVHUYL#HN
:HYHORSPHQW

RHSOJ#HVNIttNPPN:LJ5NvMNSLSLQJNRQNYRVWHUNzW5NWRN
#RPSOHWHNIitNPPN:LJ5NORRS5

nNWNERZ YRVWHUNzW5NIURPNTRUWKN,OXIINR:5NWRNRXVVHOON
2YH5

mit Iit SI-nnt NSNNNNnah-ittN zHHN(JKOHNgWm TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

ai 3HRUJHNzW5NZUN)SJUJ:HNWN
TRUWKN,OXIINR:5NWRNRXVVHOON2YH5

(RNVHUYL#HN
:HYHORSPHQW

RHSOJ#HVNIttNPPN:LJ5NvMNSLSLQJNRQN3HRUJHNzW5NWRN
#RPSOHWHNIitNPPN:LJ5NORRS5

nNWNERZ 3HRUJHNzW5NIURPNTRUWKN,OXIINR:5NWRNRXVVHOON
2YH5

mtt Iit SI-nnt NSNNNNInn-tttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

a. YLUNzW5NTHZNZUNWNRXVVHOON2YHN
WRN(KULIWN2YH5

(RNVHUYL#HN
:HYHORSPHQW

THZNZJWHUNPJLQNVH#WLRQNUHTXLUH:NWRNVHUYL#HN
:HYHORSPHQWNJQ:NSURYL:HNJNK\:UJQWNPL:KOR#N5

nNWNERZ YLUNzW5NIURPNRXVVHOON2YH5NWRN(KULIWN2YH5 Itt Itt Sm-g.t NSNNNNnHI-tttN zHHN(JKOHNgWm NTN TRWNLQ#OX:H:NLQNItmHNUJVWHUNVOJQ5

m5N6LW\NRINZKLWHNRR#NNItInNWRNItIgNvUJIWNZJWHUN)WLOLW\NiNxHJUNVOJQNySURYL:H:NTRYHPKHUNmH-NItInNKXWN6RUULQHN7JHUo5
I5NYRUNSURMH#WVNUH#RPPHQ:H:NWRNLPSURYHNIRUHNIORZ-N#RQILUPJWLRQNRINILUHNIORZNUHTXLUHPHQWVNJQ:NJYJLOJKLOLW\NyYLJ5NYLHO:NWHVWLQJoNLVNUH#RPPHQ:H:NSULRUNWRN#RQVWUX#WLRQ5

TRWHVC
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9. Conclusions 

9.1 Summary and Recommendations 
KWL was retained to prepare and update the White Rock Water System Master Plan. The key findings 
and recommendations are summarized below. 

Census data and land use information was reviewed and the total service population for the existing 
White Rock Water System was estimated at 22,142 (21,939 in the City of White Rock, 203 in the City of 
Surrey). Average population rates were calculated as 2.5 ca/SF parcel and 1.5 ca/MF unit. 

Source flow and customer water meter data was analyzed and compared to the historical record for White 
Rock to determine a design existing maximum day demand of 135.9 L/s. The calculated residential base 
demand rates were 193 L/ca/day and 186 L/ca/day for single-family and multi-family, respectively. 

A significant increase in seasonal water use in 2021 was observed relative to previous high seasonal 
demand values (15% increase relative to 2015). An update to the 2016 Water Conservation Plan 
focused on decreasing peak usage is recommended. 

Based on the Mid Range 2050 Metro Vancouver growth forecast, a 5,931 population increase and 
30,350 m2 of additional ICI floor area is expected by 2050. Lower base demand unit rates for residential 
and ICI usage were developed, and 140 L/ca/day and 1.6 m3/m2 floor area/year were used to estimate 
the increase in future base demand. The irrigated area is not expected to increase in the future, but an 
8% increase was added to seasonal demand to account for potential impacts of climate change based 
on a hot summer demand analysis. The design future maximum demand for year 2050 was estimated 
at 152.5 L/s. 

There are seven, soon to be eight, wells that supply the White Rock water system. The total rated 
supply capacity (including Well 5, with the largest well out of service) is 139.4 L/s. Additional source 
capacity is required to meet the future 2050 MDD estimate. Recent redevelopment work with Well 3 
shows it needs replacement. A new well (Well 9) is recommended to replace Well 3 and provide 
capacity needed for future conditions. It is recommended that the City continue to upgrade the 
connections to the City of Surrey system for emergency / back up supply conditions. 

