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EXECUTIVE SUMMARY 

 
Stormwater runoff generated in the majority of the region east of the City of Calgary up to and including 

the Town of Strathmore (the Study Area), flows naturally towards the Western Irrigation District’s (WID) 

irrigation infrastructure including the main canal system. Managing water quality, including controlling 

nutrient loadings to meet WID irrigation standards in stormwater runoff from existing urban land 

development has proven to be a challenge. Runoff from rural areas also contributes to nutrient loading in 

the irrigation system and ultimately the receiving water bodies. Further urban development projected 

over the next 25 years will continue to put pressure on the irrigation infrastructure. 

 

The Cooperative Stormwater Management Initiative (CSMI) is currently comprised of the following 

partners: City of Calgary (Calgary), Rocky View County (RVC), Town of Strathmore (Strathmore), 

Wheatland County (WC) and Western Irrigation District (WID). CSMI strives to create a regional 

stormwater solution that achieves the following objectives: 

• Resolve existing flooding issues, 

• Provide an adequate outlet for future and some existing developments,  

• Maintain the integrity and water quality of the WID irrigation system, 

• Protect the water quality and riparian health of Weed Lake, 

• Mitigate potential downstream impacts along the smaller intermediate streams. 

 

The Engineering Assessment of Preferred Stormwater Management Options1 (Planning Study) was 

completed in 2014 and recommended an out-of-canal stormwater management (SWM) alternative. This 

involves urban stormwater runoff being intercepted and conveyed via a designated channel system 

separate from the WID irrigation main canal system.  In 2015, the Water Balance and Stream Erosion 

Analysis2 (Water Balance Analysis) was prepared to quantify potential downstream impacts and level of 

mitigation measures needed to accommodate future development through the out-of-canal alternative.   

 

Conclusions from these previous studies were utilized in the modelling and stage development analyses, 

including development requirements of a unit area release rate (UARR) of 0.8 L/s/ha and a volume control 

 

1 CSMI Engineering Assessment of Preferred Stormwater Management Options, MPE, 2014 
2 CSMI Water Balance and Stream Erosion Analysis, MPE, 2015 
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target (VCT) of 40 mm/year. Through further consideration and discussion, it was decided that new 

development areas downstream of Weed Lake will adhere to a greater VCT of 129 mm/year. 

 

STAGING 
 
One of the advantages of the out-of-canal solution, as per the Planning Study, is the ability to stage 

construction. This staging allows the CSMI System to advance in parallel with urban development.  CSMI 

stages include: 

• Stage 1: 

o South – Chestermere Lake Bypass 

o North – Conrich Outlet 

o East – West Strathmore Underdrain 

• Stage 2: 

o South – Parallel to A Canal 

o North – Parallel to B Canal 

o East – Bazant Drain Improvements 

• Stage 3: 

o South – Langdon Ditch Upgrades 

o North – Parallel to South Branch B 

• Stage 4: Weed Lake Improvements 

• Stage 5: Constructed Wetlands; and Hartell Coulee and Serviceberry Creek Improvements 

 

Staging order and estimated timing has been based on growth rates within each development area, 

opportunity to reduce impacts to the irrigation system and effort to minimize increased interim 

development storage requirements. 

 

OBJECTIVES 
 
This modelling and stage development study will examine the design flows and considerations for CSMI 

stages in order to provide an acceptable outlet throughout the 25-year development horizon. The 

objectives of this modelling and stage development study are to: 

• Define ultimate design flow rates for CSMI infrastructure and finalize the ultimate system 

conveyance capacity, 
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• Analyze impacts in the 25-year development scenario including: 

o Future Weed Lake conditions, 

o Erosion protection works needed downstream of Weed Lake to manage increases in 

erosive flows. 

• Examine on-site (development) storage requirements versus downstream constraints after each 

Stage is constructed. Impacts to future development will be examined based on the staging 

assumptions, 

• Consider the impacts of climate change on the CSMI System and future development. 

 
APPROACH 
 
The following models and analyses have been created and examined for the CSMI stage scenarios: 

1. Hydrology Models: Single event and continuous simulation hydrology models were created 

representing a 1:100 year, 24-hour storm event and a 50-year simulation respectively for 

developments as well as the entire CSMI region. 

2. Water Balance Model: A spreadsheet based model was developed specifically for the CSMI 

Region. This model is used to examine the following two measures: 

a) Water Quality Model: Used to analyze the water quality in Weed Lake using a mass 

balance approach. 

b) Stream Impact Assessment: Assessment and prediction of the resulting downstream 

impacts due to increased discharges from the CSMI system. 

3. Climate Change Analysis: Single event and continuous simulation hydrology models have also 

been developed to understand the potential long-term risks associated with climate change.  

 
HYDROLOGY MODELS 
 
PCSWMM software was used for the hydrology modelling.  An Existing Conditions Model and a 25-Year 

CSMI Model were analyzed to determine ultimate design flow rates and ensure an adequate outlet is 

achieved with no negative impacts to downstream infrastructure.  Hydrology models were also used to 

analyze operational restrictions that occur to maintain the integrity of the irrigation system during the 

early CSMI stages.  These operational considerations are: 

• Off-Season Release 

• Restricted Continuous Release 

• Ultimate Continuous Release 
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Separate approaches and analysis were completed for the South, North and East Systems, resulting in on-

site storage implications as well as risks to the downstream irrigation infrastructure. Multiple options were 

concluded and discussed by the partners to determine a reasonable and acceptable solution for both the 

WID and the municipalities. 

 

WATER BALANCE MODEL 
 
In 2015, a water balance, water quality and stream erosion models were created in order to analyze 

downstream effects of the CSMI System.  The model calculates the water balance using a daily time step 

and incorporates a water quality module for Weed Lake and an erosion impact assessment module for 

Hartell Coulee and Serviceberry Creek utilizing the Erosion Potential Index Method.   

 

The model was also updated with current data such as development projections, and to allow for a 

percentage of development to be incorporated that represents each stage of CSMI. These percentages 

impact each development area in the model, as well as the Langdon wastewater treatment plant flows.  

 

CLIMATE CHANGE ANALYSIS 
 
Climate change is considered a risk to the CSMI System as well as the developments upstream of the 

points of custody. In a stormwater conveyance system such as CSMI, the potential implication of climate 

change is an increase in runoff beyond the future design flows and system capacity. This potential increase 

in runoff can be accommodated by utilizing one of the following two strategies: 

1. Expand the CSMI conveyance system downstream of the points of custody. 

2. Increase on-site storage to maintain the existing release rate targets. 

 

The impacts of these solutions have been analyzed using two modelling approaches: 

1. Single Event Climate Change Analysis: This involved altering the City of Calgary intensity duration 

frequency (CC IDF) curve for the 1:100 year return period and evaluating results. 

2. Continuous Simulation Sensitivity Analysis: This involved adjusting the existing rainfall, 

temperature and evaporation data sets using monthly factors, which simulate climate change. 
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CONCLUSIONS 
 
The following conclusions have been drawn from the various analyses: 

• Table 1 shows a summary of total design flows for both the 25-year and full build-out scenarios 

in each piece of CSMI infrastructure. 

 

Table 1: Calculated Design Flow Summary (Without Climate Change) 

System Infrastructure 

Flow (m³/s) 

25-Year Development 
Horizon 

Full Build-Out 
Scenario 

North 

Stage 1 3.4 4.3 

Stage 2 3.4 4.3 

Stage 3 6.7 4.3 

South 

Stage 1 1.8 1.9 

Stage 2 (Upstream A Canal) 1.8 1.9 

Stage 2 (A Canal Underdrain and 
Downstream) 

2.1 2.5 

Stage 3 2.8 2.5 

East Stage 1 and 2 3.9 - 

 

• It is determined that the full build-out flow rates should govern the design for the CSMI 

infrastructure with the exception of the East System. This provides opportunity to service the 

region that will continue to develop beyond 25 years.  

• The hydrology models conclude that the Weed Lake water levels will remain within the design 

HWL of 1,000.15 m in the 25-year development scenario. 

• Weed Lake Total Phosphorus levels steadily decrease as development increases throughout the 

stages of CSMI, with the full 25-year scenario producing a decrease of approximately 35%. 

• Weed Lake Salinity levels decrease significantly as soon as the CSMI areas (which were not 

previously contributing to the Lake) are connected.  These levels then increase slightly until the 

full 25-year scenario is reached, which results in an overall decrease of approximately 34%. 

• The Erosion Potential Index (EPI) has been calculated at various points downstream of Weed Lake 

without any erosion protection measures. An EPI of greater than one indicates an increase in 
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erosion potential. These values gradually increase as development progresses and result in the 

following after the entire 25-year development is complete: 

o An EPI of 4.4 along the Weed Lake Ditch, 

o The highest EPI of 5.7 near the intersection of Hartell Coulee and Highway 1, 

o An EPI of 2.7 in Hartell Coulee near its confluence with Serviceberry Creek, 

o An EPI of 1.2 in Serviceberry Creek near its confluence with the Rosebud River. 

 

• Table 2 provides the 1:100 year active storage requirements for the ultimate continuous release 

scenario of a development with a UARR of 0.8 L/s/ha (after Stage 3 is complete).  

 

Table 2: Ultimate Continuous Release Scenario 1:100 Year Active Storage 

VCT Land Use 
Active Storage 

(m³/ha) 

40 mm/year 
Residential 562 

Commercial/Industrial 729 

129 mm/year 
Residential 692 

Commercial/Industrial 898 

 

• Increases in active storage requirements have been calculated for the off-season release 

condition after Stage 1 is completed for both the North and the South Systems (Table 3). 

 

Table 3: Off-Season Active Volume Increases from Continuous Release 

Scenario South System North System 

Industrial Fall Only 137% 118% 

Industrial Fall and Spring 116% 119% 

Residential Fall Only 134% 116% 

Residential Fall and Spring 100% 102% 

• Capacity restrictions apply for the South System until the completion of Stage 3. There are three 

scenarios that are possible during this time: 
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o Provide the ultimate continuous release of 0.8 L/s/ha after Stage 2 is constructed and 

allow excess to overflow into A Canal. This option will cause approximately one to two 

overflow events per year into A Canal.  

o Maintain off-season release until Stage 3 is fully constructed.  This option requires a larger 

maximum development area to be restricted to the Langdon Ditch capacity, and 

therefore, active storage requirements increase substantially compared to the off-season 

release scenario prior to Stage 2. 

o Provide a restricted continuous release after Stage 2, minimizing overflow into canal and 

active volume required for developments. 

• Continuous release in the North System is limited by acceptable amounts of stormwater conveyed 

through South Branch B during irrigation season.  

o Flow proportions have been calculated for the full continuous release scenario as well as 

an off-season release scenario designed with overflow occurring in the 1:5 and 1:20 year 

storm events.   

• The percent that active storage volume and flow increases for the two climate change options 

have been calculated for both the single event and continuous simulation analyses (Table 4). 

 

Table 4: Climate Change Results - Percent Increases 

Option Single Event 
Continuous 
Simulation 

Land Development Ponds 
Active Storage Volume 

Industrial - 22% 
Residential - 8% 

Industrial - 15% 
Residential - 9% 

CSMI Infrastructure 
Design Flow 

56% - 200% 0% - 75% 

  

DISCUSSION 

Some conclusions from this report have been discussed by the CSMI partners in order to determine a 

reasonable compromise between all parties involved. 

 

• Climate Change Design Options: Ultimately, the CSMI municipal partners have agreed that the 

appropriate way to handle the increased runoff due to climate change is to upgrade on-site 

designs to maintain the proposed release rates from developments. 
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• Acceptable Interim Release Conditions: With upgraded active storage volume on-site to 

accommodate climate change, the frequency of possible overflow into the irrigation canals has 

been considered acceptable by the WID. 

