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Executive Summary  

Stone & Arrow was engaged by the City to study water and wastewater infrastructure expansion to 
service growth in Regina, both within the current City Limits and in outlying areas identified for future 
development. The objective of this project is to provide a Serviceability Study to summarize the water and 
wastewater servicing strategies to support growth for future greenfield and intensification developments in 
advance of development. This report is the key project deliverable. 

 

Figure i - Future Land Use Plan  

The Serviceability Study focuses on growth areas for greenfield and intensification development as 
shown in Figure i. The grey area represents existing developed land. The green area shows future 
intensification areas. The brown area represents future greenfield developments for industrial, residential, 
and commercial purposes.  
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A Serviceability Study, similar to a master plan, should be considered a City-wide policy tool to inform the 
City, developers, and other partners of the infrastructure necessary to extend services to support growth 
in line with the goals of the Official Community Plan (OCP), 2013.  

Analysis for the Serviceability Study was focused on an intentionally aggressive development scenario 
beyond the 500,000-population target identified in the OCP based on the project boundary. This focus 
helped with the creation of a long-term vision for City water and wastewater infrastructure. The long-term 
vision will help the City prevent the use of short-term and short-sighted interim solutions to smaller-scale 
development problems. These types of solutions lead to increased operations and maintenance costs 
and increased future development costs for developers and the City. An appropriate and practical long-
term vision for water and wastewater infrastructure, coupled with proactive investment in infrastructure, 
will allow the City flexibility in its planning and financing of long-term infrastructure solutions to support 
growth. Maintaining consistent focus on the long-term vision will provide developers the cost certainty 
required to make new developments viable from a business perspective as Regina grows. 

Three (3) scenarios were evaluated in the models: existing conditions, existing conditions plus 
intensification, and the ultimate scenario. The water and wastewater system responses were evaluated to 
determine the impact of the proposed development on the systems and the associated infrastructure 
required to service the proposed development.  

Based on the analysis and conclusions noted herein, the following recommendations have been prepared 
with the acknowledgement that development of the identified scenarios is expected to take decades and 
that the intent of the Serviceability Study is to provide guidance to the City and developers with respect to 
the water and wastewater infrastructure required to meet the objectives of the OCP, Housing Accelerator 
Fund commitments, and other key guiding policy documents. 

The analysis identified three general themes: 

Existing Level of Service  

�x The City should continue to prioritize rehabilitation of existing infrastructure to maintain and 
improve existing levels of service. Opportunity exists to strategically upsize water and sewer 
mains in support of intensification as part of existing infrastructure replacement programs such as 
the Cast Iron Replacement and Rehabilitation Program.  

Intensification  

�x The existing water and wastewater infrastructure can generally support the immediate 
development of intensification in certain areas without negatively impacting existing levels of 
service. Therefore, the City should prioritize intensification to maximize the use of existing 
infrastructure. Intensification development should be reviewed on a case-by-case basis with its 
impact on the City’s existing infrastructure compared to its overall socio-economic benefit to the 
City. The City’s development standards are conservative and appropriate to adhere to for large 
greenfield developments. Rigidly applying the City’s current development standards to 
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intensification opportunities which are typically smaller and within the current city footprint will 
significantly limit the City’s ability to achieve its intensification target. A case-by-case approach 
within the current city footprint is important to consider. 

Greenfield  

�x Topography in Regina falls from higher in the northeast to lower in the southwest. Our water 
source, the Buffalo Pound Water Treatment Plant (BPWTP) is west of the City and requires 
pumping from west to east and uphill to reach the whole City. The further east the destination for 
the water, the more costly it is to get it there. Our Wastewater Treatment Plant (WWTP) is also 
west of the City which allows our collection system to function largely by gravity to reach the 
McCarthy Boulevard Pump Station (MBPS) which then pumps to the WWTP. 

�x Given the configuration of the water and wastewater systems the biggest opportunity for relatively 
large-scale and cost-efficient greenfield land development is on the west and southwest of the 
current City. Major water and wastewater improvements are required for any greenfield 
development given the configuration of the current systems, but these areas are serviceable with 
water and wastewater in the relatively short-term. 

The total scale of the recommendations is a significant financial investment. Therefore, prior to 
proceeding with any of the recommendations in part or whole, it is recommended that as a next step, the 
City review all of the recommendations and prioritize them in alignment with the City’s objectives.  
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1 Introduction  

The City of Regina (City) is experiencing demand for development in the East, City Centre, and West 
(Northwest, and Southwest) sections of the City. Capacity limitations within the City’s existing water and 
wastewater infrastructure has limited the City’s ability to support growth in multiple sections of the City as 
per the City’s Official Community Plan (OCP).  

The OCP includes policies to support orderly and sustainable long-term growth in Regina. Section 14.19 
of the OCP provides direction on the phasing and financing of new growth and developments. The 
phasing and financing of new growth and development should align with several factors:  

�x Optimization of Existing Services/Amenities 

�x Meeting Intensification Targets 

�x Projected Population and Employment Growth 

�x Provision of New Services and Amenities in Complete Neighborhoods 

�x Contiguous Development 

�x Build-Out of New Growth Areas 

�x Meeting Level of Service Requirements 

�x Balanced Residential and Employment Growth 

�x Financial Capacity of the City 

�x Affordable Land Development 

�x Market Readiness 

To support the policies within the OCP, the City has engaged Stone & Arrow Consulting LP (Stone & 
Arrow) in collaboration with Stantec Consulting Ltd. and Associated Engineering (Sask) Ltd. to provide 
direction on the City’s water and wastewater infrastructure upgrades and expansion to support growth 
through completion of a Water and Wastewater Serviceability Study (Serviceability Study).  

A Serviceability Study, similar to a master plan, should be considered a City-wide policy tool to inform the 
City, developers, and other partners of the infrastructure necessary to extend services to support growth 
in line with the goals of the OCP.  

The Serviceability Study intentionally projects development beyond the 500,000-population target 
identified in the OCP based on the project boundary defined in Section 2.2.1. This is intended to create a 
long-term vision for the City to prevent the use of short-term interim solutions for servicing needs and 
allow the City ultimate flexibility in its planning and financing of long-term infrastructure solutions to 
support growth.  



City of Regina – Water and Wastewater Serviceability Study  

Introduction 
November 13, 2024 

2 

The Serviceability Study is not intended to replace the need for secondary plans and concept plans. 
Secondary plans and concept plans will still need to be completed to confirm land use, urban design, and 
local infrastructure required for specific geographical areas of the City. The Serviceability Study should be 
used to inform the City and developers of the infrastructure required within each secondary plan and or 
concept plan to meet the objectives of the OCP, Housing Accelerator Fund commitments, and other key 
guiding policy documents. 

1.1 Objective  

Stone & Arrow was engaged by the City to provide engineering services for the water and wastewater 
infrastructure expansion to service increased population growth in Regina’s East, City Center, and West. 
The objective of this project is to provide a Serviceability Study to summarize the water and wastewater 
servicing strategies to support growth for future greenfield and intensification developments in Regina’s 
East, City Centre, and West in advance of development. This document represents the Serviceability 
Study.  

The Serviceability Study focuses on growth areas for greenfield and intensification development as 
shown in Figure 1-1. The grey area represents existing developed land, the green area represents future 
intensification areas, and the brown area represents future greenfield development.  

Intensification development refers to construction of new buildings or addition to existing buildings on 
serviced land within existing built areas. Greenfield development refers to development of land that is not 
currently serviced either within or outside of the City. Refer to Section 2.2 for further detail on the 
greenfield and intensification areas. 

The scope of work of the Serviceability Study included: 

�x Reviewing and assessing the existing water distribution system and wastewater system and 
identifying major constraints 

�x Identifying additional demands (water) and flows (wastewater) and the expected system's 
responses to the additional loading 

�x Hydraulic analyses of the systems using the City’s existing WaterCAD and InfoWorks ICM 
models respectively along with model updates 

�x Recommending ultimate development infrastructure improvements 

�x Identifying the financial implications associated with the servicing improvements 
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2 Design Considerations  

As part of this project, Stone & Arrow developed four preliminary technical memos to summarize the 
background information and design criteria to inform the analysis. The following section summarizes the 
preliminary technical memos. A copy of each technical memo has been included in Appendices A through D.  

2.1 Background Information  Review and Gap Analysis  

To complete this assignment, Stone & Arrow compiled, reviewed, and assessed several documents and 
data sources. Further, a gap analysis was completed on the information to identify any gaps that would 
impact the Serviceability Study. The following list summarizes key information that was obtained by Stone 
& Arrow in the completion of this study. For a full list of documents refer to Appendix A for the 
Background Information Review and Gap Analysis Technical Memo.  

�x Water Master Plan, February 2019 

�x Wastewater Master Plan – Phase 1: System Response, prepared by Stantec in June 2019, 
(Stantec, 2019a) 

�x Wastewater Master Plan – Phase 2: System Renewal, prepared by Stantec in June 2019 
(Stantec, 2019b) 

�x Serviceability Study Wastewater Catchment Area and Water Network Expansion for Regina 
North, prepared by Associated Engineering (AE) in March 2023 (AE, 2023) 

�x Northwest Sector Serviceability Study, November 2008 

�x Northeast Serviceability Study, May 2012 

�x Downtown Regional Relief Element Alignment and Configuration Review, prepared by AECOM in 
August 2022 (AECOM, 2022) 

�x Wastewater Capacity Upgrades – South Trunk, Relief Alignment A, Preliminary Drawings, 
prepared by AECOM May 2023 (AECOM, 2023a) 

�x Wastewater Capacity Upgrades – South Trunk, Lakeview Relief Alignment 3, Preliminary 
Drawings, prepared by AECOM in May 2023 (AECOM, 2023b) 

�x The McCarthy Boulevard Pumping Station Upgrade, Record Drawing, prepared by AE in January 
2021 (AE, 2021) 

�x City of Regina High Flow Pump Test, December 2022 

�x The Creeks Wastewater Pumping Station Expansion, Record Drawing, prepared by AE in 
November 2020 (AE, 2020). 