The available reservoir storage capacity is 4.75 ML and 5.89 ML in the High and Low pressure zones, 
respectively. The required storage for the estimated future 2050 demands is 4.58 ML for the High and 
3.02 for the Low pressure zones. Adequate storage capacity is provided by the current system for the 
estimated future demands. 

A review of actual peak hour flow data for 2020-2023 indicates the observed balancing volume on peak 
day is 8-12% of the maximum day demand; this is below the calculated estimate of required balancing 
storage. However, review of the data indicates the actual reservoir volumes in the High Zone were 
below the volume reserved for fire plus emergency storage for 2 days in the summers of 2021 and 
2023. According to our calculations, the available storage volume should be sufficient without using 
volume reserved for emergency and fire conditions. Therefore, the following operational adjustments 
are recommended for the City to review and implement: 

• Calibrate/verify pressure transducer readings (% full) are accurate based on actual levels. 

• Adjust operation so that the full capacity of the reservoirs is utilized. Review of the available 
reservoir data suggests that approximately 0.5 ML of storage is not utilized (tanks are not 
completely filled). 
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• Review and adjust the fill setting for the Merklin reservoirs (currently set at max. 75 L/s in the 
SCADA programming). While this should not impact the current operation (where Oxford and 
Merklin combine to supply the High Zone), this will have an impact on the system’s ability to provide 
adequate service when the Everall PRV (Project ID 04) is implemented and the Oxford supply HGL 
is lowered. If the 75 L/s setting cannot be adjusted, or only marginally increased, it is recommended 
that the Everall PRV project be re-examined. 

• Ensure well supply capacity is adjusted daily to meet the average day demand requirement. 
Completion of Well #5 and development of a new well are recommended as high priority projects to 
ensure the available well supply can meet existing and future maximum day demands. Demand 
side management can also be an effective tool to promote water conservation. 

Modelling indicates that there are low pressure deficiencies (< 44 psi) in the vicinity of North Bluff Road 
and Merklin Street and high pressures >150 psi near Marine Drive and Magdalen Crescent. The High 
Zone separation project (Everall PRV) is recommended to allow the pressure in the High Zone East 
(145 m HGL) to be raised, and the pressure in the High Zone West to be lowered (135 m HGL). 

Modelling indicates that there are fire flow deficiencies relative to the required fire flow assessment 
criteria. 11 water main upgrades are recommended to address these fire flow deficiencies. 6 additional 
upgrades which address fire flow deficiencies in the East Side Large Lot Infill area (currently single 
family residential) are recommended when development in this area proceeds. 

Two scenarios were analyzed in conjunction with the Everall PRV project to determine how the system 
performs under emergency supply conditions. 

1. With Oxford supply only (i.e. Merklin Reservoir/Pump Station offline) the existing system cannot 
supply adequate base day demands. 

2. With supply from two of the City of Surrey Emergency Connections, the existing system can supply 
maximum day demands and fire flows, but at lower than typical design pressure and fire flow criteria. 

With water main upgrades on Oxford Street and along North Bluff Road, the ability to provide adequate 
pressure and fire flow under emergency conditions is improved. 

The City’s break history data was analyzed, and it was determined that the break rate is within the 
typical range. It was also determined that cast iron pipes and small diameter piping is more susceptible 
to breaks, and the break rate on ductile iron pipe is increasing. A water main asset management study 
is recommended to develop a proactive water main replacement strategy. It is also recommended to 
complete water main replacement projects in 12 specific areas that have extensive break history. 

The resiliency of the distribution system was assessed by modelling the larger diameter mains only (i.e. 
200 mm dia. and larger); 100 mm dia. and 150 mm dia. looped sections were closed. Modelling 
indicated that the existing large diameter network can provide adequate peak hour pressure under 
future maximum day demand conditions but the available fire flows for some ICI and multi family areas 
were diminished. Water main upgrades on Finlay Street, Marine Drive, and Johnston Road are 
recommended to improve distribution system resiliency. 

In total, there are 46 recommended upgrades, with a Class ‘D’ cost estimate of $30.1 M. 