 

Table 5 shows a summary of the storage requirements for each stage and release option explored in the 

analyses. These values are based on the modelling assumptions and analysis that have been described in 

the report. However, developers must follow applicable planning processes, design assumption standards 

and policies recommended by CSMI to confirm actual volumes required for each unique site, which will 

be included in the CSMI stormwater design guidelines. 
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Table 5: Storage Requirements Summary 

South System  
(RVC - East Janet and West Janet 

City of Calgary - Belvedere) 

Industrial Residential 

Storage 
Requirements 

(m³/ha) 

Increase above 
Ultimate 

Continuous 
Release 

Storage 
Requirements 

(m³/ha) 

Increase above 
Ultimate 

Continuous 
Release 

Stage 
Constructed 

Release Condition VCT 40 mm/year 

Current Zero Release >1,727 - >1,313 - 

Stage 1 
Off-Season Release 

(1:100 Year) 
1,727 137% 1,313 134% 

Stage 2 

Off-Season Release 
(1:100 Year) 

1,917 174% 1,713 205% 

Restricted 
Continuous Release  

(1:100 Year) 
1,028 41% 753 34% 

Restricted 
Continuous Release2 

(1:47 Year Industrial) 
(1:41 year 

Residential) 

892 22% 612 9% 

Stage 3-5 
Ultimate Continuous 

Release 
729 - 562 - 

North System  
(RVC - Conrich and Omni) 

VCT 40 mm/year 

Current Zero Release >1,587 - >1,213 - 

Stage 1 
Off-Season Release 

(1:100 Year) 
1,587 118% 1,213 116% 

Stage 2 

Off-Season Release 
(1:100 Year) 

1,587 118% 1,213 116% 

Off-Season Release2 
(1:26 Year) 

892 
(≈ 1,278 

drawdown 
volume) 

75% 

612 
(≈ 984 

drawdown 
volume) 

75% 

Stage 3-5 
Ultimate Continuous 

Release 
729 - 562 - 

East System  
(Wheatland County and Town of 

Strathmore) 
VCT 129 mm/year 

Stage 3-5 
Ultimate Continuous 

Release 
898 - 692 - 

1. Rows shown in grey are options explored in the analyses but not preferred by CSMI partners. 
2. Scenarios utilize active storage sized to accommodate climate change for an interim stage. 
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RECOMMENDATIONS 

The recommendations resulting from the analysis, conclusions and discussion of this report are as follows: 

• Utilize the full build-out design flows for the conveyance system in Stages 1–3, as per Table 1. 

• Implement an operations program that will facilitate off-season release in the spring and fall. 

• Restrict the flows through the B Canal underdrain (Stage 1–East) to avoid negatively impacting 

the Bazant Drain downstream. 

• The future stormwater management ponds should account for the increased runoff and peak flow 

due to climate change within the municipal developments in order to accommodate the interim 

conditions and restrictions, while following typical wet pond design guidelines and maintaining 

CSMI targets (UARR and VCTs).  

• Utilize an off-season release through to the complete construction of Stage 2. 

• Between completion of Stage 2 and Stage 3, utilize on-site storages sized for climate change under 

the ultimate continuous release conditions to minimize overflows or mixing with the WID system 

during interim conditions.   

o South – Utilize a restricted continuous release. 

o North -Utilize an off-season release with outflows occurring at a return frequency of less 

than 1:100 year. 

• The analysis of the operation of the stormwater ponds through Stage 3 benefits from a pond sized 

for climate change prior to increased runoff due to climate change becoming a reality. 

• Pond volumes have been based on a number of development assumptions. Actual volumes for 

future development will be subject to change based on specific and respective design 

configurations.  It is recommended that stormwater design guidelines be established for the CSMI 

Region in order to provide consistency in the design methodology of CSMI developments that 

would include, but are not limited to: 

o Target UARR for all stages of CSMI. 

o Types of models and simulations to be used in design. 

o Modelling boundary conditions. 

o Hydrometric inputs and assumptions. 

o Operational and interim system considerations. 

o LID modelling guidance. 
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1 

1.0 INTRODUCTION 

 

1.1 Background 

1.1.1 Current Conditions 

Stormwater runoff generated in the majority of the region east of the City of Calgary up to and including 

the Town of Strathmore (the Study Area), flows naturally towards the Western Irrigation District’s (WID) 

infrastructure including the main canal system. Managing water quality, including controlling nutrient 

loadings to meet the WID irrigation standards in stormwater runoff from existing urban land development 

has proven to be a challenge. Runoff from rural areas also contributes to nutrient loading in the irrigation 

system and ultimately the receiving water bodies. Further urban development projected over the next 25 

years will continue to put pressure on the irrigation infrastructure. 

 

Many existing developments within the Study Area also experience flooding issues. These areas often rely 

on zero-release facilities, which have had varied success in the past.  To alleviate flooding concerns, 

emergency releases have been permitted into the WID canals on a case-by-case basis. A sustainable 

stormwater solution is necessary to provide an adequate stormwater outlet (for existing and future 

developments), while protecting the irrigation infrastructure. 

 

1.1.2 Previous Work 

In late 2011, municipal partners and the WID ascertained that there was a need to undertake a 

collaborative process to develop a sustainable stormwater management solution for the region. Thus, the 

Cooperative Stormwater Management Initiative (CSMI) was formed. CSMI is currently comprised of the 

following partners:  

• City of Calgary (Calgary), 

• Rocky View County (RVC),  

• Town of Strathmore (Strathmore),  

• Wheatland County (WC), 

• Western Irrigation District (WID). 

CSMI strives to create a regional stormwater solution that achieves the following objectives: 

• Resolve existing flooding issues, 

• Provide an adequate outlet for future and some existing developments,  
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• Maintain the integrity and water quality of the WID irrigation system, 

• Protect the water quality and riparian health of Weed Lake, 

• Mitigate potential downstream impacts along the smaller intermediate streams. 

 

The Engineering Assessment of Preferred Stormwater Management Options1 (Planning Study) was 

completed in 2014 and recommended an out-of-canal stormwater management (SWM) alternative. This 

involves urban stormwater runoff being intercepted and conveyed via a designated system, separate from 

the WID irrigation main canal system.   

 

In 2015, the Water Balance and Stream Erosion Analysis2 (Water Balance Analysis) was prepared to 

quantify potential downstream impacts and level of mitigation measures needed to accommodate future 

development through the out-of-canal alternative. Conclusions from these previous studies were utilized 

in the modelling and stage development analyses, including development requirements of a unit area 

release rate (UARR) of 0.8 L/s/ha for the 1:100 year return period, a volume control target (VCT) of 40 

mm/year upstream of Weed Lake and 129 mm/year downstream of Weed Lake. VCTs should be calculated 

on a theoretical average annual basis. 

 

1.1.3 Proposed Alignment 

The CSMI infrastructure west of Weed Lake consists of two separate out of canal conveyance channels 

(North and South System), both discharging stormwater runoff into Weed Lake. The North System 

includes conveyance infrastructure that will be utilized by the existing and future development areas 

within RVC (Conrich and Omni). The South System will convey existing and future development runoff 

from RVC (Janet) and Calgary (Belvedere).   

 

Downstream of Weed Lake the runoff will be conveyed to Serviceberry Creek via the Weed Lake Ditch and 

Hartell Coulee, with improvements made as needed to accommodate increased flow and volume.  The 

Hamlet of Langdon stormwater ponds and infrastructure will release directly into Weed Lake, and 

Wheatland County developments will release into Hartell Coulee. 

 

 

1 CSMI Engineering Assessment of Preferred Stormwater Management Options, MPE, 2014 
2 CSMI Water Balance and Stream Erosion Analysis, MPE, 2015 
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The East System is comprised of a natural drainage course, which will be reestablished using an underdrain 

at its intersection with B Canal and upgraded where capacity or erosion is a concern.  This will convey 

stormwater from the west portion of Strathmore through the Bazant Drain to Serviceberry Creek.  

 

1.1.4 CSMI Stages 

One of the advantages of the out-of-canal solution, as per the Planning Study, is the ability to stage 

construction. This staging allows the CSMI System to advance in conjunction with urban development.  

CSMI stages include: 

• Stage 1: 

o South – Chestermere Lake Bypass 

o North – Conrich Outlet 

o East – West Strathmore Underdrain 

• Stage 2: 

o South – Parallel to A Canal 

o North – Parallel to B Canal 

o East – Bazant Drain Improvements 

• Stage 3: 

o South – Langdon Ditch Upgrades 

o North – Parallel to South Branch B 

• Stage 4: Weed Lake Improvements, which may include: 

o Outlet structure upgrades, 

o Inlet culvert upgrades, 

o Methods to increase circulation, 

o Other wetland enhancement opportunities. 

• Stage 5: Constructed Wetlands; and Hartell Coulee and Serviceberry Creek Improvements 

 

The proposed infrastructure alignments and stages are illustrated in Figure 1.1. 
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1.2 Study Objectives 

This modelling and stage development study will examine the design flows and considerations for the 

CSMI stages to provide an acceptable outlet throughout the 25-year development horizon. The objectives 

of this modelling and stage development study are to: 

• Define ultimate design flow rates for CSMI infrastructure and finalize the ultimate system 

conveyance capacity, 

• Analyze impacts in the 25-year development scenario including: 

o Future Weed Lake conditions. 

o Erosion protection works needed downstream of Weed Lake to manage increases in 

erosive flows. 

• Examine on-site (development) storage requirements versus downstream constraints, after each 

Stage is constructed. Impacts to future development will be examined based on the staging 

assumptions, 

• Consider the impacts of climate change on the CSMI System and future development. 

 

1.3 Staging Assumptions 

One of the key principles of CSMI is that urban development within each municipality will fund 

construction of the CSMI System by collecting levies. With the added benefit of alleviating historical 

flooding concerns, CSMI has acquired various grants, which will allow CSMI to proceed with the design 

and construction of Stage 1. Once Stage 1 is complete, developments will be able to start releasing 

stormwater into the CSMI System. As further development occurs, additional levies will be collected, 

which will be applied to future stages. 

 

Stages 2 to 5 will be constructed when the appropriate amount of development has occurred, and 

consequently, adequate funds have been collected. For the purposes of the staging analyses, it is assumed 

that levies collected in all municipalities will fund the next stage of CSMI, regardless of what stage and 

where development occurs. It is also assumed that a Stage is not constructed until all funds for that 

infrastructure are available, while construction opportunities may be advanced if a portion of funds are 

available. Funding and cost contributions will be outlined in various CSMI agreements. 
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The out-of-canal solution provides staging opportunities as its construction starts upstream closest to 

development.  As a result, each stage is subject to downstream limitations until the subsequent stage is 

complete. The following provides a summary of the service conditions and limitations associated with 

each stage. Note the conditions and limitations identified for each stage will apply until that stage is fully 

constructed and operational: 

• Stage 1 – South:  

o Service Condition: Off-season release discharging into A Canal, then to Langdon Ditch. 

Off-season refers to the timeframe when the WID infrastructure is not being used for 

irrigation before winter freeze up and following the spring melt (generally October and 

April). 

o Interim Limitation: Capacity of Langdon Ditch during the off-season release. 

• Stage 1 – North: 

o Service Condition: Off-season release discharging into C Canal. Off-season refers to the 

timeframe when the WID infrastructure is not being used for irrigation before winter 

freeze up and following the spring melt (generally October and April). 

o Interim Limitation: None during the off-season release. 

• Stage 1 – East: 

o Service Condition: Continuous release. 

o Interim Limitation: Restricted flow through the underdrain to ensure no negative impact 

to wetlands and the conveyance system downstream.  

• Stage 2 – South: 

o Service Condition: Multiple options considered, see Section 5.3.2. 

o Interim Limitation: Capacity of Langdon Ditch. 

• Stage 2 – North: 

o Service Condition: Multiple options considered, see Section 5.3.3. 

o Interim Limitation: Minimize mixed water through South Branch B (a mix of irrigation 

supply and stormwater runoff). 

• Stage 2 – East: 

o Service Condition: Continuous release. 

o Interim Limitation: None. Once Stage 2 – East is complete the system will operate as per 

the ultimate design intent. 