�x City of Regina Creeks Wastewater Pumping Station Expansion – Force Main Twinning, May 2018 

�x City of Regina Creeks Wastewater Pumping Station Expansion Design Brief, May 2019 

�x The Services Agreement in between the City of Regina (CoR) and Global Transportation Hub 
(GTH) Authority, December 2018. 
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�x Aurora Retail Corp. Victoria Avenue East Commercial Corridor Servicing Evaluation, prepared by 
AE in January 2016 (AE, 2016) 

�x Official Community Plan, Fleet Street Business Park, Secondary Plan, Part B.9, published by the 
City of Regina.   

�x Tower Crossing Secondary Plan, OCP – Part B.15, published by the City of Regina. 

�x Coopertown Neighbourhod Plan, OCP – Part B.17, published by the City of Regina. 

�x Westerra Sewage Pumping Station and Forcemain- Design Basis Report, prepared by WSP in 
September 2018 (WSP 2018) 

�x City of Regina Domestic Model Calibration, prepared by Stantec in June 2014 (Stantec, 2014). 

�x The Waterworks and Sewage Works Regulations 

�x Waterworks Design Standard – EPB 501 

�x Sewage Works Design Standard – EBP 503 

�x General Information Design Standard, May 2022 

�x Water Design Standard, May 2022 

�x Wastewater Design Standard, January 2021 

�x City of Regina Downtown Serviceability Study, January 2014 

�x Eastern Pressure Solution Water Supply Main – Design Brief draft, February 2023 

�x Eastern Pressure Solution Redbear Avenue Pumping Station and Reservoirs, August 2023  

�x Design Regina Official Community Plan, 2013 

2.2 Land Use  Plan  

The intent of the land use plan was to establish the project boundary and identify future development of 
areas between existing and or approved developments and the project boundary including intensification 
areas within existing developments. Development of a composite land use plan that clearly defines the 
assumptions for this project allows for informed stakeholder engagement resulting in overall buy-in of the 
proposed plan and reduced pressure from external stakeholders and the development community.  

2.2.1 Project Boundary 

The original study area boundaries have been combined into a single study area as per the 6181 - Water 
and Wastewater Serviceability Study - East, City Center and West Technical Memo provided on July 20, 
2023. The City provided confirmation of the existing developed land and identified lands currently 
approved for development that should be considered. 

Stone & Arrow facilitated Workshop 1 on December 19 from 9:00 AM to 12:00 PM 2024 with the City to 
determine the project boundary and land uses for greenfield development for the Serviceability Study. 
The workshop concluded that the rationale for the Project Boundary, as identified on Figure 2-1, should 
incorporate the following boundaries and built infrastructure: 
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1. Regina Bypass 

2. Joint Planning Area (from Regina’s Official Community Plan, 2013) 

3. City Limits (from OCP, 2013) 

4. Future Long-Term Growth Area (~500K from OCP, 2013) 

5. Original Project Boundary (from RFP) 

2.2.2 Land Use Plan  

Figure 2-1 identifies existing developed land and future land uses for greenfield development for land 
between the existing developed land and the project boundary, as determined in Workshop 1. Future land 
uses were broken down into general categories including residential, commercial, and industrial. The 
future land uses are based on a combination of existing City policy documents and an understanding of 
future development.  

In addition to future land uses for greenfield development, intensification areas were identified to maintain 
consistency with the OCP and Housing Accelerator Fund application commitments. 

A second workshop, Workshop 2, was facilitated by Stone & Arrow on January 22 from 9:00 AM to 12:00 
PM 2024 with the same group. The focus of Workshop 2 was discussion of intensification strategies, 
identification of intensification areas, and assignment of intensification densities to those areas. The 
resulting intensification consensus is shown on Figure 2-1. 

Refer to Table 2-1 below for a summary of the future land uses. 

Table 2-1: Summary of Future Land Uses*  

Land Use Type  Area (Ha) Density  Equivalent Residential Population  

Existing - - 226,000** 

Residential 6,277 50 ppl/ha 314,000 

Commercial 675 65 ppl/ha 39,500 

Industrial  4,991 25 ppl/ha 125,000 

Intensification – Medium 1,591 65 ppl/ha 103,000 

Intensification – High 936 235 ppl/ha 220,000 

Adjustment - - (97,000)*** 

* Adapted from Water Design Standard, September 2023 and Wastewater Design Standard, May 2022 

** 2021 Census data 

*** Adjustment taking the existing population within the intensification into account 

The Equivalent Residential Population column in Table 2-1 above shows the ultimate population at “full 
build out” for each of the land use types. These populations are required as flow generating inputs for the 
water and wastewater modeling and should not be thought of as population targets, but as maximum 
population thresholds for modeling purposes.  
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For the two intensification types, the Equivalent Residential Populations do not account for the actual 
current land uses, only a maximum threshold for modeling purposes for the ultimate population at “full 
build out”. They are not a likely population in the short or medium term and are not a projected population 
increase for the intensification areas. 

The purpose of assigning land use types and population densities to the study area is to provide 
appropriate water and wastewater demand assumptions for the analysis. The proposed land uses are not 
to be considered as assigned land uses per official City of Regina standards or policies. It is understood 
that future land uses may change over time through reviews of the OCP Growth Plan as more detailed 
plans for neighborhoods/employment areas are developed. 
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2.3 Design Criteria  

The design criteria memo summarizes the design standards used in the Serviceability Study. The 
analysis of the water and wastewater systems used the City’s General Information, Water, and 
Wastewater Design Standards unless otherwise noted. 

2.3.1 Design Population  

The design population for all future developments used the Design Population Table identified in the City 
of Regina (City) Water Design Standards, September 2023 and Wastewater Design Standards, May 
2022. In addition to the population tables, two categories of intensification were identified, discussed, and 
confirmed with City of Regina stakeholders at Workshop 2. The intensification design populations are 
intended to represent future population densities within existing areas consistent with the City’s 
intensification goals.   

1. Intensification – Medium 

�x Consistent with “Commercial, Mixed” zoning at a population density of 65 persons/hectare. 

2. Intensification – High  

�x Consistent with “High Rise Residential” zoning at a population density of 235 persons/hectare. 

2.3.2 Water 

2.3.2.1 Design Standards  

The City of Regina Water Design Standards, September 2023, were used in conjunction with the Water 
Master Plan to develop the water model for the “Existing with Intensification System” as well as the 
“Ultimate Water System”. It is assumed that the City of Regina’s Water Design Standards, September 
2023 will apply to all areas within the model, including areas outside of the City limits. 

2.3.2.2 Water  Demand  

The City of Regina Design Standards - September 2023, lists the Average Daily Demand as 390 litres per 
capita per day irrespective of the applicable land use. The Standards do not provide water demands that 
will apply to non residential uses such as commercial and industrial but rather indicates the population 
densities that should be used to calculate the water use.  

The City Water Master Plan Final Report (February 2019, AECOM) considered the water consumption 
records of the City to determine the Average Daily Demand (ADD). The total ADD of 390 Lpcd accounts 
for all water use in the system including the residential, commercial, and industrial uses as well as system 
leakages. The residential ADD was determined as 68% of the total water use through water consumption 
records. It is therefore appropriate to use an Average Daily Demand of 265 Lpcd for residential water use. 

The Water Master Plan Final Report does not explicitly outline water consumption values for non-
residential land uses. However, it was decided to use 175 Lpcd for non-residential land uses to remain 
consistent with the existing City WaterCAD model. 
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In summary, the following water use values were applied to the WaterCAD model for the analysis of the 
serviceability study: 

�x Residential - 265 Lpcd 

�x Commercial, industrial, institutional - 175 Lpcd 

The residential densities for commercial, industrial, and institutional uses were applied to the planned 
areas to calculate the equivalent population. These equivalent populations for the non-residential areas 
were then summed up and a demand of 175 Lpcd was then applied calculate the average day demand. 

The land use density for the institutional land use was increased from 50 ppl/ha to 65 ppl/ha for it to be 
consistent with commercial densities. The water demand for both commercial and industrial is the same 
at 175 Lpcd. The total water demand for commercial, including the University of Regina (institutional) is 
calculated at 88.8 L/s as opposed to 80.05 L/s which is calculated when the commercial and institutional 
densities are separated. This is an increase of 8 L/s of water demand. Therefore, the impact of combining 
the institutional and commercial demands is minimal considering that the total water demand for the 
serviceability plan is approximately 3,000 L/s. 

The capacity required for the future storage reservoirs was determined by utilizing the 390 Lpcd demand 
as set out in the City of Regina Water Design Standards. The per capita water rate of 390 Lpcd was 
applied to the future population projections to calculate the total average day water demand and total 
storage required by multiplying by two as recommended by the Water Security Agency. 