It is recommended that the water master plan be updated approximately every five years or as required 
as projects are completed, observed demands or daily use patterns are altered, growth projections are 
adjusted, or if major developments are proposed. 
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10. Report Submission 
Prepared by: 

KERR WOOD LEIDAL ASSOCIATES LTD. 

 

Rose Sinnott, P.Eng. 
Project Manager/Project Engineer 

 

Reviewed by: 

 

Andrew Boyland, P.Eng. 
Technical Reviewer 
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Statement of Limitations 
This document has been prepared by Kerr Wood Leidal Associates Ltd. (KWL) for the exclusive use and benefit of City of White Rock for the 
2024 Water Master Plan Update. No other party is entitled to rely on any of the conclusions, data, opinions, or any other information 
contained in this document. 

This document represents KWL’s best professional judgement based on the information available at the time of its completion and as 
appropriate for the project scope of work. Services performed in developing the content of this document have been conducted in a manner 
consistent with that level and skill ordinarily exercised by members of the engineering profession currently practising under similar 
conditions. No warranty, express or implied, is made. 

Copyright Notice 
These materials (text, tables, figures, and drawings included herein) are copyright of Kerr Wood Leidal Associates Ltd. (KWL). City of White 
Rock is permitted to reproduce the materials for archiving and for distribution to third parties only as required to conduct business specifically 
relating to 2024 Water Master Plan Update. Any other use of these materials without the written permission of KWL is prohibited. 

Revision History 
Revision # Date Status Revision Author 

0 May 13, 2024 Final  RS 
1 May 27, 2024 Final – Revision 1 Incorporate comments provided by the City. RS 

2 June 3, 2024 Final – Revision 2 Revise to clarify water servicing is provided by the City to 
Semiahmoo First Nation. RS 
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DĂǆŝŵƵŵxVĂǇxVĞŵĂŶĚ͗
ϭϯϰ͘Ϭ >ͬƐ

WĞĂŬxVĂŝůǇxsŽůƵŵĞxZĞƋƵŝƌĞĚ͗
ϭ͘Ϯϯ D>
ϴͲϭϮйxŽĨxiǀĞƌĂŐĞxVĂŝůǇxsŽůƵŵĞ

DĂǆŝŵƵŵxVĂǇxVĞŵĂŶĚ͗
ϭϭϮ͘ϱ >ͬƐ

WĞĂŬxVĂŝůǇxsŽůƵŵĞxZĞƋƵŝƌĞĚ͗
Ϭ͘ϵϰ D>
ϴͲϭϬйxŽĨxiǀĞƌĂŐĞxVĂŝůǇxsŽůƵŵĞ

DĂǆŝŵƵŵxVĂǇxVĞŵĂŶĚ͗
ϭϭϲ͘ϳ >ͬƐ

WĞĂŬxVĂŝůǇxsŽůƵŵĞxZĞƋƵŝƌĞĚ͗
ϭ͘Ϭϳ D>
ϴͲϭϭйxŽĨxiǀĞƌĂŐĞxVĂŝůǇxsŽůƵŵĞ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϮͲ:ƵůͲϮϬ ϯͲ:ƵůͲϮϬ ϰͲ:ƵůͲϮϬ ϱͲ:ƵůͲϮϬ ϲͲ:ƵůͲϮϬ ϳͲ:ƵůͲϮϬ ϴͲ:ƵůͲϮϬ ϵͲ:ƵůͲϮϬ ϭϬͲ:ƵůͲϮϬ ϭϭͲ:ƵůͲϮϬ ϭϮͲ:ƵůͲϮϬ ϭϯͲ:ƵůͲϮϬ ϭϰͲ:ƵůͲϮϬ ϭϱͲ:ƵůͲϮϬ ϭϲͲ:ƵůͲϮϬ ϭϳͲ:ƵůͲϮϬ ϭϴͲ:ƵůͲϮϬ ϭϵͲ:ƵůͲϮϬ ϮϬͲ:ƵůͲϮϬ ϮϭͲ:ƵůͲϮϬ ϮϮͲ:ƵůͲϮϬ ϮϯͲ:ƵůͲϮϬ ϮϰͲ:ƵůͲϮϬ ϮϱͲ:ƵůͲϮϬ ϮϲͲ:ƵůͲϮϬ ϮϳͲ:ƵůͲϮϬ ϮϴͲ:ƵůͲϮϬ ϮϵͲ:ƵůͲϮϬ ϯϬͲ:ƵůͲϮϬ ϯϭͲ:ƵůͲϮϬ ϭͲ2ƵŐͲϮϬ ϮͲ2ƵŐͲϮϬ ϯͲ2ƵŐͲϮϬ ϰͲ2ƵŐͲϮϬ