• Stage 3 – South: 

o Service Condition: Continuous release. 

o Interim Limitation: None. Once Stage 3 – South is complete the system will operate as per 

the ultimate design intent. 

• Stage 3 – North: 

o Service Condition: Continuous release. 

o Interim Limitation: Not Applicable. Once Stage 3 – North is complete, the system will 

operate as per the ultimate design intent. 
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• Stage 4: 

o Service Condition: Continuous release. 

o Interim Limitation: Not Applicable. 

• Stage 5: 

o Service Condition: Continuous release. 

o Interim Limitation: Not Applicable. 

Approved grants will help fund the design and construction of Stage 1 (South, North and East). Future 

stages will be prioritized to achieve continuous release out of the developments as soon as possible. This 

continuous release will typically reduce the amount of onsite storage required within the developments, 

and reduce the risk of overflows into the WID.  

 
The following staging order is assumed for the purpose of this report: 

1. Stage 1 – South 

2. Stage 1 – North and East 

3. Stage 2 – South 

4. Stage 2 – North 

5. Stage 3 – North and Stage 2 – East 

6. Stage 3 – South 

7. Stage 4 

8. Stage 5 

 
Assuming development within each municipality occurs at a consistent rate, percentages of development 

were calculated to equal the amount needed to fund each stage (Table 1.1). Costs used for these 

calculations are based on the construction estimates from Technical Memorandum 013 less the currently 

approved grants. Since the grants will cover a large portion of Stage 1 costs, only the reimbursement for 

the municipality’s contributions to the Stage 1 infrastructure was included in the assumptions summarized 

in Table 1.1. This contribution was added to the development percentage for Stage 2 – South as this is the 

next planned stage to be constructed. 

 

 

  

 

3 Technical Memorandum 01, CSMI Preliminary Design and Costing, MPE, April 9, 2019. 
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Table 1.1: Staging Assumptions 

Stage 
Stage 2    
– South 

Stage 2       
– North 

Stage 3 – North 
& Stage 2 – 

East 

Stage 3     
– South 

Stage 4 Stage 5 

Land 
Development 

Percentage 
11.8% 13.6% 14.5% 14.8% 6.2% 39.1% 

Approximate 
Completion Year 

2025 2028-2029 2031 2035 2036 2045 

 

The completion year shown in Table 1.1 is approximate, and is dependent on various assumptions to 

complete each stage. There are other potential scenarios that will cause components of future 

infrastructure to be required earlier than planned. Costs are also subject to change over time based on 

regulatory requirements, and further landowner engagement and negotiations. In addition, other grant 

opportunities may be introduced. Varying assumptions and their impact to the overall CSMI schedule will 

be dealt with over time on a case-by-case basis.  However, for the purposes of this study, the above 

assumptions are utilized in the modelling and stage development analysis. 

 
1.3.1 Development Horizon 

CSMI will service future land development areas in the region well beyond a typical planning horizon. In 

order to define the system infrastructure requirements, a 25-year development time horizon was selected 

based on the following principles: 

1. 25 years is a realistic timeframe to establish levies consistent with a typical life of an Area 

Structure Plan or an asset, 

2. 25 years is a practical timeframe to plan for and predict future development, 

3. 25 years is reasonable as stormwater management continues to evolve towards treating 

stormwater as a resource, rather than a liability.  This may change the infrastructure requirements 

and approaches in the future. 

This 25-year development horizon is used primarily to estimate the amount of development that will pay 

for the CSMI infrastructure. However, options for establishing actual design flows are reviewed further in 

Section 2.2. 
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1.4 Approach 

The approach to the analyses has been developed to determine the 25-year release conditions and 

stormwater conveyance requirements. As well, the analysis examined the multiple interim stages and 

operational conditions for the CSMI System. Various hydrology and water balance models have been 

created and analyzed for the CSMI stage scenarios. 

 

1.4.1 Modelling 

The following models have been completed to analyze existing conditions and future CSMI Stages: 

1. Hydrology Models: Single event and continuous simulation hydrology models were created in 

PCSWMM to represent a 1:100 year, 24-hour storm event and a 50-year continuous simulation 

period, respectively. Single event models have the advantage of generating 1:100 year flows 

relatively quickly. However, continuous simulation models can accommodate the joint probability 

of antecedent moisture conditions and historical precipitation data to generate flows for a range 

of return periods. Results from these two models were compared to confirm the most suitable 

design flows for infrastructure sizing. Single event and continuous simulation hydrology models 

have been created for the following: 

a) Land Development Models: Typical development parcels for both residential and 

commercial/industrial land uses were modelled to determine storage requirements within 

municipal developments, as well as peak flows and release volumes.  

b) CSMI Region Models: The entire CSMI Region was modelled to produce design flows and 

subsequent downstream impacts. Scaled unit hydrograph outputs from the Land 

Development Models were used to simulate flows entering the CSMI infrastructure from 

future land development within the municipality growth regions. 

 

2. Water Balance Model: A spreadsheet-based model using a daily time step was developed 

specifically for the CSMI Region, which incorporates runoff from rural, existing and future land 

development areas, as well as irrigation return flows and wastewater treatment plant discharges. 

Proposed constructed wetland areas were also incorporated into the model. This model is used 

to examine the following two objectives: 

• Water Quality Model: Used to analyze the water quality in Weed Lake using a mass 

balance approach. 
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• Stream Impact Assessment: Assessment and prediction of the resulting downstream 

impacts due to increased discharges from the CSMI System. 

The water balance model was originally developed for the Water Balance Analysis (MPE 2015). 

Details such as model setup and parameters can be found in that report.  The model has been 

updated to examine the interim CSMI stages and the 25-year development scenario, as well as to 

reflect updated projected development areas, or other model input changes that have been 

identified since the 2015 analysis.  

 

3. Climate Change Sensitivity Analysis: Single event and continuous simulation hydrology models 

have also been developed to understand the potential long-term risks associated with climate 

change. This involved comparing the expansion of the CSMI System downstream versus increasing 

on-site (development) storage to accommodate the potential impacts of the assumed climate 

change scenario. 

 

1.4.2 CSMI Stage Scenarios 

As the CSMI System is built, each stage will have operational considerations such as restrictions on the 

stormwater flows due to interim outlet locations and conditions. These considerations have been 

analyzed to determine the design criteria during each stage.  To meet the objectives of this study, the 

CSMI System is split up into the following scenarios: 

1. Existing Conditions: Includes existing development and rural catchments, which will be 

intercepted by the future municipal and CSMI infrastructure, main irrigation canals or receiving 

streams.  This scenario was developed as a base model to use as a comparison with the future 

scenarios. 

2. 25-Year CSMI: This scenario superimposed the 25-year land development projections at the 

recommended ultimate release rates and volume control targets as well as incorporated the CSMI 

infrastructure once fully constructed. This allowed the CSMI System to be sized and downstream 

constraints and impacts to be evaluated. 

3. Off-Season Release: Typical developments were analyzed to determine on-site storage 

requirements according to restrictions that will be incorporated in the early stages of CSMI (when 

a continuous outlet is not available during the irrigation season). 

4. Restricted Continuous Release: This explores the on-site storage requirements due to a restricted 

continuous release (during irrigation season) prior to completion of Stage 3 infrastructure.  
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Restricted continuous release implies that the land development areas will release at a lower rate 

than the ultimate continuous CSMI design UARR.  This will occur when using the existing WID 

infrastructure such as the smaller delivery channels or drainage systems. 

 

1.5 Report Outline 

The following sections of this report present the approach in detail and the associated results and 

discussion: 

• Section 2.0: Modelling and operational assumptions, 

• Section 3.0: Model development, input data and model calibrations, 

• Section 4.0: Model analysis for existing conditions and 25-Year build-out, 

• Section 5.0: Interim stage hydrology, which considered achieving and adequate outlet with 

additional downstream constraints, 

• Section 6.0: Water balance, water quality and erosion impacts in downstream infrastructure,  

• Section 7.0: Climate change sensitivity analysis exploring how to best manage the potential 

impacts of climate change, 

• Section 8.0: Conclusions, 

• Section 9.0: Discussion, 

• Section 10.0: Recommendations, 

• Section 11.0: References.  
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2.0 MODELLING AND OPERATIONAL ASSUMPTIONS 
 

2.1 Development Areas 

Projected land development areas were updated from the previous studies to reflect recent planning 

assumptions.  Each municipality confirmed their predicted growth rates and subsequent development areas 

as well as land use composition, which is divided into Urban Residential, Country Residential and 

Commercial/Industrial. Table 2.1 shows a summary of the 25-year development areas used to estimate 

infrastructure sizing and assess downstream impacts. Figure 2.1 shows the existing developed areas, the 25-

year development areas as well as the full build-out of the current Area Structure Plan (ASP) areas.  Exact 

locations of 25-year developments are unknown, but they are shown in relation to the ultimate full build-out 

areas. 

 

Table 2.1: Development Area Assumptions 

Land Development 
Area Land Use 

25-Year Growth 
Assumptions (ha) 

City of Calgary 

Belvedere 
Commercial/Industrial 40 

Urban Residential 410 

Subtotal 450 

Rocky View County 

Conrich 

Industrial 1,474 

Country Residential 117 

Urban Residential 686 

West Janet Industrial 567 

East Janet Industrial 418 

Omni Commercial/Industrial 272 

Langdon Urban Residential 431 

Subtotal 3,965 

Town of Strathmore 

West Strathmore Urban Residential 107 

Subtotal 107 

Wheatland County 

Wheatland Industrial Industrial 330 

Cheadle Urban Residential 34 

Subtotal 364 

TOTAL 4,886 
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Country residential areas in the region have not been included in the CSMI development areas. Some 

examples of these developments were analyzed in the Planning Study, and it was determined that 

discharge characteristics from country residential developments are similar to rural catchments. In 

addition to this, these developments (existing and future) will likely not be directly connected to CSMI, 

therefore would need to demonstrate no negative impact to their downstream drainage courses, which 

would in turn cause no negative impact to CSMI. 

 

2.2 Design Flow Criteria 

Each stage of the CSMI System must accommodate (at a minimum) the 25-year development area as 

described in Section 2.1. However, design flows were generated using two sets of criteria: 

1. 25-year criteria: Includes a 1:100 year return period  from the projected CSMI Region with the 25-

year future development built-out and controlled to a UARR of 0.8 L/s/ha (includes existing 

development and rural flows both within and outside of ASP boundaries). 

2. Full build-out criteria: Includes full build-out of the current ASP areas, utilizing the recommended 

UARR of 0.8 L/s/ha for a 1: 100 year return period. 

 

When designing the CSMI conveyance infrastructure, both design criteria should be considered.  Although 

the current CSMI regional stormwater strategy represents a 25-year plan, it is widely understood that 

development within the Region will expand well beyond 25 years. Therefore, it is important to cross-

reference the 25-year design flows with full build-out flows. Each section of conveyance infrastructure 

may accommodate different criteria depending on the ability to increase capacity in the future, if 

required. For further detail on design flow criteria see Section 4.3. 

 

There are existing (developed) areas that also contribute flow to the CSMI System. The following existing 

developments are accounted for in each design criteria: 

• Conrich: The majority of existing Conrich development primarily contains Country Residential 

areas. Therefore, this forms part of the contributing rural area within the 25-year criteria and 

transitions to a UARR of 0.8 L/s/ha with the full build-out criteria (which is considered 

conservative). The Canadian National Railway (CN Rail) site is an existing industrial development 

within Conrich. Currently, the site is designed as a zero-release development, however it is 

assumed that once CSMI is built, it will contribute according to the design criteria. 
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• West Janet: Currently, West Janet utilizes zero-release facilities as part of their stormwater 

strategy. It is assumed that West Janet will have an outfall connected to the CSMI System, which 

will accept flows at a controlled rate of 0.8 L/s/ha. This assumption remains consistent in both the 

25-year and the full build-out design criteria. 