2.3.2.3 Performance Criteria  

The modelling results generated from the different analysis for each scenario were verified to confirm that 
the system operates to the following criteria as set out in the City of Regina Design Standards: 

Velocity: 

�x �”�����������P���V���D�W���3�H�D�N���+�R�X�U���'�H�P�D�Q�G 

�x �”�����������P���V���D�W���3�H�D�N���'�D�\���'�H�P�D�Q�G���S�O�X�V���)�L�U�H���)�O�R�Z 

Supply pressure: 

�x �3�H�D�N���+�R�X�U���'�H�P�D�Q�G���P�D�[�L�P�X�P���D�O�O�R�Z�D�E�O�H���S�U�H�V�V�X�U�H���G�U�R�S���”�������������N�3�D 

�x �3�H�D�N���+�R�X�U���'�H�P�D�Q�G���P�L�Q�L�P�X�P���D�O�O�R�Z�D�E�O�H���S�U�H�V�V�X�U�H���F�R�U�U�H�F�W�H�G���W�R���S�U�R�S�R�V�H�G���J�U�R�X�Q�G���H�O�H�Y�D�W�L�R�Q���•��������������
kPa. 

�x Peak Day Demand minimum allowable residual pressure at any point in the system within 500 m 
�R�I���W�K�H���I�L�U�H���V�L�W�H���X�Q�G�H�U���)�L�U�H���)�O�R�Z���F�R�Q�G�L�W�L�R�Q���F�R�U�U�H�F�W�H�G���W�R���S�U�R�S�R�V�H�G���J�U�R�X�Q�G���H�O�H�Y�D�W�L�R�Q���•�����������N�3�D�� 
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2.3.2.4 Design Fire Flow Criteria  

WaterCAD simulation of the existing City distribution system does indicate some fire flow deficiency 
typically in isolated cases where there are dead end mains or slightly undersized mains from previous 
development. This study viewed fire flow deficiencies at a high level. Although, correcting all fire flow 
deficiencies is beyond the scope of work of this study, we have reviewed the fire flow recommendations 
from the Water Master Plan which states the following: 

Single junctions are more likely to fail for higher levels of fire flow (level 2, 3 & 4) and a closer review is 
required for these areas to determine if the flow can be achieved from multiple hydrants. It is 
recommended the City develop a critical building list and conduct a detailed fire flow review for the single 
junctions not meeting fire flow. The results can then be cross referenced with the review and the findings 
from the WMPS to determine the true level of service condition. Once a detailed evaluation of the fire flow 
is complete and a true level of service obtained, it is recommended that the City incorporate these 
upgrades to the water system through the small and large diameter rehabilitation program.  

We have reviewed the level of fire flow deficiencies whilst completing scenario analysis to ensure that 
recommended solutions improve the level of fire flow service to the City on a whole by reducing the 
number of fire flow deficiencies.  

The analysis assumed that the fire flow would occur concurrently with the peak day demand in the 
system. The minimum fire flow required in the system were incorporated as per the following table. In 
future development areas where residential, institutional and commercial development may be mixed and 
exact location for higher fire flow needs is unknown, we have used a fire flow target of 250 L/s to ensure 
the trunk and feeder mains we have modelled can provide 250 L/s to the area. 

Zoning Designation  
Fire Flow Requirement 

Designation  
Required Minimum 

Fire Flow  

FW, PUD, RU, R1 Level 1 90 L/s 

ML, RN, RL, MH, OA, RH, RMH, DCD-TAN Level 2 150 L/s 

MLM, DCD-D, I, IL, IP, LP, RW, DCD-WH Level 3 250 L/s 

IH Level 4 300 L/s 

2.3.2.5 Validation   

The current WaterCAD model provided by the City was not validated as part of this project. The field 
verification scope was removed as part of the proposal submission as the WaterCAD model was 
previously validated through field verification during the Water Master Plan project in 2019. As recent 
model validation has been completed and the WaterCAD model provides simulated results that are not 
out of the ordinary, the model and its results are generally accepted and suitable for use in this Study. 
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2.3.3 Wastewater  

2.3.3.1 Design Standards  

The City of Regina Wastewater Design Standards, January 2021, were used in conjunction with the 
Wastewater Master Plan to develop the wastewater model for the “Existing with Intensification System” as 
well as the “Ultimate Water System”. It is assumed that the City of Regina’s Wastewater Design 
Standards, January 2021 will apply to all areas within the model, including areas outside of the City limits. 

2.3.3.2 Estimated Wastewater Flows  

�x Average daily wastewater flow used for designing residential, high, and medium intensification 
areas and industrial areas will be 225 Lpcd. Commercial areas will be 454 Lpcd. 

�x A detailed review of the McCarthy Boulevard and Creeks Pump Station’s operating capacities 
were completed as part of the assessment to identify discrepancies within the model. Any major 
discrepancies have been identified as part of the analysis.  

2.3.3.3 Detailed Design  

�x Recommendations will be consistent with the City of Regina’s Wastewater Design Standards, 
May 2024.  

2.3.3.4 Validation  

The current Wastewater model provided by the City was not validated as part of this project. The 
Wastewater model was previously validated through field verification during the Wastewater Master Plan 
project in 2019. As recent model validation has been completed and the Wastewater model provides 
simulated results that are not out of the ordinary, the model and its results are generally accepted and 
suitable for use in this Study. 

2.4 Opportunities and Constraints  

The opportunities and constraints memo identifies high-level and systemic opportunities and constraints 
for future development of the City’s water distribution and wastewater collection infrastructure. These 
considerations guided the detailed modelling and analysis of both systems and are described in detail in 
the following sections.  
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3 Water Distribution System  

The following sections assess the serviceability of the City’s water distribution system to sustain the 
growth identified in this Serviceability Study. Specifically, the sections outline the existing system 
operations, provide a summary of the existing system assessment, outline the established growth 
scenarios and system response, and discuss various servicing sequencing and options, covering aspects 
such as sizing and routing.   

The water distribution system is assessed for three growth scenarios including the existing system, the 
existing system with the addition of residential intensification, and the ultimate scenario which includes 
the existing, intensification, and greenfield development.  

3.1 Existing System Operation  

The City of Regina receives its water supply from the Buffalo Pound Water Treatment Plant (BPWTP) 
through two parallel pipelines. The first supply pipeline, with a diameter of 900 mm was installed in the 
1950s. The second pipeline, installed in stages between 1990 and 2003, has a diameter of 1050 mm. The 
potable water is pumped over 60 km to the City of Regina, where the City’s water storage and distribution 
system stores and distributes potable water to the City’s consumers.   

The City’s water distribution system consists of two pressure zones (the Primary and the North Pressure 
Zone), five existing water storage reservoirs, and three pumping stations. Two additional reservoirs and 
one pumping station are under construction in the City’s northeast and will be called the Redbear Reservoirs 
and Pumping Station. See Figure 3-1: Existing Water Supply and Distribution Network for reference. 

The primary reservoirs for the distribution system are the Pasqua, Northwest, and the future Redbear 
Reservoirs. These reservoirs are and will be used to meet daily demand fluctuations. The Albert Street, Tor 
Hill, and 4th Avenue Reservoirs are secondary reservoirs used only during peak water demands. The 
Northwest and Pasqua Reservoirs are filled from the BPWTP supply pipelines. These reservoirs were built 
in the 1970s and are in good condition. The North Pumping Station transfers water from these two reservoirs 
to the Albert Street Reservoir and the Farrell Pumping Station through a dedicated transfer pipeline. A 
secondary supply system with a dedicated transfer pipeline exists between the Tor Hill Reservoir, 4th 
Avenue Reservoir, and the Farrell Pumping Station. The Tor Hill Reservoir is filled from the distribution 
system while the 4th Avenue Reservoir is filled via the Tor Hill Reservoir. 
 
The Redbear Reservoirs will be filled from the Northwest and Pasqua Reservoirs via transfer by the North 
Pumping Station and a dedicated supply pipeline which is currently under construction. 
 
The Albert Street Reservoir is located in the Sherwood Industrial Park north of Highway No. 11. It was 
constructed in the 1930s for the purpose of well water storage from a well system in the northern aquifer 
located north of the city. The northern aquifer wells and its associated raw water pipeline were abandoned 
many decades ago. The Albert Street Reservoir is currently part of the City’s potable water storage system. 
It is filled from a single pipeline from the North Pumping Station and supplies the Farrell Pumping Station 
for downtown supply during peak demands. 
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The Tor Hill Reservoir is located northeast of the city near the Tor Hill Golf Course. In the past, the city 
supplemented the treated water supply from BPWTP with groundwater obtained from the Boggy Creek well 
field located northeast of the City. However, since twinning of the BPWTP supply line, the City no longer 
uses groundwater as a daily source of potable water. The wells are maintained for emergency purposes 
only. Since wells are no longer used, the Tor Hill Reservoir is not ideally located for existing operations. 
The Tor Hill Reservoir is currently used to supply the 4th Avenue Reservoir by gravity during periods of peak 
demand. 

The 4th Avenue Reservoir is located near the intersection of Ross Avenue and Toronto Street near 
downtown. It is our understanding that the 4th Avenue Reservoir leaks and recent rehabilitation of the 
reservoir was not completely successful in eliminating reservoir leakage. The 4th Avenue Reservoir supplies 
the Farrell Pumping Station but due to the distance from the Farrell Pumping Station and lack of elevation 
difference, the lower volume of the 4th Avenue Reservoir is not useable. 

The distribution of water throughout the city occurs through two pressure zones, the Primary Pressure Zone 
and the North Pressure Zone. The Primary Pressure Zone is currently serviced by the North Pumping 
Station and the Farrell Pumping Station. The North Pumping Station is the City’s primary pumping station 
and operates 24 hours per day. A large diameter trunk main called the “City Loop” (500 mm to 1050 mm in 
diameter) originates at the North Pumping Station and encircles the City mostly along the Ring Road and 
Lewvan Drive. The inner portion of the City Loop or the downtown area is serviced by the Farrell Pumping 
Station which operates only during the daytime hours when demands are higher.  