(Ğ
ŵ
ĂŶ
Ě1
;>
ͬƐ
Ϳ

:ƵůǇ1Ϯ1Ͳ 2ƵŐ1ϰ͕1ϮϬϮϬ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϯͲ:ƵŶͲϮϭ ϰͲ:ƵŶͲϮϭ ϱͲ:ƵŶͲϮϭ ϲͲ:ƵŶͲϮϭ ϳͲ:ƵŶͲϮϭ ϴͲ:ƵŶͲϮϭ ϵͲ:ƵŶͲϮϭ ϭϬͲ:ƵŶͲϮϭ ϭϭͲ:ƵŶͲϮϭ ϭϮͲ:ƵŶͲϮϭ ϭϯͲ:ƵŶͲϮϭ ϭϰͲ:ƵŶͲϮϭ ϭϱͲ:ƵŶͲϮϭ ϭϲͲ:ƵŶͲϮϭ ϭϳͲ:ƵŶͲϮϭ ϭϴͲ:ƵŶͲϮϭ ϭϵͲ:ƵŶͲϮϭ ϮϬͲ:ƵŶͲϮϭ ϮϭͲ:ƵŶͲϮϭ ϮϮͲ:ƵŶͲϮϭ ϮϯͲ:ƵŶͲϮϭ ϮϰͲ:ƵŶͲϮϭ ϮϱͲ:ƵŶͲϮϭ ϮϲͲ:ƵŶͲϮϭ ϮϳͲ:ƵŶͲϮϭ ϮϴͲ:ƵŶͲϮϭ ϮϵͲ:ƵŶͲϮϭ ϯϬͲ:ƵŶͲϮϭ ϭͲ:ƵůͲϮϭ ϮͲ:ƵůͲϮϭ ϯͲ:ƵůͲϮϭ ϰͲ:ƵůͲϮϭ ϱͲ:ƵůͲϮϭ ϲͲ:ƵůͲϮϭ
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ŵ
ĂŶ
Ě1
;>
ͬƐ
Ϳ

:ƵŶĞ1ϯ1Ͳ :ƵůǇ1ϲ͕1ϮϬϮϭ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϮͲ:ƵůͲϮϮ ϯͲ:ƵůͲϮϮ ϰͲ:ƵůͲϮϮ ϱͲ:ƵůͲϮϮ ϲͲ:ƵůͲϮϮ ϳͲ:ƵůͲϮϮ ϴͲ:ƵůͲϮϮ ϵͲ:ƵůͲϮϮ ϭϬͲ:ƵůͲϮϮ ϭϭͲ:ƵůͲϮϮ ϭϮͲ:ƵůͲϮϮ ϭϯͲ:ƵůͲϮϮ ϭϰͲ:ƵůͲϮϮ ϭϱͲ:ƵůͲϮϮ ϭϲͲ:ƵůͲϮϮ ϭϳͲ:ƵůͲϮϮ ϭϴͲ:ƵůͲϮϮ ϭϵͲ:ƵůͲϮϮ ϮϬͲ:ƵůͲϮϮ ϮϭͲ:ƵůͲϮϮ ϮϮͲ:ƵůͲϮϮ ϮϯͲ:ƵůͲϮϮ ϮϰͲ:ƵůͲϮϮ ϮϱͲ:ƵůͲϮϮ ϮϲͲ:ƵůͲϮϮ ϮϳͲ:ƵůͲϮϮ ϮϴͲ:ƵůͲϮϮ ϮϵͲ:ƵůͲϮϮ ϯϬͲ:ƵůͲϮϮ ϯϭͲ:ƵůͲϮϮ ϭͲ2ƵŐͲϮϮ