 

• Langdon: The Town of Langdon is a residential community adjacent to Weed Lake. Existing 

stormwater systems in this community are conveyed to a ditch system, which ultimately discharge 

into the south end of Weed Lake.  

 

With no CSMI conveyance infrastructure required to accommodate Langdon, a release rate higher 

than 0.8 L/s/ha is considered for future developments; however, a volume control target of 40 

mm/year is still required. For the future Langdon development areas, a land development model 

has been created representing a release rate of 1.65 L/s/ha for this analysis, as previously agreed 

to by Weed Lake stakeholders. 

 

• West Chestermere: This is an existing urban development approximately 420 ha in size with an 

active stormwater system. Because of this active system that is currently in a continuous release 

scenario, flow is discharged during most storm events. This discharge currently utilizes the existing 

Rainbow Falls Underdrain, and ultimately Chestermere Lake as its outlet. The peak flow rate and 

average annual volume released from this area derived from the PCSWMM models are 1.3 m³/s 

and 74 mm/year, respectively. 

 

This existing West Chestermere system will be intercepted by CSMI as Stage 1 – South, which will 

connect to the existing Rainbow Falls infrastructure. An outfall to the WID system will be 

maintained for peak flow events. For this analysis, a vault is assumed to split the outlet flow 

between Chestermere Lake and the CSMI System. This vault: 

o Ensures that the West Chestermere peak flow from a 1:100 year storm event will continue 

to enter Chestermere Lake.  

o Allows West Chestermere runoff from small storm events to enter the CSMI system. 
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2.3 Operational Considerations and Assumptions 

2.3.1 Irrigation Flows 

Irrigation flows were accounted for in the previous water balance model to determine volumes and 

simulate total flows through the main canals as well as return flows from the minor delivery canals.  The 

Water Balance Analysis describes how these flows were determined for the 50-year continuous 

simulation. Upgrades to several lateral canals are also planned by the WID in the future, which involve 

piping the irrigation flows and improving delivery efficiency. This will reduce the return flows included in 

the CSMI models, which has been accounted for in the future stages and included in the water balance 

model.   

 

2.3.2 Off-Season Release 

Off-season release from stormwater facilities was assumed to be permitted for a duration of one month 

in the spring prior to irrigation season (April) and one month in the fall after irrigation season (October). 

In reality, the length of time available will depend on when freezing occurs after the irrigation season ends 

and timing of the spring snow melt.   

 

2.3.3 Weed Lake 

The Weed Lake depth storage curve and outlet discharge relationships from the Weed Lake Rehabilitation 

Project (MPE, 2002), were used in the models. The Weed Lake Full Supply Level (FSL) elevation is 999.5 m, 

while the HWL is 1,000.15 m.  Runoff enters Weed Lake from two locations in the existing scenario; via 

the Langdon Ditch alignment on the west edge and through the culvert under Highway 560 on the south 

edge.  In addition to these locations, the CSMI System will also enter Weed Lake through an inlet on the 

north edge near South Branch B Canal. 

 

The outlet of Weed Lake consists of a 5 m wide overshot weir, which is designed such that the weir can 

be lowered to maintain water levels close to the NWL while increasing the outflow of the lake. The weir 

can remain in a fixed position or be automatically lowered as the lake levels increase to optimize the 

outflow capacity of the lake outlet. In the Existing Conditions scenario, the Weed Lake weir was assumed 

to remain in the highest position. This is the recommended operation during irrigation season, which is 

typically when high peak events would occur. However, automation of the weir is fully utilized in the 25-

year CSMI scenario to optimize the outlet capacity and help keep maximum water levels under the 

designed HWL.  
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Also included in the models are assumed flows entering Weed Lake from the existing and future upgraded 

Langdon Wastewater Treatment Plant (WWTP).  The existing WWTP average daily volume is 

approximately 2,000 m³/day, while the volume has been assumed to increase over the next 25 years to 

8,000 m³/day. 
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3.0 BASE HYDROLOGY MODEL DEVELOPMENT 

 

3.1 Overview 

The hydrology models have been developed to estimate timing and extent of peak flow rates, average 

annual volumes and spill event frequency at numerous locations across the entire CSMI Region.  PCSWMM 

version 5.1.012 was used to simulate the system.  This software is commonly used for this type of analysis 

because of its ability to: 

• Model urban development in detail, including stormwater Low Impact Development (LID) 

Practices and Best Management Practices (BMPs), which are utilized to achieve the UARR and 

volume control targets, 

• Simulate soil water balance for rural areas using a double layered Green Ampt equation, 

• Model complex controls such as movable weirs and off-season release conditions. 

 

All existing and future areas contributing stormwater runoff to Weed Lake, Hartell Coulee and the affected 

areas of Serviceberry Creek were incorporated. This includes existing catchments draining to B Canal and 

South Branch B as these overflow into the downstream end of Hartell Coulee at its underdrain locations. 

B Canal irrigation flows were included to estimate the existing and future overflows of the Hartell Coulee 

Underdrain and Bazant spillway infrastructure more accurately.  Figure 3.1 shows the extent of the 

catchment area analyzed in this model. The Study Area was split into West and East models at the Hartell 

Coulee Underdrain location to reduce the size of the models. 
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3.1.1 Existing Conditions Models 

In the West Existing Conditions Region Model, runoff from most of the catchments were either directed 

into the WID canals via natural drainage paths and Chestermere Lake, or collected as part of the natural 

catchments of Weed Lake and Hartell Coulee. The East Existing Conditions Model includes natural 

drainage courses that collect flows from north and west of Strathmore and spill into the WID Canals and 

Serviceberry Creek. 

 

3.1.2 25-Year CSMI Models 

The 25-Year CSMI Models were developed by adding the proposed conveyance infrastructure as well as 

future residential and commercial/industrial land development areas within the CSMI Region to the 

Existing Conditions Region Models. 

 

3.1.3 Model Simulations 

Single event storms are a common approach for designing stormwater systems, using the different 

durations depending on size and type of system being considered. Continuous simulation analysis is 

another approach to estimate peak flows from a catchment area.  This has the advantage of combining 

the joint probability of soil moisture and rainfall event magnitude, and the influence of multiple day 

events. This is particularly relevant for larger stormwater systems covering rural catchments. 

 

Models were created and analyzed using both the 1:100 year, 24-hour single event and 50 year continuous 

simulation. The results are compared to understand the impacts of a singular large storm event verses the 

magnitude of  events over a 50-year period.  

 

3.2 Climate Data 

3.2.1 Single Event 

A 1:100 year, 24-hour storm event is used to estimate the design flow in the CSMI System and to assess 

the performance of the existing downstream infrastructure. The Huff and Chicago rainfall distributions 

were utilized in the modelling. Storm events were applied uniformly across the Study Area with no aerial 

reduction factor applied to the rainfall hyetograph. The models were run for multiple day durations to 

ensure all runoff was conveyed through the system, as this typically takes longer than 24 hours after the 

rain event. Figure 3.2 shows a comparison between the Huff and Chicago distribution storms. 
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Figure 3.2: Huff Distribution vs. Chicago Distribution 

 

The maximum rainfall in the Chicago distribution is significantly higher than the Huff; however, both 

distributions apply the same rainfall depth over the event duration. The Chicago storm is a common storm 

approach that is utilized to calculate flow rates off urban catchments of various sizes. The Huff distribution 

storm is reflective of longer duration events, which produce critical runoff patterns from larger rural 

catchments. Total precipitation from both of these 1:100 year storms is approximately 90 mm. 

 

3.2.2 Continuous Simulation 

The continuous simulation analyses uses 50 years of data from the Calgary International Airport (YYC) 

Station between 1960-2009 for precipitation, temperature and evapotranspiration. Hourly precipitation 

data was used, while daily data was used for temperature and evapotranspiration. It is generally 

understood that locations east of the City of Calgary experience a slightly lower historical annual 

precipitation; however, rainfall intensities are similar. The YYC data has been utilized over the entire area 

for the purposes of this study, even though this may result in a slightly conservative estimate. Evaporation 

is set to occur only when there is no precipitation, and potential evapotranspiration (PET) was converted 

to lake evaporation (using a factor of 0.72) for the storage nodes. Typical snow pack and melt parameters 

were used for all catchments.  

 

0

20

40

60

80

100

120

140

160

180

12:00:00 AM 12:00:00 PM 12:00:00 AM

R
ai

n
fa

ll 
(m

m
/h

r)

Chicago Storm

Huff Storm



Cooperative Stormwater Management Initiative                                                        CSMI Modelling and Stage Development - FINAL 

 
 

22 

3.3 Rural Hydrology 

3.3.1 Approach 

There are several ways to directly simulate the pervious surface hydrology and water balance of soil layers 

in PCSWMM; one is using a single layer Green Ampt equation tied to the groundwater routine for each 

catchment, and the other involves using the double layered Green Ampt equation that is built into the LID 

module. For a study area as large as the CSMI Region, the groundwater routine is much more challenging 

as the parameters cannot be altered globally and it is difficult to set up a model for both a single event 

and a continuous simulation analysis.   

 

The double layer Green Ampt equation was chosen for this project and parameters were set to achieve 

runoff characteristics that are representative of the region. This involves runoff being conveyed overland 

as well as through the sublayers once it has infiltrated into the upper soil layer. In a single event analysis, 

the soil should reflect antecedent moisture conditions at the start of the simulation. It is likely that the 

1:100 year storm event will either occur during spring melt or in late May to early July, which are typically 

the wettest times of the year.  Therefore, it was assumed that the moisture condition of the soil layer is 

approximately 60% saturated (between wilting point and field capacity).  

 

3.3.2 Stream Flow Gauge Analysis 

Model parameters were developed to ensure the single event and continuous simulation models 

represented the actual runoff response from rural catchments in the region. Stream gauge data was 

analyzed in order to identify the runoff volume that could be expected from a 1:100 year single event 

storm. The following stream gauge locations shown in Table 3.1 were selected as catchments that should 

exhibit similar runoff characteristics to the CSMI Region.  

 

Table 3.1: Stream Flow Gauge Characteristics 

Station Name Station ID 
Effective Catchment 

Area (km²) 
General Location 

Rosebud 05CE006 642 Northwest CSMI Catchment 

Nose Creek 05BH003 746 West of CSMI Catchment 

Three Hills 05CE018 138 North of CSMI Catchment 

Meadow Creek 05AB029 130 South of CSMI Catchment 

Prairie Blood 05AD035 214 South of CSMI Catchment 
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A 1:100 year, 24-hour flood event typically takes numerous days to run off from a large rural catchment. 

The maximum annual volume for durations of three to 20 days were calculated from the recorded stream 

flow data of the selected gauges. Frequency analysis was then used to estimate the 1:100 year event 

volume for each duration. These results are shown in Figure 3.3. 

 

Figure 3.3: Stream Gauge Event Comparison 

 

The above graph shows that a typical runoff volume that can be expected from a 1:100 year frequency 

event is approximately 30-50 mm, considering the stream gauges that are closest and considered to best 

represent the CSMI Region (Rosebud and Nose Creek).  This range was used as a guide when calibrating 

model parameters for the rural areas in the single event simulation. 

 

The average annual runoff depths from similar catchments to the CSMI Region (most being the same as 

the analysis above) have also been calculated from the stream gauge station data.  As the record period 

differs between the stations, the runoff volumes were normalized to the Kneehill Creek station, which has 

the longest period of record in the region. However, only recorded data in the years that are modelled in 

the continuous simulation (1960-2009) were included. Normalization involved analyzing the Kneehill 

values over the identical time periods as the other stations being assessed. Each station’s average annual 

runoff depth was adjusted by using the ratio of this altered Kneehill Creek period to the long-term Kneehill 

Creek average. 
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The average volumes for the period of recorded data available together with the normalized values for 

each station can be seen in Table 3.2. For the stations examined, the table shows an average annual runoff 

depth of 13-30 mm/year with the more northerly catchments exhibiting higher annual runoff rates. These 

values are generally consistent with the published Alberta Environment and Parks Median Annual Unit 

Runoff Depth Map. 