The east portion of the Primary Pressure Zone has seen significant development over the last decade.  
With the increased water demand in the southeast, this area has experienced deficient pressures compared 
to other areas of the City. To improve water service to the City’s southeast, an Eastern Pressure Solution 
project is currently underway which includes construction of the Redbear Reservoirs and Pumping Station 
in the City’s northeast and a dedicated supply pipeline from the North Pumping Station to the Redbear site. 
Once complete, the Redbear Pumping Station will service the Primary Pressure Zone and will improve 
pressures in the City’s east.  

The North Pressure Zone is currently serviced by the North Zone Pumping Station located on the northwest 
corner of Pasqua Street and 9th Avenue North. The North Zone Pumping Station is fed by gravity from the 
Northwest Reservoir.  

The Redbear Pump Station is located near the boundary of the Primary and North Pressure Zones and as 
such, the Redbear Pump Station can also distribute to the North Pressure Zone as development in the 
City’s northeast progresses. 

The Farrell Pumping Station is located near the corner of Dewdney Avenue and Broad Street. The station 
is fed by the Albert Street Reservoir and the 4th Avenue Reservoir, and it can also be supplied by the North 
Pumping Station. The station is currently used to supplement the North Pumping Station, specifically 
providing service to the City’s downtown during daytime hours when water demands are higher. The Farrell 
Pumping Station is aging and in need of replacement.    

Figure 3-1: Existing Water Supply and Distribution Network illustrates the existing supply and distribution 
system for the City as described above.  
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3.2 Growth Scenarios  

This section summarizes the growth scenarios for the Serviceability Study as approved by the City during 
Workshop 1 and 2. The growth scenarios are not population based (i.e., 300,000; 400,000; 500,000). 
They are based on area of development. This allows the City to strategically plan for areas designated for 
development based on the land use figure. By aligning development with infrastructure needs, the City 
can identify when and what type of infrastructure will be necessary to support the proposed development 
for specific areas.   

The growth scenarios include: 

�x Existing  

�x Existing with intensification  

�x Ultimate scenario  

The equivalent population implication for the growth scenarios is summarized as follows: 

Table 3-1: Growth Scenario and Population  

Growth Scenario  Average Daily Demand (ML/d)  Equivalent population  

Existing  88 226,000 

Existing with Intensification 148 452,000 

Ultimate Scenario 260 767,000 

3.3 Water System Assessment  

This section summarizes the steps taken to assess the water system including:  

�x Existing system model development, hydraulic analysis, and assessment of the existing 
distribution system; including Eastern Pressure Solution  

�x Future system model development, hydraulic analysis of various future scenarios including 
intensification and greenfield development.  

3.3.1 Existing System Scenario Assessment  

This scenario considers the City in its existing state, as well as current upgrades taking place such as the 
Eastern Pressure Solution which will improve the existing system. 

3.3.1.1 Model Development  

The COR-20170517-WMP-Ext_SystemReview.wtg WaterCAD model was used as the basis for the 
analysis for the serviceability study. The updates made to the model are listed below: 

The WaterCAD model received from the City was updated to reflect the current status of the City. These 
updates included the following: 
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�x The model was updated to ensure it reflects the existing City status by comparing it to GIS data 
and all missing watermains added.  

�x The Eastern Pressure Solution (i.e.. the Redbear Pumping Station) was added as it is considered 
existing because it is currently under construction with planned completion by 2026.  

�x Developments with approved concepts, such as the Towns and Eastbrook, were also added to 
the existing scenario model. 

The model was run using reservoirs set at specific Hydraulic Grade Lines (HGL) versus modelling the 
installed pumps at pump stations. Considering that the horizon of the future planning is many decades 
into the future, it can be expected that existing pumps would be ready for replacement or will have 
already been replaced. Utilizing HGL versus pumps is appropriate for future planning assessments such 
that the existing pump capacity does not limit the distribution system results.   

The hydraulic grade line used for each pumping station during the existing system analysis are listed in 
Table 3-2. 

Table 3-2: Hydraulic Grades  

Pump Station  Existing  HGL from WMP  

North Zone 629.1 m 629.13 

North 618.4 m 618.4 

Farrell 617.6 m 617.61 

Redbear 618.4 m 618.4 & 635 North Zone 

3.3.1.2 Existing System Scenarios  

The existing system was updated to reflect current conditions within the City and two scenarios were 
modeled during peak hour and peak day plus fire flow demand. These scenarios include: 

�x Scenario 1: Existing Distribution System without Redbear Pumping Station 

�x Scenario 2: Existing Distribution System with Redbear Pump Station Operational 

Peak hour demand and peak plus fire flow analysis of these scenarios are summarized in the next 
sections. The analysis of these areas is summarized below and illustrated in Figure 3-2 and Figure 3-3. 

3.3.1.3 Hydraulic Analysis  

Scenario 1: Existing System without Redbear Pumping Station 

Hydraulic analysis for this scenario considers the existing distribution system of the City with Farrell, 
North, and North Zone Pumping Station operational and the Redbear Pumping station not operational.  
This is the current operating condition until Redbear Pump Station construction is complete. 

The results from this analysis, as shown in Figure 3-2, illustrate that the eastern region of the City is 
experiencing deficiencies in distribution pressures during the peak hour analysis. Some areas in the 
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South and Downtown are experiencing lower distribution pressures which meet pressure criteria but at a 
lower level of service regarding water pressure.  

Scenario 2: Existing System with Redbear Pump Station 

Hydraulic analysis for this scenario considered the existing distribution system with the addition of the 
Redbear Pump Station as part of the Eastern Pressure Solution Project. With the Redbear Pump Station 
in operation, the peak hour water distribution pressure in the east improves substantially as shown in 
Figure 3-3.  

Peak Hour Analysis Results  

The Peak Hour Analysis completed illustrates the pressure results for the model nodes within four 
different pressure ranges. These ranges are as follows: 

1. <269.4 kPa: All nodes with a pressure rating below 269.4 kPa are illustrated as red nodes. These 
nodes do not meet the minimum pressure requirements and is noted as a deficiency. Water users 
in these areas will notice lower water pressures. 

2. 269.4-280 kPa: All nodes with a pressure rating between 269.4-280 kPa are illustrated as orange 
nodes. These nodes are nearing the minimum pressure requirements but are still acceptable. 
Water users in these areas are likely to notice a lower water pressure more frequently. 

3. 280.0-344.7 kPa: Nodes with a pressure rating in this range are illustrated in blue. These nodes 
are at acceptable pressures within the system but considered a lower level of service. Water 
users in these areas may notice a slightly lower water pressure occasionally. 

4. >344.7 kPa: Nodes with a pressure rating exceeding 344.7 Kpa are noted as acceptable. These 
nodes are not illustrated on the figures. 

 

Table 3-3 summarizes the range of pressures under each of the two scenarios described above. As 
illustrated in the table, Figure 3-2, and Figure 3-3, the addition of the Redbear Pumping Station 
dramatically improves the City’s distribution pressure in the east and southeast.  

Table 3-3: Peak Hour Analysis  

Node Pressure   
kPa (PSI) 

<269.4 kPa 
(<39.1 PSI) 

269.4 – 280 kPa 
(39.1 – 40.6 PSI) 

280.0 – 344.7 kPa 
(40.6 – 50 PSI) 

>344.7 kPa 
(>50 PSI) 

Scenario 1: Existing System Without 
Redbear Pump Station 429 208 1464 2862 

Scenario 2: Existing System with 
Redbear Pump Station 1 1 926 4035 

 
Figure 3-2 and Figure 3-3 illustrate the simulated peak hour pressure results of each of the two scenarios 
above.  
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Fire Flow Analysis Results  

In the existing system, we’ve identified several nodes that experience fire flow deficiencies. Although not 
part of the scope of work to rectify all fire flow deficiencies, suggested water system improvements should 
reduce the number of overall fire flow deficient nodes. Table 3-4 is a summary of the number of fire flow 
deficient nodes in two existing system scenarios. As illustrated, the number of deficient nodes is reduced 
with the addition of the Redbear Pump Station.  

Table 3-4: Fire Flow Results  

Scenario  Total Nodes  Fire Flow Deficient Nodes  

Scenario 1: Existing Water System Without Redbear Pump Station 4963 586 

Scenario 2: Existing Water System with Redbear Pump Station 4963 535 

3.3.1.4 Summary of Existing Water System Assessment  

The existing system analysis illustrates how the City has improved the level of service for the east and 
southeast with the East Pressure Solution Project. Once the Redbear Pump Station is operational, the 
level of service to the east will improve dramatically. However, as development in the east continues and 
water demand in this location increases, pressures will again begin to drop, and the City will require 
additional improvements to maintain the level of service of the water distribution system. 

3.3.2 Existing System Plus Intensification Scenario Assessment  

This growth scenario considers the existing City extents with the Redbear Pump Station active with the 
addition of residential intensification which would require the system to service an increase in population 
of approximately 226,000 persons. The intensification areas are located as shown in Figure 2-1.  

It is important to note that intensification may not occur to the extent shown but that servicing should not 
prohibit growth within proposed intensification areas. The demands used and applied to the model 
illustrate what upgrades are required for the intensification to take place as per the land use.  

It was assumed that the residential intensification within the existing areas will not replace the existing 
population already residing in those areas but rather adjustments to the equivalent population were 
applied in the intensification areas to avoid duplication of water demands added to the model.   