(Ğ
ŵ
ĂŶ
Ě1
;>
ͬƐ
Ϳ

:ƵůǇ1Ϯ1Ͳ 2ƵŐ1ϭ͕1ϮϬϮϮ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϬϮͲ:Ƶů ϬϯͲ:Ƶů ϬϰͲ:Ƶů ϬϱͲ:Ƶů ϬϲͲ:Ƶů ϬϳͲ:Ƶů ϬϴͲ:Ƶů ϬϵͲ:Ƶů ϭϬͲ:Ƶů ϭϭͲ:Ƶů ϭϮͲ:Ƶů ϭϯͲ:Ƶů ϭϰͲ:Ƶů ϭϱͲ:Ƶů ϭϲͲ:Ƶů ϭϳͲ:Ƶů ϭϴͲ:Ƶů ϭϵͲ:Ƶů ϮϬͲ:Ƶů ϮϭͲ:Ƶů ϮϮͲ:Ƶů ϮϯͲ:Ƶů ϮϰͲ:Ƶů ϮϱͲ:Ƶů ϮϲͲ:Ƶů ϮϳͲ:Ƶů ϮϴͲ:Ƶů ϮϵͲ:Ƶů ϯϬͲ:Ƶů ϯϭͲ:Ƶů ϬϭͲ2ƵŐ ϬϮͲ2ƵŐ ϬϯͲ2ƵŐ ϬϰͲ2ƵŐ ϬϱͲ2ƵŐ ϬϲͲ2ƵŐ ϬϳͲ2ƵŐ ϬϴͲ2ƵŐ ϬϵͲ2ƵŐ ϭϬͲ2ƵŐ ϭϭͲ2ƵŐ ϭϮͲ2ƵŐ ϭϯͲ2ƵŐ ϭϰͲ2ƵŐ ϭϱͲ2ƵŐ

(Ğ
ŵ
ĂŶ
Ě1
;>
ͬƐ
Ϳ

:ƵůǇ1Ϯ1Ͳ ϭϱ12ƵŐ1ϮϬϮϯ



Ϭ

ϭϬ

ϮϬ

ϯϬ

ϰϬ

ϱϬ

ϲϬ

ϳϬ

ϴϬ

ϵϬ

ϭϬϬ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϯϬϬ

ϯϱϬ

ϰϬϬ

ϰϱϬ

ϱϬϬ

ϮͲ:ƵůͲϮϬ ϯͲ:ƵůͲϮϬ ϰͲ:ƵůͲϮϬ ϱͲ:ƵůͲϮϬ ϲͲ:ƵůͲϮϬ ϳͲ:ƵůͲϮϬ ϴͲ:ƵůͲϮϬ ϵͲ:ƵůͲϮϬ ϭϬͲ:ƵůͲϮϬ ϭϭͲ:ƵůͲϮϬ ϭϮͲ:ƵůͲϮϬ ϭϯͲ:ƵůͲϮϬ ϭϰͲ:ƵůͲϮϬ ϭϱͲ:ƵůͲϮϬ ϭϲͲ:ƵůͲϮϬ ϭϳͲ:ƵůͲϮϬ ϭϴͲ:ƵůͲϮϬ ϭϵͲ:ƵůͲϮϬ ϮϬͲ:ƵůͲϮϬ ϮϭͲ:ƵůͲϮϬ ϮϮͲ:ƵůͲϮϬ ϮϯͲ:ƵůͲϮϬ ϮϰͲ:ƵůͲϮϬ ϮϱͲ:ƵůͲϮϬ ϮϲͲ:ƵůͲϮϬ ϮϳͲ:ƵůͲϮϬ ϮϴͲ:ƵůͲϮϬ ϮϵͲ:ƵůͲϮϬ ϯϬͲ:ƵůͲϮϬ ϯϭͲ:ƵůͲϮϬ ϭͲ3ƵŐͲϮϬ ϮͲ3ƵŐͲϮϬ ϯͲ3ƵŐͲϮϬ ϰͲ3ƵŐͲϮϬ