 

Table 3.2: Stream Gauge Average Annual Volume 

Station Name Record Period 
Runoff Volume 

(mm/year) 
Normalized Runoff Volume 

(mm/year) 

Kneehill Creek 1960-2009 13.9 13.9 

Rosebud 1960-2009 14.6 14.6 

Nose Creek 1982-1995 6.141 13.5 

Three Hills 1971-2009 28.0 30.5 

Meadow Creek 1966-2009 25.7 25.5 

Prairie Blood 1970-2009 12.4 13.5 
1Nose Creek records extended using West Nose Creek Data (Nose Creek Basin Instream Flow Needs Study, WER 2005). 

 

As the CSMI Region is generally a drier catchment than the above stations, the runoff depth for the rural 

catchments is expected to be in the range of 10 to 15 mm/year.  These values are generally consistent 

with the published City of Calgary Total Loading Phase 1 Study, and the AEP Median Annual Unit Runoff 

Depth Map, which indicate volumes ranging from 6 mm to 30 mm across the City of Calgary.  

 

Test models, which included subcatchments of similar sizes and layouts to the full model, were used to 

derive suitable model parameters for the double layer Green Ampt equation. A single set of model 

parameters for rural subcatchments were derived so that both the single event and the continuous 

simulation analyses produce runoff rates and volumes that are reflective of the stream flow gauge 

analysis. This calibration also took into account the limited deep infiltration capacity of the underlying clay 

till subsoils and evaporation losses that are representative of the region.  The percentages for each main 

portion of the water balance for the single event and continuous simulation analysis are shown in Table 

3.3. The parameters resulting from this calibration were then applied to the CSMI Region Models to 

achieve representative results. 
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Table 3.3: Estimated Calibration Parameters 

Parameter 

Estimated Value 

Single Event Continuous Simulation 

mm % of Precipitation mm/year % of Precipitation 

Infiltration Loss 15 17% 12 3% 

Evaporation Loss 1 1% 384 94% 

Volume Remaining in Soil 31 34% - - 

Runoff 43 48% 13 3% 

 

3.4 Urban Hydrology 

Existing urban development was modelled using typical impervious percentages and simplified 

configurations of major infrastructure components that will influence flow such as ponds or culverts. The 

main existing urban areas that are incorporated into the models are West Chestermere, West Janet and 

Langdon.  

 

Models for future urban development were established by creating a typical representative 100 ha area 

to match the main land use types expected in the system (Residential and Commercial/Industrial). The 

representative models are scaled accordingly as unit hydrographs within the CSMI Region Models. 

Locations of future developed areas in each municipality were assumed and alignments of proposed 

municipal conveyance infrastructure are based on the most recent Master Drainage Plan (MDP) for each 

area. The ultimate location of future development areas may vary; however, these exact locations are not 

critical when analyzing design flows or spill volumes.  

 

BMP and LID Practices were incorporated in the Land Development Models to meet the average annual 

volume targets.  Residential developments incorporated resilient landscape and irrigation of Municipal 

Reserve (MR) areas, whereas Commercial/Industrial land relied more on irrigation of MR and non-potable 

reuse. It was assumed that no release into the CSMI System from new developments is permitted during 

the winter months as some of the conveyance segments may be inoperable at that time.  

 

3.5 Model Parameters 

3.5.1 Catchment Areas 

Subcatchments were derived using an ArcGIS Spatial Analyst hydrology tool based on LiDAR. Modifications 

to the subcatchments were made to account for existing and future development boundaries, canals, road 
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culverts and other physical restrictions. Characteristics such as average slope and flow length were 

estimated for each subcatchment. Impervious percentages for areas such as existing development, roads 

and water bodies were estimated using aerial photography.   

 

Typical depression storages values ranging from 3.2 – 10 mm were used for pervious surfaces and 1.6 mm 

for impervious surfaces. Manning’s N values for pervious and impervious surfaces are set at 0.15 and 

0.013 respectively. The double layer Green Ampt equation used in the bioretention LID control feature, 

to simulate runoff from the pervious catchments. Table 3.4 shows the model parameters used for a typical 

pervious surface.  

Table 3.4: LID Parameters 

Parameter Value 

Surface 

Berm Height (mm) 7.5 

Vegetation Volume (Frac.) 0 

Surface Roughness (Manning’s N) 0.15 

Surface Slope (%) 0.5-2 

Soil 

Thickness (mm) 300 

Porosity (Volume Frac.) 0.471 

Field Capacity (Volume Frac.) 0.342 

Wilting Point (Volume Frac.) 0.21 

Conductivity (mm/hr) 10 

Conductivity Slope 10 

Suction Head 270 

Storage 

Thickness (mm) 5 

Void Ratio 0.75 

Seepage Rate (mm/hr) 0.025 

Clogging Factor 0 

Underdrain1 

Drain Coefficient (mm/hr) 0.025 

Drain Exponent 0.1 

Drain Offset Height (mm) 5 

1. The underdrain layer in PCSWMM is utilized for soil interflow in the sublayers. 

 

Adjustment factors were applied to the soil conductivity values to simulate the effect of frozen ground 

during the winter and early spring months. These factors helped simulate runoff that typically occurs 

during chinooks and spring melt. Table 3.5 shows the adjustment factors adopted for each month. 
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Table 3.5: Soil Conductivity Adjustment Factors 

Month Adjustment Factor 

January 0.04 

February 0.03 

March 0.001 

April 0.02 

May 1 

June 1 

July 1 

August 1 

September 1 

October 1 

November 0.05 

December 0.05 

 

3.5.2 Trapped Lows and Flow Paths 

The regional hydrology is characterized as pot and kettle type topography, which includes depressions or 

wetlands linked by overland flow routes. In steeper areas, more defined channels have formed. Figure 3.4 

shows trapped lows of varying storage depths within the CSMI Region that are delineated using LiDAR. 

 

To simulate the regional hydrology, each rural subcatchment incorporated a storage node to represent 

the wetland or catchment storage, including those formed due to the construction of road embankments. 

Typically, since most large storm events occur between May to early July, spring melt would have already 

occurred, which would fill any trapped lows. Because of this, these storage nodes have been modelled to 

begin the single event simulation at their spill points. Flow paths between subcatchments were modelled 

to reflect their typical size and slope, complete with various existing road culverts. Manning’s N roughness 

coefficients for these flow paths were estimated to be between 0.04 and 0.06.   
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4.0 HYDROLOGY MODEL ANALYSES 

 

The Existing Conditions Model and the 25-Year CSMI Model as described in Section 3.0, were analyzed to 

support an adequate outlet for CSMI with negligible negative impacts downstream. Appendix A shows 

the inputs and outputs of the CSMI Region and Land Development hydrology models. All CSMI Region 

Models, as well as the ultimate Land Development model (continuous release) for each type of 

development and VCT have been provided to the CSMI partners. 

 

4.1 Land Development Models 

Each Land Development Model generates flows and volumes that meet the CSMI design criteria. These 

primary targets include a peak unit area release rate (UARR) of 0.8 L/s/ha for a 1:100 year return period 

and a volume control target of 40 mm/year and 129 mm/year for developments upstream and 

downstream of Weed Lake respectively. The volume control target of 129 mm/year for developments 

downstream of Weed lake was decided by the partners through additional discussion and consideration. 

Table 4.1 shows the active storage results for the 1:100 event from both single event and continuous 

simulation analyses. 

 

Table 4.1: Land Development Active Storage Results 

VCT Land Use 
1:100 year Active Storage (m³/ha) 

Single Event Continuous 

40 mm/year 
Residential 572 562 

Commercial/Industrial 684 729 

129 mm/year 
Residential 589 692 

Commercial/Industrial 684 898 

 

The stormwater storage requirements presented throughout this report are illustrative only. Storage 

volumes were developed using a specific on-site configuration of LID practices, stormwater reuse and 

active storage requirements. The actual storage requirements of a development are a function of the land 

use, imperviousness and how the volume control targets will be met. They shall be confirmed at the time 

of development of individual parcels of land. Alternative on-site configurations will not change the CSMI 

infrastructure sizing requirements, as each development will be expected to comply with the UARR and 

volume control targets. 
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4.2 CSMI Region Models 

The CSMI Region Models include the entire CSMI infrastructure that is to be constructed, as well as the 

contributions from land development introduced as scaled unit hydrographs from the Land Development 

Models. Municipal conveyance infrastructure upstream of the CSMI System are not included in detail, 

only high level assumptions were made in order to provide realistic routing time. Rural and existing 

development runoff that will be intercepted by the CSMI System is also incorporated. These models have 

been analyzed to generate 1:100-year design flows for the 25-year development area throughout the 

CSMI infrastructure. The models have also been analyzed to understand the potential impacts that the 

projected 25-year development area will have on Weed Lake and the downstream conveyance systems.   

 

4.2.1 Existing Natural Channel Considerations 

CSMI infrastructure will collect rural flows as well as new development runoff, which may impact existing 

natural channels that are currently in place. The Existing Conditions versus the 25-Year CSMI Model shows 

the difference in flow rates, volumes and frequency for runoff entering the existing natural channels. 

 

West Creek 

West Creek is a natural stream that collects flows beginning north of Conrich, through existing West 

Chestermere and ending at the Rainbow Falls underdrain (shown on Figure 4.3). It has been assumed that 

undeveloped portions of West Creek catchment areas will continue to contribute runoff to the Creek, 

which is in alignment with the Conrich Master Drainage Plan (MPE, 2014). Further analysis must be 

completed when the municipalities ultimately develop to ensure that the assumed flows contributing to 

CSMI are still appropriate. 

 

Bazant Drain 

The tributary to Serviceberry Creek north of Strathmore (Bazant Drain) was analyzed to understand the 

impacts of additional flow and volume, which will utilize this tributary after the Stage 1 – East underdrain 

is constructed.  The Bazant Drain is relatively undefined and surrounded by wet areas. Some available 

storage was included in the models; however, a detailed analysis of capacity is expected to be completed 

during the detailed design of Stage 2 – East. Ghostpine Environmental Services Ltd. assessed these wet 

areas and delineated any potential wetlands to obtain appropriate regulatory requirements; this full 

report is located in Appendix B. This study delineated several “seasonal marshes” along the drain near B 

Canal.   
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A volume and peak flow comparison were completed between the Existing Conditions and 25-year CSMI 

scenario continuous simulation models to confirm the potential impacts to these marshes.  Figure 4.1 

illustrates the change in flow characteristics through the Bazant Drain caused by both the construction of 

the underdrain and development in Strathmore.   

 

Figure 4.1: Bazant Drain Flow Duration Curve 

 

 

To summarize, 25-year flow rates through the Bazant Drain will increase by approximately 0.5 m³/s, 0.1% 

of the time and 1.7 m³/s less than 0.01% of the time.  Over 95% of the time, there will be minimal flows 

through Bazant, which mimics existing conditions. Stage 2 – East is expected to handle the increased 

volume and flow utilizing the Bazant Drain, through methods such as erosion protection and further 

defining channels. 

 

4.2.2 Weed Lake Results 

Weed Lake is a wetland that has been re-established as a critical piece of infrastructure that must be 

maintained as part of RVC’s wastewater system.  Multiple parameters were examined to determine the 

hydraulic impact to the Lake, as stated in Section 2.3.3. An adjustable overshot weir controls the Weed 

Lake water levels, which can be set at different heights depending on the season or locally automated to 

lower as the lake levels rise. The Existing Conditions Model assumes the gate remains at the highest 
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elevation while the 25-Year CSMI Model utilizes the automation control rules as outlined in the Weed 

Lake Rehabilitation Project (MPE, 2002). 

 

The Existing Conditions Model is compared to the 25-Year CSMI Model results, which includes the 

maximum flow and volume entering the lake. A 1:100 year water level has been determined from the 

results of the single event and a frequency analysis of the continuous simulation model. Table 4.2 

summarizes the results of this analysis and the change in flow through Weed Lake. 