The expected increase in the ADD (ML/d) and the Equivalent Population increase for each of the planned 
intensification areas are summarized in Table 3-5. 

Table 3-5: Intensification P opulation and D emands  

Area of Intensification  Equivalent Population  ADD (ML/d) 

North of Downtown 117,100 10.3 

Downtown 167,500 44.4 

South of Downtown 38,900 31.1 

Adjustment  (97,000) (26) 
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Estimated Increase due to Intensification 226,500 59.8 

The ADD for the City would increase from 88 ML/d to 148 ML/d with the addition of the residential 
intensification. As such, the following sections assess if the water distribution infrastructure will require 
upgrades to manage the increase in demands due to intensification.   

3.3.2.1 Model Updates for Intensification  

The WaterCAD model developed for the existing system scenario including the Redbear Pumping Station 
and the East Bypass Loop, was updated to include residential intensification in areas as identified in 
Figure 2-1. The model updates included the following: 

�x The intensification areas were added into the model as per Figure 2-1.  

�x The demands for the medium and high level of intensification were calculated for various areas.  

�x Existing water demand within intensification areas was retained and the additional demand for the 
area was added to simulate an increased population and water use within the areas.  

3.3.2.2 Intensification Scenarios  

As mentioned above, intensification will result in increased water demands downtown, as well as north, 
south and east of downtown. Below is an assessment of the impact of intensification on the existing 
system and improvements needed to the existing system to support intensification. A total of five 
scenarios were run to assess intensification including: 

�x Hydraulic Analysis of the Existing System with Intensification 

�� Scenario 3: Existing System with Intensification 

�� Scenario 4: East Bypass Loop Added to Existing System 

�x Hydraulic Analysis of the Downtown Distribution System with Intensification 

�� Scenario 5: No Downtown Pump Station  

�� Scenario 6: 4th Avenue Pump Station   

�� Scenario 7: Convert Downtown Supply Mains to Trunk Mains  

Peak hour demand and fire flow analysis of these scenarios are summarized in the next sections. The 
analysis of these areas is summarized below and illustrated in Figure 3-4 to Figure 3-8. 

3.3.2.3 Hydraulic Analysis of the Existing System with Intensification  

Scenario 3: Existing System with Intensification 

To identify the impact of intensification on the existing distribution system, a simulation was run using the 
existing system with Redbear Pump Station in operation under peak hour demands. As illustrated in 
Figure 3-4, intensification causes a reduction in distribution pressures in the southeast even with the 
Redbear Pump Station operational.  
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Scenario 4: East Bypass Loop Solution 

Figure 3-5 illustrates peak hour pressure results of adding an east trunk main along the Regina Bypass 
from the Redbear Pumping Station to Arcola Avenue. The reduction in nodes approaching the pressure 
criteria identifies that an East Bypass Loop is beneficial in providing improved water distribution to the 
southeast. 

Peak Hour Analysis Results  

Table 3-6 summarizes the range of pressures under each of the two scenarios described above. As 
summarized in the table and illustrated in Figure 3-4 and Figure 3-5, the addition of the East Bypass Loop 
in addition to the Redbear Pumping Station dramatically improves the City’s distribution pressure in the 
east and southeast.  

Table 3-6: Peak Hour Analysis of the Existing System with Intensification  

Node Pressure   
kPa (PSI) 

<269.4 kPa 
(<39.1 PSI) 

269.4 – 280 kPa 
(39.1 – 40.6 PSI) 

280.0 – 344.7 kPa 
(40.6 – 50 PSI) 

>344.7 kPa 
(>50 PSI) 

Scenario 3: Existing System with 
Intensification 74 65 1226 3603 

Scenario 4: East Bypass Loop added to 
Existing System 1 0 205 4767 
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Fire Flow Analysis Results  

Table 3-7 is a summary of the fire flow deficient nodes in each of Scenarios 3 and 4.  

Table 3-7: Fire Flow Analysis  of the Existing System with Intensification  

Scenario  Total Nodes  Fire Flow Deficient Nodes  

Scenario 3: Existing System with Intensification 4968 431 

Scenario 4: East Bypass Loop added to Existing System 4973 408 

Summary of Existing System with Intensification  

Based on results in Table 3-6 and Table 3-7, adding the East Bypass Loop improves peak hour pressures 
and reduces the number of deficient nodes during fire flow analysis. As such, the East Bypass Loop is 
recommended to proceed in medium term planning to support intensification and continued development 
in the East. 

3.3.2.4 Hydraulic Analysis of the Downtown System with Intensification  

The Farrell Pump Station is approaching the end of its operational life and the City has commenced 
planning for a new pump station near the 4th Avenue Reservoir as a replacement. However, during the 
Opportunities and Constraints workshop, the City raised concerns that the 4th Avenue Reservoir leaks 
and requires periodic repairs. Given the status of the reservoir and the current construction of Redbear 
Pump Station, the City raised the question if there is a need for a downtown pump station. The following 
sections analyzes the need for a downtown pump station. 

Scenario 5: No Downtown Pump Station 

To assess the need for a downtown pump station, a peak hour simulation was run using the existing 
system with the Redbear Pump Station operational and the East Bypass Loop in place with Farrell 
abandoned. The analysis illustrated in Figure 3-6 indicates a significant reduction in pressures downtown, 
south of downtown, and east of downtown, even with the Redbear Pump Station operational and the East 
Bypass Loop in place. As such, it appears a downtown pressure solution is needed to accommodate 
intensification.  

Scenario 6: 4th Avenue Pump Station  

The first downtown solution considered the system with Redbear Pump Station and the East Bypass 
Loop in place and with a 4th Avenue Pump Station added along with new trunk mains down Winnipeg 
Street, 4th Avenue, and Broad Street connecting to existing trunk mains near the abandoned Farrell 
Pump Station. Under this scenario, the 4th Avenue Reservoir, Tor Hill Reservoir, and the Albert Street 
Reservoir would be maintained and would provide supply to the new 4th Avenue Pump Station. 

The analysis illustrated in Figure 3-7 indicates a significant improvement in pressures downtown, south of 
downtown, and east of downtown. As such, it appears a downtown pump station is a potential solution to 
accommodate intensification.  
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Scenario 7: Convert Downtown Supply Mains to Trunk Mains  

An alternate downtown solution considered improvements needed without a downtown pump station. If 
there is no downtown pump station, the 4th Avenue Reservoir and the supply pipelines from Albert Street 
Reservoir and Tor Hill Reservoir are no longer required to transfer water from the two reservoirs to a 
downtown pump station. This scenario considered repurposing the existing Tor Hill supply pipeline for 
water distribution by connecting it to the RedBear Pumping Station to provide additional pressure 
downtown. In similar fashion, the Albert Street supply pipeline could be repurposed for distribution and 
connected to the City Loop to provide additional water distribution pressure downtown.   

The downside of this scenario would be that the 4th Avenue Reservoir would become abandoned, and 
that storage volume would need to be replaced at Redbear Reservoirs or elsewhere. The Albert Street 
and Tor Hill Reservoirs would no longer supply a downtown pump station and to maintain their use, minor 
supply pipeline modifications are needed to redirect stored water from these reservoirs to the North Pump 
Station and Redbear Pump Station respectively.  

The analysis illustrated in Figure 3-8 indicates that this scenario provides improvement to the downtown 
pressure similar to a downtown pump station and may be an option to accommodate intensification if the 
City prefers to eliminate a downtown pumping station.  

Peak Hour Analysis  Results  

Table 3-8 summarizes the range of pressures under each of the three scenarios described above. As 
illustrated in the table, Figure 3-6, Figure 3-7, and Figure 3-8, a downtown pressure solution is required 
and that solution could be a 4th Avenue Pump Station or the repurposing of the Tor Hill supply and Albert 
Street supply pipelines to provide distribution pressure from RedBear Pump Station and the City loop. 

Table 3-8: Peak Hour Analysis of Downtown Solution  

Node Pressure   
kPa (PSI) 

<269.4 kPa 
(<39.1 PSI) 

269.4 – 280 kPa 
(39.1 – 40.6 PSI) 

280.0 – 344.7 kPa 
(40.6 – 50 PSI) 

>344.7 kPa 
(>50 PSI) 

Scenario 5: No Downtown Pump 
Station 96 372 2302 2202 

Scenario 6: New Downtown Pump 
Station at 4th Avenue 1 0 158 4813 

Scenario 7: Convert Downtown Supply 
Mains to Trunk Mains  1 0 664 4308 
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Fire Flow  Analysis Results  

Table 3-9 is a summary of the fire flow deficient nodes in each of the three downtown scenarios 
considered. As illustrated, the number of deficient nodes is reduced when the downtown is serviced by 
the 4th Avenue Pump Station or the conversion of supply mains to trunk mains.  

Table 3-9: Fire flow Analysis of Downtown Solution  

Scenario  Total Nodes  Fire Flow Deficient Nodes  

Scenario 5: No Downtown Pump Station 4972 454 

Scenario 6: New Downtown Pump Station at 4th Avenue 4972 396 

Scenario 7: Convert Downtown Supply Mains to Trunk Mains  4973 408 

Summary of Downtown System with Intensification  

Based on peak hour and fire flow results in Table 3-8 and Table 3-9, it is evident that a Downtown 
Solution is required to accommodate intensification. Both Scenarios 6: Downtown Pump Station at 4th 
Avenue and Scenario 7: Convert Downtown Supply Mains to Trunk Mains, improve system pressure and 
fire flow results. The scenario recommended may require further technical and financial analysis to 
identify the most suitable solution for the City. 