ZĞ
ƐĞ
ƌǀ
Žŝ
ƌ2й

2:Ƶ
ůů

 Ğ
ŵ
ĂŶ
Ě2
;>
ͬƐ
Ϳ

:ƵůǇ2Ϯ2Ͳ 3ƵŐ2ϰ͕2ϮϬϮϬ͗2 ĞŵĂŶĚ2ĂŶĚ2ZĞƐĞƌǀŽŝƌ2>ĞǀĞůƐ

ϮϬϮϬͲϲϬDŝŶ3ǀĞƌĂŐĞ ϮϬϮϬͲ ĂŝůǇ3ǀĞƌĂŐĞ KǆĨŽƌĚ2ZĞƐ2>ĞǀĞů2;йͿ DĞƌŬůŝŶ2ZĞƐĞƌǀŽŝƌ2>ĞǀĞů2;йͿ ZŽƉĞƌ2ZĞƐĞƌǀŽŝƌ

ͲϬ͘Ϯϱ

Ϭ͘Ϯϱ

Ϭ͘ϳϱ

ϭ͘Ϯϱ

ϭ͘ϳϱ

Ϯ͘Ϯϱ

Ϯ͘ϳϱ

ϯ͘Ϯϱ

ϯ͘ϳϱ

ϰ͘Ϯϱ

ϰ͘ϳϱ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϯϬϬ

ϯϱϬ

ϰϬϬ

ϰϱϬ

ϱϬϬ

ϮͲ:ƵůͲϮϬ ϯͲ:ƵůͲϮϬ ϰͲ:ƵůͲϮϬ ϱͲ:ƵůͲϮϬ ϲͲ:ƵůͲϮϬ ϳͲ:ƵůͲϮϬ ϴͲ:ƵůͲϮϬ ϵͲ:ƵůͲϮϬ ϭϬͲ:ƵůͲϮϬ ϭϭͲ:ƵůͲϮϬ ϭϮͲ:ƵůͲϮϬ ϭϯͲ:ƵůͲϮϬ ϭϰͲ:ƵůͲϮϬ ϭϱͲ:ƵůͲϮϬ ϭϲͲ:ƵůͲϮϬ ϭϳͲ:ƵůͲϮϬ ϭϴͲ:ƵůͲϮϬ ϭϵͲ:ƵůͲϮϬ ϮϬͲ:ƵůͲϮϬ ϮϭͲ:ƵůͲϮϬ ϮϮͲ:ƵůͲϮϬ ϮϯͲ:ƵůͲϮϬ ϮϰͲ:ƵůͲϮϬ ϮϱͲ:ƵůͲϮϬ ϮϲͲ:ƵůͲϮϬ ϮϳͲ:ƵůͲϮϬ ϮϴͲ:ƵůͲϮϬ ϮϵͲ:ƵůͲϮϬ ϯϬͲ:ƵůͲϮϬ ϯϭͲ:ƵůͲϮϬ ϭͲ3ƵŐͲϮϬ ϮͲ3ƵŐͲϮϬ ϯͲ3ƵŐͲϮϬ ϰͲ3ƵŐͲϮϬ

ZĞ
ƐĞ
ƌǀ
Žŝ
ƌ2s
Žů
Ƶŵ

Ğ2
;D
>Ϳ

 Ğ
ŵ
ĂŶ
Ě2
;>
ͬƐ
Ϳ

:ƵůǇ2Ϯ2Ͳ 3ƵŐ2ϰ͕2ϮϬϮϬ͗2 ĞŵĂŶĚ2ĂŶĚ2ZĞƐĞƌǀŽŝƌ2sŽůƵŵĞ

ϮϬϮϬͲϲϬDŝŶ3ǀĞƌĂŐĞ ϮϬϮϬͲ ĂŝůǇ3ǀĞƌĂŐĞ pŝŐŚ2�ŽŶĞ2ZĞƐĞƌǀŽŝƌ2sŽůƵŵĞ2;D>Ϳ :ŝƌĞ2н2mŵĞƌŐĞŶĐǇ2sŽůƵŵĞ2;D>Ϳ :ŝƌĞ2^ƚŽƌĂŐĞ2sŽůƵŵĞ2;D>Ϳ