 

Table 4.2: Weed Lake Results 

Parameter 

Scenario 

Existing 
Conditions 

25-Year      
CSMI 

Weed Lake Contributing Catchment (ha) 14,600 24,100 

1:100 Year Max Water Elevation (m)1 999.85 1000.03 

1:100 Year Max Outflow (m³/s)1 2.4 4.8 

1:100 Year Max Outflow (L/s/ha using existing catchment) 0.16 0.33 

1:100 Year Max Outflow (L/s/ha using 25-Year catchment) - 0.20 

Number of Outflow Events (over 50 year total) 68 109 

Average Outflow Volume (m³/year) 943,000 4,850,000 

Average Outflow (mm/year using existing catchment) 6.5 33.2 

Average Outflow (mm/year using 25-Year catchment) - 20.1 

1. Single event and continuous simulation models were compared and most conservative result is presented. 

 

Although the addition of CSMI will increase water levels in Weed Lake, the models show that its 1:100 

year maximum elevation will still be within the original High Water Level (HWL) of 1000.15 m.  CSMI Stage 

4 and 5 involve upgrades to the lake itself and downstream infrastructure, which will accommodate the 

resulting higher outflow rates and volumes. The development areas for Stage 4 and 5 are included in the 

25-Year CSMI model, however details of the Weed Lake and downstream infrastructure upgrades are not 

included. 

 

4.2.3 Downstream Conveyance Results 

Hartell Coulee and Serviceberry Creek are natural drainage courses that CSMI will use to convey flows to 

the Rosebud River. Stage 5 includes improvements to these drainage courses to account for the additional 

flow accumulated from new development within the CSMI Region. These improvements include erosion 
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protection measures, further defining flow paths to reduce flooding risks and upsizing structural 

components such as culverts and underdrains. 

 

The drainage courses were examined in both the Existing Conditions and 25-Year CSMI scenarios to assess 

the proposed upgrades. The hydrology models were only used for peak flow analysis, where the Water 

Balance Model analyzes future erosion potential due to increased volumes over time.  Peak flows from 

the continuous model were used for this analysis as it typically produces higher flows and is therefore a 

more conservative value than the single event model. 

 

The results show peak flow increases in both Hartell Coulee and Serviceberry Creek for the 25-Year CSMI 

scenario.  The percent increase in flow through Hartell Coulee during a 1:100 year event was evaluated, 

and is shown in Figure 4.2, locations shown on Figure 4.3. Serviceberry Creek peak flow increases were 

not evaluated because they are influenced greatly by irrigation return flows as well as natural catchments 

entering C Canal, which were not fully included in the hydrology models.  

 

Figure 4.2: Hartell Coulee Changes 

 

The results indicate that the percent increase of peak flow reduces significantly as the flow travels further 

downstream.  This is due to the significant rural catchment area contributing along Hartell Coulee, causing 

the increase in flow to be less substantial relative to the entire upstream catchment. Serviceberry Creek 
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will also be affected by the increases in flow from CSMI; however, the peak flow effects are relatively 

insignificant, as it is a part of a much larger contributing catchment. Effects due to increased runoff 

volumes in Serviceberry Creek are analyzed in the Water Balance Model (Section 6.0). 
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4.3 Infrastructure Sizing 

CSMI infrastructure will be sized to convey runoff from the 1:100 year rainfall event over the entire 

upstream catchment.  This includes existing and future development runoff, as well as rural flows that are 

intercepted by the system. Since land development in these areas will continue beyond 25-years, the “full 

build-out” scenario was analyzed for this study and compared to the 25-year design horizon.   

 

It is recommended that critical pieces of infrastructure with limited opportunities to increase capacity in 

the future be designed for the full build-out scenario or other regional uncertainties over time. This will 

typically include pipelines, underdrains and culverts, which may be located within limited or defined 

rights-of-way ditches, drains or pipelines located within larger rights-of-way could be sized for the typically 

smaller 25-year development scenario to reduce initial costs, and then expanded in the future if required.  

 

4.3.1 25-Year Design Flows 

For the 25-year scenario, 1:100 year return period flows from the CSMI Region Models were determined. 

Both the single event and continuous simulation flows were compared in order to ensure the most 

conservative and/or reasonable magnitudes are utilized. Typically, the continuous simulation produced 

the most conservative flow rate. Contributing areas and flows for the 25-year scenario can be seen in 

Table 4.3, and assumed locations utilized in the CSMI Region Models can be seen in Figure 4.4 and 

Figure 4.5. Since these values are from PCSWMM models, which account for routing time, flows from 

contributing areas do not directly add to the total flow downstream. 
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Table 4.3: 25-Year CSMI Design Flow Contributions 

Stage Location 
Area 
(ha) 

Flow1 
(L/s) 

Notes2 

1-S 

City of Calgary 450 360 (0.8 L/s/ha) 

West Janet 567 454 (0.8 L/s/ha) 

West Janet Existing 602 482 (0.8 L/s/ha) 

City of Calgary Rural 730 -  

West Janet Rural 61 -  

TOTAL 2,410 1,810 (0.8 L/s/ha) Using Single Event 

2-S (Upstream 
of A Canal) 

TOTAL 2,410 1,810 (0.8 L/s/ha) Using Single Event 

2-S 
(Underdrain 

and 
Downstream) 

East Janet 418 334 No rural due to topography 

TOTAL 2,828 2,130 (0.8 L/s/ha) Using Single Event 

3-S 
RVC Rural 4,890 -  

TOTAL 7,718 2,771 (0.4 L/s/ha) Using Single Event 

1-N 

Omni 272 218 (0.8 L/s/ha) 

Conrich 2,277 1,822 (0.8 L/s/ha) 

Conrich Existing 495 396 (0.8 L/s/ha) 

West Creek Rural 1,645 -  

RVC Rural 2,673 -  

TOTAL 7,362 3,400 (0.5 L/s/ha) Using Frequency Analysis 

2-N 
Rural 357 -  

TOTAL 7,719 3,400 (0.4 L/s/ha) Using Frequency Analysis 

3-N 
Rural 864 -  

TOTAL 8,583 5,800 (0.7 L/s/ha) Using Frequency Analysis 

1-E 

West Strathmore 107 86 (0.8 L/s/ha) 

Wheatland County 
Rural 

2,373 -  

TOTAL 2,480 3,900 (1.6 L/s/ha) Using Frequency Analysis 

2-E (Upstream 
Underdrain) 

TOTAL 2,480 3,900 (1.6 L/s/ha) Using Frequency Analysis 

2-E 
(Downstream 
Underdrain) 

Wheatland County 
Rural 

845 -  

TOTAL 3,325 3,900 (1.2 L/s/ha) Using Frequency Analysis 

1. Rural flows are included in the total flow rates as these were calculated from the PCSWMM models; however, 
this involves multiple catchments with varying contribution timing, therefore flow rates for each rural area are 
not included in the table above. 

2. Flow rates in L/s/ha, calculated using the total flow and the catchment area contributing to each piece of 
infrastructure, have been provided for reference. 
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4.3.2 Full Build-Out Design Flows 

The full build-out scenario includes all potential development identified in the current ASPs within each 

community (see Figure 2.1). The flow rate from each ASP area was calculated using the target UARR of 

0.8 L/s/ha multiplied by the gross development area. These flow rates were directly added together to 

determine the design flow required for each piece of CSMI infrastructure. In many cases, the full build-

out areas will displace existing rural areas that are intercepted by the CSMI System in the 25-year scenario 

due to topography. The full build-out scenario design flows have not been calculated for the East System, 

as the UARR from the contributing rural areas will be higher than the 0.8 L/s/ha assumed for development 

beyond the 25-year scenario. 

 

In the full build-out scenario, most of the flows from rural catchments will be offset from the urban 

development flows, therefore they create no net increase to the peak design flows. Also, it is expected 

that different types of storm events produce peak flows from urban developments compared to rural 

catchments and therefore these flows are not additive. Since a PCSWMM model of the full buildout 

scenario has not been completed, some assumptions had to be made using the 25-year CSMI Region 

Models. The following conclusions were found and utilized for the full build-out calculations:  

• Stage 3 – South: There are minimal rural contributions during the time of peak flow in the CSMI 

infrastructure due to a large amount of depression storage throughout the rural catchment. 

o Result: No rural flows have been included in the full build-out flow calculation. 

• Stage 1 – North: The peak flows from the rural catchments intercepted north of Conrich occur 

after the peak flows within the CSMI infrastructure. However, during the time of peak CSMI flows, 

there is a portion of flow occurring off the rural catchments. 

o Result: A portion of the rural peak flow included in the full build-out flow calculation. 

• Stage 2 and 3 – North: The peak flows from the rural catchments adjacent to South Branch B 

occur prior to the peak flows within the CSMI infrastructure. 

o Result: No rural flows are included in the full build-out design flow calculation. Due to 

topography, any excess flow beyond the full build-out flows from rural runoff in a 

1:100 year event may utilize spillways along Stage 3 – North that overflow into South 

Branch B. Currently, South Branch B collects runoff from all the adjacent rural catchments 

and therefore CSMI infrastructure greatly reduces the stormwater contributions to this 

canal. 
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Contributing areas and flow locations for the full build-out scenario of the West System can be seen in 

Table 4.4 and Figure 4.6.  

 

Table 4.4: Full Build-Out CSMI Design Flow Contributions 

Stage Location 
Area 
(ha) 

Flow 
(L/s) 

Notes1 

1-S 

City of Calgary 1,252 1002 (0.8 L/s/ha) 

West Janet 567 454 (0.8 L/s/ha) 

West Janet Existing 602 482 (0.8 L/s/ha) 

TOTAL 2,421 1,937 (0.8 L/s/ha) 

2-S (Upstream 
of A Canal) 

TOTAL 2,421 1,937 (0.8 L/s/ha) 

2-S 
(Underdrain 

and 
Downstream) 

East Janet 800 640 (0.8 L/s/ha) 

TOTAL 3,221 2,577 (0.8 L/s/ha) 

3-S 
RVC Rural 4,890 - Rural not added due to peak offset 

TOTAL 8,111 2,577 (0.3 L/s/ha) 

1-N 

Omni 520 416 (0.8 L/s/ha) 

Conrich 4,410 3528 (0.8 L/s/ha) 

Rural South of Omni 260 208 
(0.8 L/s/ha) Assumed to be 
developed in full build-out 

RVC Rural 1,966 200 Flow proportion at peak 

Rural 206 - Rural not added due to peak offset 

TOTAL 7,362 4,352 (0.6 L/s/ha) 

2-N 
RVC Rural 357 - Rural not added due to peak offset 

TOTAL 7,719 4,352 (0.6 L/s/ha) 

3-N 
RVC Rural 864 - Rural not added due to peak offset 

TOTAL 8,583 4,352 (0.5 L/s/ha) 

1. Flow rates in L/s/ha have been calculated using the total flow and area for each piece of infrastructure for 
reference. 
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Table 4.5 shows a summary of total design flows for both the 25-year and full build-out scenarios in each 

piece of CSMI infrastructure.  
 

Table 4.5: Calculated Design Flow Summary 

System Infrastructure 

Flow (m³/s) 

25-Year Development 
Horizon 

Full Build-Out 
Scenario 

North 

Stage 1 3.4 4.3 

Stage 2 3.4 4.3 

Stage 3 6.7 4.3 

South 

Stage 1 1.8 1.9 

Stage 2 (Upstream A Canal) 1.8 1.9 

Stage 2 (A Canal Underdrain and 
Downstream) 

2.1 2.5 

Stage 3 2.8 2.5 

East Stage 1 and 2 3.9 - 

 

It is concluded that the CSMI System will be designed for the full build-out scenario.  Typically, these flows 

represent conservative values that can be applied to infrastructure that will be difficult to upsize in the 

future. Stage 3-North and 3-South result in a higher flow rate for the 25-Year scenario than the full build-

out. Due to the large rural catchments that contribute runoff to these Stages and the type of 

infrastructure, designing for these flow rates are considered overly conservative for several reasons: 

• These flows are calculated at the end of the conveyance infrastructure; however, the rural 

contribution would gradually contribute along the open channel. 