A 4th Avenue Pump Station as simulated in Scenario 6 would include relatively minimal changes to the 
supply and distribution system as the majority of the supply trunks are already near the 4th Avenue 
Reservoir. The Albert Street and Tor Hill Reservoirs could still supply the new 4th Avenue Pump Station. 
If the 4th Avenue Reservoir is deemed unrepairable, the reservoir could be replaced with a smaller 
underground reservoir with the pump station directly on top of the reservoir reducing the need for 
additional trunks between the 4th Avenue Reservoir and Pump Station. Scenario 6 appears to be the best 
suited solution based on the high-level analysis that has been completed. 

If Scenario 7 is selected as the preferred solution, and a downtown pump station is eliminated from the 
distribution system, the City should be aware the 4th Avenue Reservoir volume is then unusable and the 
volume of storage would need to be replaced elsewhere. To maintain the use of the Albert Street and Tor 
Hill Reservoirs, their supply lines and stored water volume would need to be redirected to the North Pump 
Station and Redbear Pump Station respectively. Once the supply lines have been redirected to the North 
Pump Station and Redbear Pump Station, the supply to downtown could be repurposed, replaced, or 
rehabilitated to serve as a distribution trunk to downtown.  

Internal Pipe Network Upgrades  

The hydraulic analysis conducted to determine if the residential intensification can take place with 
strategic upsizing or upgrades to existing pipeline identified that the upsizing of the cast iron mains on 
Winnipeg Street and Saskatchewan Drive is crucial for the downtown supply. The analysis indicated that 
the water demand for the residential intensification can take place with strategically planned upgrades 
dependent on the size and location of the intensification. 
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3.3.3 Ultimate Scenario Assessment  

The ultimate scenario includes the intensification areas within the City as well as the proposed greenfield 
development (residential, commercial, and industrial development) around the City as shown in Figure 
2-1. The future land use will see the addition of approximately 12,000 hectares of mixed development to 
the City and translates to an equivalent population of approximately 479,000 persons.  

The ultimate scenario considers including upgrades required to maintain a level of service for 
approximately 766,000 persons for the total project area. 

The populations and water demand for the ultimate scenario are tabulated in Table 3-10 below: 

Table 3-10: Ultimate Scenario Population and D emand  

Land Use Type  Area (Ha) Equivalent Residential Population  
Average Day Demand 

(ML/d) 

Existing  226,000* 88 

Residential 6,277 314,000 83 

Commercial 675 40,000 7 

Industrial  4,991 125,000 21 

Intensification – Medium 1,591 103,000 27 

Intensification – High 936 220,000 58 

Adjustment  (97,000)** 26 

Total  14,470 767,000 260 

* 2021 Census data 

** The intensification within the existing areas will not replace the existing population already residing in those 
areas. The existing demands require adjustment to reduce duplication of the demands. 

The future ADD of 260 ML/d is estimated to be approximately three times the existing ADD of 88 ML/d. 
This significant increase in water demand will require that the distribution system be upgraded to manage 
the future needs.  

3.3.3.1 Model Updates for the Ultimate Scenario  

The WaterCAD model, which was updated to reflect the existing conditions as well as the intensification 
as described in the previous section, was further updated to accommodate the proposed ultimate 
scenario. For the ultimate scenario we maintained the use of the 4th Avenue Pump Station for downtown 
service. If a downtown pump station is not pursued and existing supply mains are converted to trunk 
mains for downtown service, results will remain similar. 

The updates to the WaterCAD model included the following:  

�x Greenfield development was added to the model in quarter sections to simplify the analysis of the 
proposed development. The future demand nodes were connected to the existing model by 
extending pipe from the existing model to connect to the future demands.   
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�x The model was skeletonized by adding only 300 mm diameter pipes and larger into the model. 

�x A new west pumping station was included into the model, with two hydraulic grade lines or two 
pumping systems, a lower pressure for the Primary Pressure Zone as well as a higher pressure 
for distribution to the North Pressure Zone, simulating dedicated pumps for each zone. 

�x Similarly, the Redbear Pump Station has been designed with the ability to provide two distribution 
pressures, a lower pressure to the Primary Pressure Zone and a slightly higher pressure to the 
North Pressure Zone. We have equipped the Redbear Pump Station with the same ability to 
provide a lower pumping pressure to the primary pressure and a higher pressure to the North 
Pressure Zone. 

The North Pressure Zone was extended east and south, stopping north of Victoria Avenue and 
Highway No. 1.  

3.3.3.2 Ultimate Scenarios  

The ultimate scenario assessment considers the greenfield development areas around the City and will 
be development driven. Development of this magnitude will take many decades.  Until development in the 
greenfield area begins to increase, the City’s distribution system could likely provide adequate service 
utilizing the North Pump Station, Redbear Pump Station, and 4th Avenue Pump Station for the Primary 
Pressure Zone and the North Zone Pumping Station for the North Pressure Zone. 

At some point in the future when greenfield development continues, an increase in water demands will 
result in the need for additional water storage. At that time, it is recommended that the City consider 
placing water storage reservoirs in the City’s west near 9th Avenue N and the Regina Bypass in close 
proximity to the existing Buffalo Pound Supply System and the boundary of the North Pressure Zone and 
Primary Pressure Zone. With construction of reservoirs in the West, a pump station should also be 
constructed adjacent to the reservoirs with two pumping systems, one for the Primary Pressure Zone and 
one for the North Pressure Zone. 

Placing the future Pump Station and Reservoirs west of the City, adjacent open space will provide the 
City with flexibility in sizing and staging. Comparatively, there is limited space at the North Pump Station 
as well as the North Zone Pump Station to add future reservoir storage. 

With the development of the Redbear Pumping Station in the East and the proposed pumping facility in 
the West, the ultimate scenario proposes a Bypass Loop from the East Bypass Loop that was proposed 
near the onset of intensification and continuing to circle the City along the south portion and west portion 
of the Bypass connecting to the West Pump Station. The Bypass Loop would be interconnected to the 
existing distribution system and City Loop where appropriate to provide a strong interconnected 
distribution network sized suitably to accommodate the growth identified in this study. 

Until such time that the West Reservoirs and Pump Station are constructed, the North Pump Station 
would continue to serve as the primary pump station. As development proceeds in the west, it will be 
necessary to begin construction of the Bypass Loop as well as a trunk main from the North Pump Station, 
west along 9th Avenue N to the Bypass Loop. Then once the West Reservoir and Pump Station is 
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constructed, the North Pump Station could be repurposed as a transfer facility for the sole purpose of 
pumping to the Albert, Redbear, and 4th Avenue Reservoirs. 

Based on the above ultimate system, two ultimate scenarios were simulated to confirm the peak hour 
pressure and fire flow results are acceptable. The two ultimate scenarios considered are: 

�x Scenario 8: Ultimate Scenario with the North Pump Station  

�x Scenario 9: Ultimate Scenario with West Pump Station in lieu of the North Pump Station  

3.3.3.3 Hydraulic Analysis for the Ultimate Scenario  

The hydraulic analysis conducted for the ultimate scenario considered the upgrades required to efficiently 
distribute water to all proposed development areas shown on the land use figure. The two scenarios are 
summarized below: 

Scenario 8:  Ultimate Scenario with the North Pump Station 

Although the ultimate distribution system will include West Reservoirs and a West Pump Station to 
service greenfield development in the west; until such time, the North Pump Station has sufficient 
capacity to service growth in the west portion of the Primary Pressure Zone. The North Zone Pump 
Station would need to accommodate west growth in the North Pressure Zone. Scenario 8 should be 
considered an interim solution to the ultimate system until the West Reservoir and Pump Station is 
developed.   

This scenario assumes that the Bypass Loop is complete, Redbear Pump Station has been upgraded to 
include a pumping system for the North Pressure Zone, and the North Pressure Zone has been extended 
southeast past Victoria Avenue. 

Scenario 9:  Ultimate Scenario with West Pump Station in lieu of the North Pump Station  

Scenario 9 is very similar to Scenario 8 except for the inclusion of a West Pump Station in place of the 
North Pump Station. It is assumed the West Pump Station would have the ability to pump to the Primary 
Pressure Zone and the North Pressure Zone. As such, this scenario has the West, Redbear, and 4th 
Avenue Pump Station servicing the Primary Pressure Zone and the West, North Zone, and Redbear 
Pump Stations servicing the North Pressure Zones.   

Similar to Scenario 8, this scenario assumes the Bypass Loop is complete and the North Pressure Zone 
has been extended southeast past Victoria Avenue. 

The North Pump Station will continue to operate for several decades until such time the City requires 
additional reservoir storage at which point the West Reservoir(s) and Pump Station should be considered.  

Peak Hour Analysis  Results  

Peak hour analysis for Scenario 8 was completed and is included as Figure 3-9. The figure indicates the 
pressure criteria is satisfied in the Primary Pressure Zone but pressures are approaching a lower level of 
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service in the east and south as indicated by the blue nodes. The North Pressure Zone, however, 
appears to have some deficient pressure in the higher elevation of the northwest.  

Peak hour analysis for Scenario 9 was completed and is included as Figure 3-10. The figure indicates the 
pressure criteria is satisfied in the Primary Pressure Zone but pressures are approaching a lower level of 
service in the east and south but also somewhat in the north portion of the Primary Pressure Zone. The 
deficient pressure nodes in the northwest portion of the North Pressure Zone in Scenario 8 are no longer 
deficient with the addition of the West Pumping Station assisting the North Zone and Redbear Pump 
Station for servicing of the North Pressure Zone. 