Ϭ

ϭϬ

ϮϬ

ϯϬ

ϰϬ

ϱϬ

ϲϬ

ϳϬ

ϴϬ

ϵϬ

ϭϬϬ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϯϬϬ

ϯϱϬ

ϰϬϬ

ϰϱϬ

ϱϬϬ

ϯͲ:ƵŶͲϮϭ ϰͲ:ƵŶͲϮϭ ϱͲ:ƵŶͲϮϭ ϲͲ:ƵŶͲϮϭ ϳͲ:ƵŶͲϮϭ ϴͲ:ƵŶͲϮϭ ϵͲ:ƵŶͲϮϭ ϭϬͲ:ƵŶͲϮϭ ϭϭͲ:ƵŶͲϮϭ ϭϮͲ:ƵŶͲϮϭ ϭϯͲ:ƵŶͲϮϭ ϭϰͲ:ƵŶͲϮϭ ϭϱͲ:ƵŶͲϮϭ ϭϲͲ:ƵŶͲϮϭ ϭϳͲ:ƵŶͲϮϭ ϭϴͲ:ƵŶͲϮϭ ϭϵͲ:ƵŶͲϮϭ ϮϬͲ:ƵŶͲϮϭ ϮϭͲ:ƵŶͲϮϭ ϮϮͲ:ƵŶͲϮϭ ϮϯͲ:ƵŶͲϮϭ ϮϰͲ:ƵŶͲϮϭ ϮϱͲ:ƵŶͲϮϭ ϮϲͲ:ƵŶͲϮϭ ϮϳͲ:ƵŶͲϮϭ ϮϴͲ:ƵŶͲϮϭ ϮϵͲ:ƵŶͲϮϭ ϯϬͲ:ƵŶͲϮϭ ϭͲ:ƵůͲϮϭ

ZĞ
ƐĞ
ƌǀ
Žŝ
ƌ2й

2AƵ
ůů

%Ğ
ŵ
ĂŶ

Ě2
;>
ͬƐ
Ϳ

:ƵŶĞ2ϯ2Ͳ :ƵůǇ2ϭ͕2ϮϬϮϭ͗2%ĞŵĂŶĚ2ĂŶĚ2ZĞƐĞƌǀŽŝƌ2>ĞǀĞůƐ

ϮϬϮϭͲϲϬDŝŶ3ǀĞƌĂŐĞ ϮϬϮϭͲ%ĂŝůǇ3ǀĞƌĂŐĞ KǆĨŽƌĚ2ZĞƐ2>ĞǀĞů2;йͿ DĞƌŬůŝŶ2ZĞƐĞƌǀŽŝƌ2>ĞǀĞů2;йͿ ZŽƉĞƌ2ZĞƐĞƌǀŽŝƌ

ͲϬ͘Ϯϱ

Ϭ͘Ϯϱ

Ϭ͘ϳϱ

ϭ͘Ϯϱ

ϭ͘ϳϱ

Ϯ͘Ϯϱ

Ϯ͘ϳϱ

ϯ͘Ϯϱ

ϯ͘ϳϱ

ϰ͘Ϯϱ

ϰ͘ϳϱ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϯϬϬ

ϯϱϬ

ϰϬϬ

ϰϱϬ

ϱϬϬ

ϯͲ:ƵŶͲϮϭ ϰͲ:ƵŶͲϮϭ ϱͲ:ƵŶͲϮϭ ϲͲ:ƵŶͲϮϭ ϳͲ:ƵŶͲϮϭ ϴͲ:ƵŶͲϮϭ ϵͲ:ƵŶͲϮϭ ϭϬͲ:ƵŶͲϮϭ ϭϭͲ:ƵŶͲϮϭ ϭϮͲ:ƵŶͲϮϭ ϭϯͲ:ƵŶͲϮϭ ϭϰͲ:ƵŶͲϮϭ ϭϱͲ:ƵŶͲϮϭ ϭϲͲ:ƵŶͲϮϭ ϭϳͲ:ƵŶͲϮϭ ϭϴͲ:ƵŶͲϮϭ ϭϵͲ:ƵŶͲϮϭ ϮϬͲ:ƵŶͲϮϭ ϮϭͲ:ƵŶͲϮϭ ϮϮͲ:ƵŶͲϮϭ ϮϯͲ:ƵŶͲϮϭ ϮϰͲ:ƵŶͲϮϭ ϮϱͲ:ƵŶͲϮϭ ϮϲͲ:ƵŶͲϮϭ ϮϳͲ:ƵŶͲϮϭ ϮϴͲ:ƵŶͲϮϭ ϮϵͲ:ƵŶͲϮϭ ϯϬͲ:ƵŶͲϮϭ ϭͲ:ƵůͲϮϭ