• The 25-Year Scenario models assume a 1:100 year storm event occurs over the entire CSMI Region 

at the same time. 

• The 25-Year Scenario models assume that the same storm event creates a peak flow discharge 

from rural catchments and urban developments. 

• Numerous wetlands are present in the rural areas, which are likely to hold back flow further than 

the models assume. 

• Stage 3-North will intercept the runoff from the rural area that currently flows to South Branch B 

Canal. This design will benefit this irrigation canal greatly even if during peak flow events some 

overflow occurs. 

• These Stages are intended to consist mainly of open channel systems, which include freeboard 

capacity that could be utilized for high flow events.  
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5.0 INTERIM STAGE HYDROLOGY MODEL ANALYSES 

The general premise for staging the CSMI infrastructure is to build the system from the “top down”.  The 

first CSMI infrastructure to be constructed for the North and South Systems will be in the upper CSMI 

catchment servicing the Janet and Conrich areas in RVC and Belvedere in Calgary. Therefore, the early 

CSMI stages must use existing WID infrastructure downstream for conveyance. This introduces 

operational restrictions to maintain the integrity of the irrigation system. Three operational conditions 

will be imposed on future municipal development to account for these restrictions: 

 

• Off-Season Release: Developments will be permitted to release into the CSMI infrastructure 

during allocated time periods before and/or after the irrigation season, 

• Restricted Continuous Release: Developments will be permitted to release into the CSMI 

infrastructure on a continuous basis at a flow rate based on the capacity of the downstream WID 

infrastructure. This rate will be lower rate than the maximum allowable UARR for ultimate 

development conditions, and is dependent on the current land development area, 

• Ultimate Continuous Release: Developments will be permitted to release throughout the spring, 

summer and fall months, up to the maximum allowable UARR. 

 

Table 5.1 shows the restrictions that will apply to the various CSMI stages as well as the operational 

conditions that will be utilized at the completion of each stage. Land Development Models are used to 

analyze the impacts to municipal developments, because of the downstream restrictions. Volume Control 

Targets are assumed to be maintained throughout the interim stages of CSMI. 
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Table 5.1: Interim Stage Development Operations 

System 
Stage 

Constructed 
Operational 
Conditions 

Interim Limitation 

South 

1 Off-Season Release 
Existing irrigation canal as outlet (A Canal) and 

Langdon Ditch capacity 

2 Multiple Options1  Langdon Ditch capacity 

3 Continuous Release None 

North 

1 Off-Season Release Existing irrigation canal as outlet (C Canal) 

2 Multiple Options1 Existing irrigation canal as outlet (South Branch 
B) 

3 Continuous Release None 

East 
1 Continuous Release 

Existing natural drainage path downstream of 
the underdrain as outlet (Bazant Drain) 

2 Continuous Release None 

Combined 
4 Continuous Release None 

5 Continuous Release None 

1. Multiple options include a combination of  continuous release, off-season release and restricted release (for the 
South System only). 

 

5.1 Storage Conditions 

A typical storage facility in a continuous release scenario includes two types of storage: 

1. Active Storage: Volume stored during a runoff event, above the Upper Normal Water Level 

(UNWL), which is released out of the storage at a controlled rate during designated periods, 

2. Permanent Storage: Volume stored below the UNWL, which provides water quality benefits and 

volume used for irrigation and evaporates over time. 

 

Figure 5.1 shows a visual representation of the different types of storage volumes in a typical stormwater 

management facility. 
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Figure 5.1: Typical Storage Configuration 

 

The amount of storage to be provided for an off-season release condition can be interpreted as a 

drawdown storage volume, which can be pumped or released by gravity at the allocated release times 

outside the irrigation season. Drawdown storage requirements are significantly greater than those that 

correspond to the continuous release scenarios. Options to accommodate additional storage within the 

footprint of a stormwater facility that corresponds to the ultimate continuous release rate scenario 

include: 

• Utilizing the permanent storage to hold additional runoff during the irrigation season, 

• Increasing freeboard depth to utilize as additional storage during the irrigation season, 

• Postponing full build-out of the development area until a continuous release scenario is available. 

 

Examples of a typical stormwater management facilities layout within the future CSMI developments are 

presented in Appendix C, as a function of the various interim CSMI development stages. These are 

compared to a stormwater management facility for the ultimate development conditions reflecting the 

"Ultimate Continuous Release" scenario, which would result in the smallest storage and footprint 

requirements. 

 

5.2 Stage 1 Approach and Analysis 

Off-season release is an operational condition to be imposed on new developments until future stages of 

CSMI are built. The off-season flows will utilize the CSMI infrastructure built at the time, and existing WID 

infrastructure downstream of the early CSMI infrastructure, including canals and drains.   
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Off-season release requires stormwater runoff to be held within the land development areas during the 

irrigation season. Developments will be provided time periods and a flow rate permitted for release 

outside of the irrigation season (generally in April and again in October). The available time permitted for 

release will depend on how soon freezing occurs after the irrigation season ends in the fall, or how close 

spring melt occurs before the start of irrigation season. This timing can vary considerably from season to 

season.  

 

Off-season release will require larger storage facilities to hold back the runoff. It is assumed that 

developments will still be required to meet the CSMI UARR and runoff volume targets during stages 

utilizing off-season release. As illustrated in the examples presented in Appendix C, any off-season release 

scenario will include additional operational considerations to ensure that the drawdown capacity can be 

accommodated within the pond without having to increase the footprint. 

 

5.2.1 Off-Season Release Assumptions 

Ideally, off-season release will occur in both the spring and fall, however, the time allowed to release will 

vary and may be limited to only one release per year. To determine the implications of this fluctuation, 

two scenarios (spring and fall release, and fall only release) were analyzed. The fall only release creates 

the most conservative estimate as flows can be generated all year including the spring months. The 

analysis was split up for the South and North Systems due to different constraints that exist from the 

downstream infrastructure.  

 

The release rates used for the off-season release scenario are based on the assumption that all 

development areas release at the same time, and will not exceed the cumulative target flow rate. The 

development area assumed for this analysis is the area necessary to fund Stage 2 of the South and North 

Systems through off-site levies. Table 5.2 shows these development areas as well as the existing industrial 

area in Janet has been included in the off-season release scenario as well, to alleviate existing local 

flooding concerns. 
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Table 5.2: Off-Season Release Development Areas 

Development Type Area (ha) 

South System 

Residential 48 

Commercial/Industrial 121 

Existing Janet (Industrial) 602 

TOTAL 771 

North System 

Residential 204 

Commercial/Industrial 444 

TOTAL 648 

 

Flows from existing areas in West Chestermere as well as rural catchments that are intercepted by CSMI 

infrastructure cannot be restricted to an off-season release condition. Existing flows have not been 

included in the analysis as they will continue to enter the WID system during the irrigation season until 

the CSMI System transitions into a continuous release scenario. Peak flows equivalent to the West 

Chestermere existing flows will be split and will re-enter the WID system as per their current Use-of-Works 

Agreement. This discharge will occur either into Chestermere Lake at the current discharge location or to 

A Canal downstream of the Stage 1-S infrastructure. 

 

5.2.2 Stage 1 South System  

The off-season release for the South System will be conveyed to Weed Lake through A Canal and then 

directed to the existing Langdon Ditch using a diversion weir. Langdon Ditch is known to have a capacity 

of approximately 0.3 m³/s based on discussions with the WID and general channel characteristics. This 

will be the governing constraint of the development release rate through to the completion of Stage 3. 

The off-season release will be occurring continuously, involving multiple ponds releasing at one time or in 

sequence. To minimize the risk of flooding downstream properties, while including an allowance for the 

continuous discharge from the existing urban and rural areas, the Langdon Ditch assumed capacity was 

reduced from 0.3 m³/s to 0.2 m³/s for this analysis. 

 

Considering a development area of 771 ha and the existing downstream capacity restrictions, an off-

season maximum unit area release rate of 0.26 L/s/ha was incorporated to ensure no downstream 

impacts. The Land Development Models were altered to release at this lower release rate for the off-

season scenario. All other assumptions remained consistent such as stormwater reuse, pond 



Cooperative Stormwater Management Initiative                                                        CSMI Modelling and Stage Development - FINAL 

 
 

49 

characteristics and overall lot layout. These models still met the average annual VCT of 40 mm/year, which 

is assumed for the areas upstream of Weed Lake. 

 

The drawdown storage requirements which correlate to a 1:100 year return frequency can be seen in 

Table 5.3. The table also shows the percent increase when these drawdown storages are compared to the 

active storage required in the ultimate continuous release scenario, as this will be of interest to 

developers.   

Table 5.3: South System Off-Season Release Storage Requirements  

Scenario 
Drawdown Storage 

(m³/s) 
Percent Increase from 
Continuous Release1 

Industrial Fall Only 1,727 137% 

Industrial Fall and Spring 1,577 116% 

Residential Fall Only 1,313 134% 

Residential Fall and Spring 1,123 100% 

1. Ultimate continuous release (0.8 L/s/ha) storage results are shown in Table 4.1. 

 

5.2.3 Stage 1 North System 

The off-season release for the North System will be conveyed to Serviceberry Creek through C Canal.  This 

canal is relatively large; therefore, a downstream capacity restriction does not exist.  

 

A unit area release rate of 0.8 L/s/ha was set for the off-season release scenario, which represents the 

future ultimate continuous release rate; and therefore will not overwhelm the conveyance infrastructure 

upstream of the CSMI System. The resulting  drawdown storage requirements for a 1:100 year return 

frequency are shown in Table 5.4. 

 

Table 5.4: North System Off-Season Release Storage Requirements 

Scenario 
Drawdown Storage 

(m³/s) 
Percent Increase from 
Continuous Release1 

Industrial Fall Only 1,587 118% 

Industrial Fall and Spring 1,597 119% 

Residential Fall Only 1,213 116% 

Residential Fall and Spring 1,133 102% 

1. Continuous release (0.8 L/s/ha) storage results are shown in Table 4.1. 
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5.3 Stage 2 Approach and Analysis 

The ultimate continuous release scenario is not available within the CSMI Region for the North and South 

Systems until Stage 3 is fully constructed, which will connect the systems to Weed Lake. After Stage 2 is 

constructed, there may be opportunities to reduce the storage requirements for the upstream 

developments; however, the additional risk on the downstream infrastructure and the irrigation users 

must be considered. Three release options were analyzed for developments releasing between the 

construction of Stage 2 and Stage 3: 

1. Ultimate Continuous Release: Release runoff at the maximum unit area release rate of 0.8 L/s/ha 

when necessary, while meeting the applicable volume control targets. This represents the highest 

risk on the downstream infrastructure prior to completion of Stage 3. 

2. Off-Season Release: Continuing to hold back runoff until periods outside of the irrigation season 

(as required after Stage 1 is complete). This represents an increased burden on developments 

within each municipality. 

3. Restricted Continuous Release: Release runoff at a lower rate than the ultimate CSMI unit area 

release rate when necessary. This represents a potential middle ground option that provides a 

balance between the interests of all partners. 

 

Analysis has been completed for the South and North Systems to determine the impacts from each release 

option using the following criteria: 

1. Overflow Events: The frequency and volume of events where stormwater will overflow from the 

CSMI infrastructure into the main irrigation canals. 

2. Development Considerations: Required storage volumes and operational controls that 

municipalities will have to maintain, prior to establishing a continuous release. 

3. Flow Proportions: The proportion of development runoff from the North System that will 

combine with the irrigation flows in South Branch B Canal during the irrigation season. Flow 

proportions for the South System are not analyzed, as there are very few irrigators along the 

Langdon Ditch where the water would ultimately blend, therefore this is less of a concern to the 

WID. 