Table 3-11 summarizes the range of pressures under Scenario 8 and 9 as described above. As illustrated 
in Table 3-11, Figure 3-9, and Figure 3-10: Scenario 9 – Ultimate Scenario with West Pump Station 
Active 

, both scenarios are capable of providing adequate water service. Scenario 9 with the incorporation of the 
West Pump Station provides better pressure results than Scenario 8 with the North Pump Station, but 
Scenario 8 would be capable of providing adequate water service until such time the West Reservoir and 
Pump Station are required and constructed.  

Table 3-11: Peak Hour Analysis of the Ultimate Scenarios  

Node Pressure   
kPa (PSI) 

Pressure 
Zone 

<269.4 kPa 
(<39.1 PSI) 

269.4 – 280 kPa 
(39.1 – 40.6 PSI) 

280.0 – 344.7 kPa 
(40.6 – 50 PSI) 

>344.7 kPa 
(>50 PSI) 

Scenario 8: Ultimate 
Scenario with North Pump 
Station 

Primary 1 0 1111 3325 

North 18 5 397 315 

Scenario 9: Ultimate 
Scenario with West Pump 
Station in lieu of North 
Pump Station 

Primary 1 0 868 3568 

North 2 0 19 715 
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3.3.3.4 Fire Flow Analysis Results for the Ultimate Scenario  

Table 3-12 is a summary of the fire flow deficient nodes in Scenarios 8 and 9. Similar to the peak hour 
analysis, fire flow analysis results illustrate that Scenario 9 provides marginally improved fire flow over 
Scenario 8.  

Table 3-12: Fire Flow Analysis of Ultimate Scenario  

Scenario  Pressure Zone  Total Nodes  Fire Flow Deficient Nodes  

Scenario 8: Ultimate Scenario with North Pump 
Station 

Primary 4437 354 

North 735 49 

Scenario 9: Ultimate with West Pump Station in 
lieu of North Pump Station 

Primary 4437 358 

North 736 37 

3.3.3.5 Summary of the Ultimate Scenario Assessment  

Summary of the ultimate scenario assessment indicates that Scenario 8 is adequate to serve as an 
interim solution while greenfield development occurs and until such time when additional reservoir 
storage is needed, and the West Reservoir and Pump Station are constructed as defined in Scenario 9. 
 
The infrastructure required for the ultimate scenario to function is significant and will require fiscal 
planning and will take several decades to complete.  

3.3.4 Assessment of Reservoir Capacity and Pump ing  Capacity  

3.3.4.1 Additional Reservoir Storage Requirements  

The Water Supply Authority standard for reservoir storage recommends maintaining a minimum storage 
capacity equivalent to twice the ADD. This ensures sufficient water availability even during peak 
consumption periods. 

The city has several water supply reservoirs strategically placed to provide water to users. These 
reservoir capacities are listed in Table 3-12: 
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Table 3-13: Existing R eservoir Storage Capacity  

Reservoir Name  Storage Size (ML) Usable Storage (ML)  

Northwest Storage 45.4 38.2 

Pasqua 22.7 20.1 

Albert street 45.4 43.9 

4th Avenue 45.4 36.5 

Torr Hill 22.7 21.6 

Red Bear 1* 42.5 42.5 

Red Bear 2* 42.5 42.5 

Total  266.6 245.3 

*Reservoirs currently under construction 

The storage capacity in Table 3-13 is sufficient to serve approximately 311,500 individuals with a 
minimum of two days’ worth of storage. 

As part of the Eastern Pressure Solution, three additional reservoirs with a capacity of 50 ML each will be 
constructed at a later stage at the Red Bear pump station. This additional reservoir capacity increases the 
serviceability of the city from 311,000 persons to approximately 506,000 people. 

In the Ultimate Scenario, the City will account for approximately 766,000 persons and would require a 
combined reservoir storage capacity of 527 ML to cater for the water demands of the City. 

Planning for additional reservoir storage will be required prior to the City reaching the 500,000-population 
mark. The additional reservoir storage capacity can be constructed at the West Pump Station. 

3.3.4.2 Pump Station Hydraulic Grades and Capacities  

The City currently operates four pump stations and at the Ultimate Scenario there will be four pump 
stations with the addition of the West Pump Station. The West pump station is suggested for the Ultimate 
Scenario which will supply the Primary Pressure Zone as well as improve deficiencies in the North 
Pressure Zone. These stations operate at different hydraulic grades and capacities. These are 
summarized in Table 3-14.  
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Table 3-14: Pumping Hydraulic Grades and Capacities 

Pump Station  

Existing System  Existing Plus 
Intensification  

Ultimate Scenario  

HGL 
(M) 

HGL 
from 
WMP 

Pumping 
Capacity 

(ML/d) 

HGL 
(M) 

Pumping 
Capacity 

(ML/d) 

HGL 
(M) 

Pumping 
Capacity 

(ML/d) 

North Zone Pump Station 629.1 629.13 35 629.13 35 630 35 

North Pump Station 618.4 618.4 333 621 333 
Decommissioned to 

transfer station 

Redbear Pump Station – Primary 
Zone 618.4 618.4 169 621 169 621 220 

Redbear Pump Station – North 
Zone N/A 635 N/A 632 44 632 50 

Farrell Pump Station 617.6 617.6 118 
Decommissioned and replaced by 4th 

Avenue Pump Station 

4th Avenue Pump Station N/A  N/A 619 150 619 150 

West Pump Station N/A  N/A N/A N/A 621 310 

The above table illustrates the progression in upgrades required to the City’s pumping system for it to 
maintain the acceptable level of service of supply. 

The Redbear Pump Station will require additional pumping upgrades to increase its capacity from 169 
ML/d to 220 ML/d of supply to the Primary Pressure Zone whilst its capacity to the North Pressure Zone 
will be increased from 44 ML/d to 50 ML/d. 

The Farrell Pump Station will be taken out of operation in the short-term considering it is at its end of 
operational life whilst the proposed new 4th Avenue Pump Station will be in operation from the existing 
with intensification scenario.  
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4 Wastewater Collection System  

The following sections assess the serviceability of the City’s wastewater collection system to sustain the 
growth identified in the Serviceability Study. Specifically, the sections outline the existing system 
operations, provide a summary of the system assessment, outline the established growth scenarios and 
system response, and discuss various servicing options, covering aspects such as sizing and routing.   

Three growth scenarios are evaluated: 

1. The existing system,  

2. The existing system with the addition of residential intensification, and  

3. The Ultimate Scenario which includes the existing system, adds intensification, and 
adds planned greenfield development. 

4.1 Existing System Operation  

Regina’s topography is generally sloped from northeast to southwest with elevations varying from 595.0 
m to 570.0 m. Wascana Creek roughly bisects the City and flows from southeast to northwest. The 
existing wastewater treatment plant (WWTP) is located to the west of the City. The wastewater collection 
system of the entire City drains to several major trunks, named Rochdale, Northwest, McCarthy, 7th 
Avenue, 15th Avenue, Wascana, and South Trunk, as shown in Figure 4-2. These major trunks convey 
sewage to McCarthy Boulevard Pump Station (MBPS) which pumps sewage to the WWTP through three 
4.0 km long force mains. The MBPS handles sewage from the majority of the City, except for flows from 
the GTH and Westerra, areas located west of the City, which directly discharge to the forcemains of the 
MBPS via two local lift stations. 

Given its relatively flat topography, the City commonly relies on lift stations to convey sewage from 
neighborhood sewer networks to nearby trunks. Several notable pump stations (PS) are the Creeks, 
Harbour Landing, Westerra, GTH, Glencairn, and Maple Ridge pump stations amongst others shown in 
Figure 4-2.  

4.2 Wastewater System Assessment  

This section summarizes the steps taken to assess the wastewater system including:  

�x Existing system model development, hydraulic analysis, and assessment of the existing collection 
system; including South Trunk and Creeks PS upgrades. 

�x Future system model development, hydraulic analysis of various future scenarios including 
intensification and greenfield development.  
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4.2.1 Model Development  

Stone & Arrow updated the InfoWorks ICM model (North_Study_Wastewater_Final 20230330.icmt 
Version 10) with the following recently issued drawings: 

�x The south trunk twinning was added to the model using preliminary drawings issued in May 2023 
(AECOM, 2023). This proposed trunk system will run parallel to the existing South Trunk system 
and will be connected to the existing south trunk system at two locations. The proposed system 
will be extended to the Lakeview neighborhood where it will be connected to the exiting sewer 
system at about ten locations. These upgrades included south trunk from MBPS to Regina 
Avenue and Lakeview neighborhood upgrades. This did not include Harbour Landing Pump 
Station Forcemain extension. The extension of upgrades added to the model are shown in Figure 
4-2. 

�x The Creeks Pump Station was upgraded using record drawings (AE, 2020). Three additional 
pumps were added to the system having capacity identical to the existing pump. No change to 
the real time control (RTC) system as set in the ICM model was done to this pump station.  

After reviewing the existing wastewater model obtained from the City, it was observed that the model 
incorporates the following recent upgrades: 

�x Recently constructed 10,606 m3 of storage at Creeks PS (AE, 2020) was captured in the model. 
In addition, the forcemain of these PS was found twinned. 

�x Recent upgrades to the MBPS (AE, 2021) captured in the model with having 5 pumps in the 
primary pump station and two pumps in the secondary station. It was observed in the ICM model 
that MBPS including secondary station can convey about is about 650 ML/day (or 7.50 m3/sec).  

�x The GTH pump station was incorporated into the model at the location shown in Services 
Agreement between the City and GTH Authority. 