ZĞ
ƐĞ
ƌǀ
Žŝ
ƌ2s

Žů
Ƶŵ

Ğ2
;D

>Ϳ

%Ğ
ŵ
ĂŶ

Ě2
;>
ͬƐ
Ϳ

:ƵŶĞ2ϯ2Ͳ :ƵůǇ2ϭ͕2ϮϬϮϭ͗2%ĞŵĂŶĚ2ĂŶĚ2ZĞƐĞƌǀŽŝƌ2sŽůƵŵĞ

ϮϬϮϭͲϲϬDŝŶ3ǀĞƌĂŐĞ ϮϬϮϭͲ%ĂŝůǇ3ǀĞƌĂŐĞ pŝŐŚ2�ŽŶĞ2ZĞƐĞƌǀŽŝƌ2sŽůƵŵĞ2;D>Ϳ AŝƌĞ2н2aŵĞƌŐĞŶĐǇ2sŽůƵŵĞ2;D>Ϳ AŝƌĞ2^ƚŽƌĂŐĞ2sŽůƵŵĞ2;D>Ϳ



Ϭ

ϭϬ

ϮϬ

ϯϬ

ϰϬ

ϱϬ

ϲϬ

ϳϬ

ϴϬ

ϵϬ

ϭϬϬ

Ϭ

ϱϬ

ϭϬϬ

ϭϱϬ

ϮϬϬ

ϮϱϬ

ϯϬϬ

ϯϱϬ

ϰϬϬ

ϰϱϬ

ϱϬϬ

ϮͲ:ƵůͲϮϮ ϯͲ:ƵůͲϮϮ ϰͲ:ƵůͲϮϮ ϱͲ:ƵůͲϮϮ ϲͲ:ƵůͲϮϮ ϳͲ:ƵůͲϮϮ ϴͲ:ƵůͲϮϮ ϵͲ:ƵůͲϮϮ ϭϬͲ:ƵůͲϮϮ ϭϭͲ:ƵůͲϮϮ ϭϮͲ:ƵůͲϮϮ ϭϯͲ:ƵůͲϮϮ ϭϰͲ:ƵůͲϮϮ ϭϱͲ:ƵůͲϮϮ ϭϲͲ:ƵůͲϮϮ ϭϳͲ:ƵůͲϮϮ ϭϴͲ:ƵůͲϮϮ ϭϵͲ:ƵůͲϮϮ ϮϬͲ:ƵůͲϮϮ ϮϭͲ:ƵůͲϮϮ ϮϮͲ:ƵůͲϮϮ ϮϯͲ:ƵůͲϮϮ ϮϰͲ:ƵůͲϮϮ ϮϱͲ:ƵůͲϮϮ ϮϲͲ:ƵůͲϮϮ ϮϳͲ:ƵůͲϮϮ ϮϴͲ:ƵůͲϮϮ ϮϵͲ:ƵůͲϮϮ ϯϬͲ:ƵůͲϮϮ
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ͬƐ
Ϳ
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Appendix C 

Multiple Hydrant Scenario Demonstration 



325 L/s 100 L/s

100 L/s

100 L/s

25 L/s

Simulating 1 hydrant flowing at 325 L/s - available pressure
results displayed (psi)

Simulating 4 hydrants flowing at 325 L/s combined - available
pressure results displayed (psi)

413 L/s 113 L/s

100 L/s

100 L/s

100 L/s

245 L/s
100 L/s

100 L/s

45 L/s

Location 1: North Bluff Road and Finlay Street

Location 2: Johnston Road and Pacific Avenue

Location 3: Marine Drive and Finlay Street

Simulating 1 hydrant flowing at 413 L/s - available pressure
results displayed (psi)

Simulating 4 hydrants flowing at 413 L/s combined - available
pressure results displayed (psi)

Simulating 1 hydrant flowing at 245 L/s - available pressure
results displayed (psi)

Simulating 3 hydrants flowing at 245 L/s combined - available
pressure results displayed (psi)

Appendix C: Multiple Hydrant Scenario Demonstration
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