4.2.2 Existing System  Scenario  Assessment  

Existing system deficiencies are tabulated in  

Table 4-1 and shown in Figure 4-3 and Figure 4-4 for DWF and WWF, respectively. The deficiencies were 
assessed based on the computed depths of the hydraulic grade line (HGL) at every manhole throughout 
the City. Nodes are grouped into three categories based on the computed depths of the HGL at that 
node:  

1. Flooding Nodes 

�x HGL above ground 

�x When the HGL at a manhole is above the rim elevation, it represents street flooding 

�x Shown in red on figures 
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2. Surcharging Nodes 

�x HGL < 1.83 m below surface 

�x When the HGL at a manhole is less than 1.83 m (6 ft) deep below the rim elevation, it poses a 
risk of basement flooding near that location given the typical depth of basements 

�x Shown in yellow on figures 

3. Acceptable Nodes 

�x HGL > 1.83 m below surface 

�x Manholes with HGLs deeper than 1.83 m are considered acceptable 

�x Not shown on the figures 

The system deficiencies were also quantified by assessing the total flood volumes that escaped the 
model during the design events, either from manholes or from system outfalls representing direct 
releases to the environment. The final deficiency assessment criterion was the peak flow rate in the 
conduit immediately upstream of the MBPS, the most crucial conveyance bottleneck in the City’s 
wastewater collection system. 

The node counts for each category, flooding volumes and peak flows at MBPS are shown in Table 4-1 for 
quantitative comparison of system performance in different scenarios. The computational nodes on force 
mains are excluded from these counts because the HGL on an active force main is necessarily high but 
does not represent surcharging or flooding at those locations. Note that  

Table 4-1 also includes other scenarios and alternatives which are discussed in the following sections of 
the report. 

No flooded nodes were observed during the DWF scenario. Although HGLs were found less than 1.83 m 
deep in 140 nodes, 113 of these nodes were found to be associated with pipes with inverts less than 1.83 
m deep. Therefore, the sanitary sewer system has sufficient capacity for DWF under existing conditions in 
most areas within the City.  

For WWF, a substantial number of surcharging and flooding nodes were observed. These deficiencies 
were caused by a combination of several factors such as inadequate capacity of local pump stations, 
undersized local sewers, or undersized trunks. Capacity deficiencies were observed at downstream 
reaches of the 7th Avenue and South Trunk systems and at upstream reaches of the McCarthy Trunk 
system. The other trunks were found having sufficient capacity. 

The peak flow rates at a conduit (GIS ID 19995) immediately upstream of the MBPS are presented in 
Table 4-1 and the full hydrographs are shown in Figure 4-1 for all scenarios. The computed flow rates are 
1.12 m3/s and 6.90 m3/s, respectively, for DWF and WWF scenarios, for existing conditions. This 
indicates that the MBPS has capacity for the peak WWF under existing conditions when all seven pumps 
are running.  

It is important to note that the flooded nodes attenuate peak flow rates as sewage comes out from the 
system and comes back when the node is no longer flooded. In reality, the sewage from flooded nodes 
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may be intercepted by the nearby catch basins, reducing the peak flow rate to the sanitary system. 
However, this transfer of flows from the wastewater collection system to the storm system is not captured 
in the model. All wastewater is assumed to flow back in through the flooded nodes unless the node is 
specifically identified as an outfall. 

Table 4-1 Performance Assessment of Upgrades Scenarios  

Scenarios  
Flooding 

Nodes  
Surcharging 

Nodes  
Acceptable 

Nodes  

Total Flood 
Volumes 

(m3) 

Peak Flow 
at MBPS 

(m3/s) 

Existing Condition – DWF 0 140 13,266 0 1.12 

Existing Condition – WWF 229 869 12,308 5,107 6.90 

Existing plus Intensification without 
Upgrades – DWF 0 146 13,260 0 2.39 

Existing plus Intensification without 
Upgrades – WWF  281 1,205 11,920 6,360 7.17 

Ultimate without Upgrades – DWF 8 172 13,226 1,185 2.76 

Ultimate without Upgrades – WWF 367 1,601 11,438 22,448 7.0 

Ultimate with Upgrades Option 1 – 
DWF 0 144 13,262 0 3.07 

Ultimate with Upgrades Option 1 – 
WWF 224 816 12,366 5,288 7.0 

Ultimate with Upgrades Option 2 – 
DWF 0 144 13,262 0 3.02 

Ultimate with Upgrades Option 2 – 
WWF 185 750 12,471 4,049 7.0 

Ultimate with Storage Tunnel along 
Railway Corridor – DWF 8 172 13,226 1,185 2.8 

Ultimate with Storage Tunnel along 
Railway Corridor – WWF 313 1,156 11,937 20,343 6.84 
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Figure 4-1: Flow Hydrographs before MBPS  
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4.2.3 Growth Scenario Development  

4.2.3.1 Sewage Generation  Rates 

This study considers two growth scenarios beyond the existing built footprint: intensification within the 
existing City footprint and greenfield developments located on currently undeveloped areas.  

The intensification areas are located within the City’s existing development footprint as shown in Figure 
2-1. The population numbers in the intensification areas were increased at each lot to match the densities 
mentioned in Table 2-1. However, when existing population at a specific lot was found greater than the 
computed intensification population, the existing population number was conservatively retained. This 
adjustment increased the total population in the intensification areas to about 323,000. A residential 
sewage generation rate of 225 L/cap/day was applied to both high and medium intensification areas. No 
changes to the groundwater infiltration (GWI) or base flow and rainfall derived inflow and infiltration (RDII) 
parameters were made in intensification areas since GWI and RDII parameters in these areas were 
calibrated previously (Stantec 2014).  

The greenfield areas are the proposed developments that will be located at the outskirts of the existing 
City development footprint, as shown in Figure 2-1. These areas include residential, commercial, and 
industrial land uses. The total residential population in greenfield areas is about 314,000 as mentioned in 
Table 2-1. Existing developments observed in the base ICM model inside the greenfield area boundaries 
were conservatively retained in the DWF calculation. The future DWF from the greenfield developments 
were added to the existing DWF from these developments.  

The GWI contribution for the greenfield areas was computed using 6,200 L/ha/day rate per calibration 
report (Stantec 2014). For RDII estimation, the RTK hydrograph “New Development Separated” (R1 = 
0.022, T1 = 1.0, K1 = 23) was applied. The diurnal patterns used in the residential and 
commercial/industrial areas are shown in Figure 4-5. In the InfoWorks ICM model, the diurnal patterns 
account for the peaking factor and vary in between residential and commercial/industrial land uses.  

The WWF model applied a 1:25-year, 24-hour rainfall event with Chicago Distribution. The rainfall 
distribution peaks at 7:30 am, which coincides with the peak of the diurnal pattern as shown in Figure 4-6. 

The contributing area for the RDII calculation was assumed conservatively as total area for all land uses 
including industrial areas since the actual density of pipe network is not known at this stage. Although 
industrial areas may have a sparse sewer network and RDII may be overestimated based on this 
assumption, industrial areas may also have trade flows or wastewater generated from internal process 
systems which was not accounted for in this assessment.     

4.2.3.2 Collection System  in Greenfield  Areas  

The LiDAR for the greenfield areas was provided by the City and was applied in developing sewer 
network in these areas. For areas not covered by the LiDAR, open-source elevation data obtained from 
NASA’s Shuttle Radar Topography Mission (SRTM) was used. The conceptual collection system was 
created using only pipe sizes greater than or equal to 300 mm diameter. The collection system was 
restricted to a minimum slope of 0.1% and minimum cover of 2.64 m. A lift station was proposed when the 
depth of the sewer main exceeded 8.0 m as it is typically cost prohibitive to construct sewer mains below 
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this depth. The land use polygons of greenfield areas were split and connected to the collection system at 
suitable locations. 

  

Figure 4-5: Diurnal Patterns applied in Greenfield Areas (a) Residential (b) Commercial/Industrial  
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Figure 4-6: 1:25-Year, 24-Hour Rainfall Event  

4.2.4 Existing System Plus  Intensification Scenario  Assessment  

The Intensification Scenario was assessed first without including greenfield developments. The impact on 
the wastewater collection system is shown in Figure 4-7 and Figure 4-8 for DWF and WWF scenarios, 
respectively. The number of surcharging and flooding nodes is summarized in Table 4-1. The impact of 
intensification was found significant in the downtown areas including North Central, Warehouse District, 
Eastview, Downtown, and Core areas. For the WWF scenario, the intensification increased the number of 
surcharged (yellow) nodes by 336 and flooded nodes (red) by 52 mostly in central areas above what was 
modeled for the existing system without intensification applied to it. Intensification in the downtown area 
also caused overflow to the Garnet Street location as most south portion of the downtown area discharge 
through the Wascana Trunk that is connected to the Garnet Street overflow system.  

The intensification north and south of the downtown areas did not cause any notable impact on sewer 
system in terms of number of surcharged and flooded nodes and overflow volumes. This is because 
intensification increases DWF only and not RDII since intensification only applies to existing developed 
areas. It is important to note that the City’s calibrated ICM model shows the RDII component to be 
approximately two to six times greater than DWF component.  

The peak flow rates immediately upstream of the MBPS were mostly unaffected by the intensification for 
the WWF scenario, as presented in Table 4-1. A temporary spike in flow rate was noticed which was 
possibly caused by pump operation. For the DWF scenario, the peak flow rate increased to 2.39 m3/s 
from 1.12 m3/s because of increased sewage generation from the increased population.  
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