 

These criteria consider the needs and objectives for both the municipalities and the WID, which do not 

necessarily align. Therefore, reasonable criteria must ultimately be selected and accepted by all partners. 
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5.3.1 Assumptions 

Runoff from rural catchments and existing developments will be intercepted by the CSMI System and 

contribute to the total flows. These flows have not been included in this analysis for the South System as 

they cannot be controlled on-site and the majority are currently collected by the WID system. CSMI Stages 

1 and 2 infrastructure will have capacity for the flows from these areas; however, only the flows from new 

CSMI developments are assumed to be controlled within the capacity of the existing downstream 

infrastructure. The North System analysis has included the contributing runoff from rural areas to 

Stage 3 – North to determine the South Branch B flow proportions. 

 

All analyses have been completed for the irrigation season only, as this is when the runoff entering the 

canals is a concern. Volume Control Targets are assumed to be in effect throughout the interim analyses. 

The development area used for this analysis is the maximum area needed to fund Stage 3 of each 

respective system. This provides the most conservative runoff contribution prior to the ultimate 

continuous release scenario to Weed Lake. Table 5.5 shows these development areas as well as the 

contribution from the existing Janet industrial area, which is treated same way as it is in Stage 1. 

 

Table 5.5: Development Areas to Fund Stage 3 

System Development Type Area (ha) 

South 

Residential 224 

Commercial/Industrial 561 

Existing Janet 602 

TOTAL 1,387 

North 

Residential 320 

Commercial/Industrial 697 

TOTAL 1,017 

 

These development areas were modelled for the continuous release, off-season release as well as 

modified scenarios to facilitate an evaluation of a potential compromise between the municipalities and 

the WID. The Land Development Models described previously in Section 4.1 were used for these analyses.  

 

5.3.2 Stage 2 South System 

The South System utilizes the existing Langdon Ditch to convey runoff to Weed Lake from the 

development areas prior to constructing Stage 3.  This ditch has capacity restrictions; therefore, any flow 



Cooperative Stormwater Management Initiative                                                        CSMI Modelling and Stage Development - FINAL 

 
 

52 

that is released from the developments that exceeds these restrictions will be designed to overflow into 

A Canal.  

 

Ultimate Continuous Release Scenario 

If all developments at this stage were permitted to release at the maximum ultimate continuous unit area 

release rate of 0.8 L/s/ha, the frequency of overflows to A Canal would average one to two events per 

year over the 50-year time period analyzed. Dry years may experience no overflows, while wetter years 

may experience overflows more often. This scenario results in no additional storage requirement on-site, 

as well as fewer operational concerns. 

 

Off-Season Release Scenario 

The allowable release rate will be restricted to a flow within the capacity of Langdon Ditch regardless of 

the upstream development area. Therefore, as development occurs, release restrictions become more 

stringent on a per-hectare basis. The off-season release option will minimize overflows into A Canal; 

however, this will restrict the off-season unit area release rate to approximately 0.14 L/s/ha. This will 

increase the on-site storage requirements in comparison to Stage 1. Table 5.6 shows the storage required 

for both industrial and residential developments for the 1:100 year frequency, and the percent increase 

from the active storage volume needed for an ultimate continuous release (0.8 L/s/ha). These results are 

for the “fall release only” scenario as this is the most conservative estimate. 

 

Table 5.6: South Stage 2 Off-Season Release Storage Requirements (Fall Release Only) 

Scenario 
Drawdown Storage 

(m³/s) 
Percent Increase from 
Continuous Release1 

Industrial 1,917 174% 

Residential 1,713 205% 

1. Ultimate continuous release (0.8 L/s/ha) storage results are shown in Table 4.1. 

 

In this scenario, drawdown storage required within the development increases by 15-20% for industrial 

lands and 25-30% for residential lands respectively, compared to Stage 1 off-season release.  

 

Restricted Continuous Release Scenario 

Since the Langdon Ditch will be available to convey stormwater during the irrigation season after Stage 2 

is complete, it is feasible to utilize its full capacity to reduce the land development storage requirements 
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by providing a restricted continuous release. A restricted continuous release will still involve larger on-site 

storages than the ultimate scenario; however, less than for an off-season release. This scenario also 

reduces the operational considerations compared to the off-season release scenario. 

 

The Langdon Ditch was assumed to have a maximum capacity of 0.3 m³/s for this analysis, which is higher 

than the average capacity assumed for the off-season release scenario of 0.2 m³/s. A restricted continuous 

release is anticipated to be controlled by gravity systems and will only reach the peak release during a 

1:100 year event. Because of this, it can be assumed that the anticipated capacity of the Langdon Ditch is 

more unlikely to be exceeded in this scenario. The restricted unit area release rate for the development 

area was set at 0.22 L/s/ha based on the contributing development area. 

 

Figure 5.2 shows the active storage volume requirements for different return periods after Stage 2 is 

complete and up to the completion of Stage 3. The active storage for each return period signifies the 

volume needed to ensure no overflow into A Canal due to a release rate that exceeds the downstream 

capacity. For comparison, the figure also shows the active storage required for the ultimate continuous 

unit area release rate of 0.8 L/s/ha. The storage volume requirements for a 1:100 year return frequency 

are reduced by 25-40% when compared to the Stage 1 off-season release storage requirements. 

  

Figure 5.2: South Restricted Continuous Release Storage Requirements 

 

This figure also allows for the evaluation of consequences if the active storage capacity of a stormwater 

management facility designed to reflect the ultimate continuous release scenario is exceeded. For 
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instance, in the case of an industrial development, the capacity of the pond would be exceeded for a 1:20 

year event. To prevent the pond from overflowing, the discharge from the pond would have to be 

increased above the permissible restricted unit area release rate of 0.22 L/s/ha. However, when the 

resulting flows in Langdon Ditch exceed its capacity, the additional flow will be designed to overflow  into 

A Canal. At all times, the unit area release rate should remain less than the ultimate continuous unit area 

release rate of 0.8 L/s/ha. 

 

5.3.3 Stage 2 North System 

The North System will utilize South Branch B Canal to convey runoff to Weed Lake prior to the completion 

of Stage 3. Analysis was completed similarly to the South System to determine the risk of overflow into 

B Canal. However, due to the assumed capacity in South Branch B Canal (0.8 m³/s) and the development 

area for Stage 3 North (979 ha), the ultimate continuous release scenario will not generate enough flow 

from the CSMI developments alone to cause overflow into B Canal. Therefore, a restricted continuous 

release scenario was not analyzed for the North System. 

 

Even though the contribution from the urban areas at this stage is less than the current capacity of B 

Canal, the flow proportions in South Branch B remains an important criterion. An analysis was completed 

to determine the flow proportions in this canal during the irrigation season. The types of flow that will 

accumulate in South Branch B were separated into three categories including irrigation water, existing 

runoff and new CSMI development runoff. The daily volume outputs over the 50-year continuous 

simulation period were converted into daily flows for the future development and rural catchments. These 

daily flows were presented as percentiles in the irrigation season only. The remaining capacity of South 

Branch B was assumed to be filled with irrigation water.  

 

Continuous Release Scenario 

Figure 5.3 shows the percentage of each type of flow present in South Branch B during the irrigation 

season for the ultimate continuous release scenario. The x-axis represents the percent of irrigation season 

that a corresponding proportion of runoff (y-axis) in South Branch B will be exceeded. 

 

The results of this analysis are that over 75% of the irrigation season experiences no rural or development 

runoff conveyed from CSMI into South Branch B. This is due to development and rural runoff only 



Cooperative Stormwater Management Initiative                                                        CSMI Modelling and Stage Development - FINAL 

 
 

55 

contributing to the flow after a rainfall event. However, 6% of the time, approximately 30% of the water 

will consist of runoff, and 4% of the time the runoff increases to 50% of the canal flow.  

 

Figure 5.3: South Branch B Flow Proportions – Ultimate Continuous Release Scenario 

 

 

Off-Season Release Scenario 

The flow proportions in South Branch B Canal as a result of an ultimate continuous release prior to 

constructing Stage 3 – North is a significant consideration for the WID as there are a number of irrigation 

users drawing water from this canal. Therefore, the potential risk to the irrigation water quality is a 

concern. However, the storage volumes required for the off-season release scenario up to the end of 

Stage 3 are also not desirable. Maintaining the off-season release requirements up to a certain return 

period (less than 1:100 year) was explored to reconcile the desires of both the municipalities and the WID. 

The resulting stormwater management facilities would still control a 1:100 year event; however, they 

would not hold all runoff until the off-season release period. 

 

Two return periods were chosen to analyze the impact on flow proportions in South Branch B; both from 

the ‘fall release only’ scenario to be conservative.  South Branch B flow proportions from the operation of 

the CSMI system with stormwater management facilities that have capacity to fully store the runoff for a 

1:5 year and a 1:20 year condition, are shown in Figure 5.4 and Figure 5.5 respectively. These release 

Percent of Irrigation Season Runoff Flow Proportion is Exceeded 
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frequencies correspond to off-season release storage requirements of approximately 571 m³/ha and 912 

m³/ha for a typical residential development. 

 

For a scenario with stormwater management facilities designed to have adequate capacity to fully store 

the runoff for a 1:5 year condition, there will be no rural or development runoff conveyed through CSMI 

to South Branch B over 86% of the irrigation season.  However, 4% of the time approximately 30% of the 

water consists of runoff, and 3% of the time this runoff increases to 50% of the canal flow. 

 

Figure 5.4: South Branch B Flow Proportions - 1:5 Year Off-Season Release Scenario 

 

 

In a scenario with stormwater management facilities designed to have adequate capacity to fully store 

the runoff for a 1:20 year condition, there will be no rural or development runoff conveyed through CSMI 

to South Branch B over 90% of the time during irrigation season; and 99.5% of the time there is no runoff 

from CSMI developments. 

 

 

 

 

 

 

Percent of Irrigation Season Runoff Flow Proportion is Exceeded 
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Figure 5.5: South Branch B Flow Proportions – 1:20 Year Off-Season Release Scenario 

 

5.4 East System Interim Analysis 

Prior to land development occurring in the East System, a large amount of rural runoff will utilize the Stage 

1–East underdrain and the downstream spillway (Bazant Drain). Therefore, no off-season or restricted 

continuous release is required once development proceeds. However, the Bazant Drain has capacity 

restrictions, which will be upgraded as part of Stage 2–East. The peak flows must be controlled after Stage 

1 is built in order to remain within the existing drain capacity. As a result, runoff will continue to spill into 

B Canal during larger rainfall events.  

 

Cross sections of the Bazant Drain were collected, which identified a very small flow path surrounded by 

wetlands. In order to maintain flow within the defined flow path, the release rate through the underdrain 

must be restricted to 0.055 m³/s. Table 5.7 shows the results of the overflow analysis for the B Canal 

underdrain using 0.055 m³/s as the governing release rate. 

 

Table 5.7: East Rural Overflow Results 

Parameter Value 

Capacity of Drain 0.055 m³/s 

Frequency of Overflow Events 3-4 overflow events per year 

Percent of CSMI Volume that Overflows 74% 

Percent Reduction Entering B Canal 10% 

Percent of Irrigation Season Runoff Flow Proportion is Exceeded 
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The CSMI volume that overflows into B Canal includes Strathmore’s 25-year development projection as 

well as the rural catchments upstream of the underdrains. The percent reduction compares the overflow 

volume to the existing flow entering B Canal from Existing Conditions Model. The restricted release rate 

may be able to be optimized through further analysis and discussions with Alberta Environment and Parks 

around wetland policies. 
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6.0 WATER BALANCE MODEL 

 

A water balance, water quality and stream erosion model was created in 2015 to analyze downstream 

effects of the entire CSMI System in the 25-year scenario.  The model calculates the water balance and 

incorporates a water quality module for Weed Lake and an erosion impact assessment module for Hartell 

Coulee and Serviceberry Creek utilizing the Erosion Potential Index method.  A daily time step is used for 

this spreadsheet-based model, which is considered adequate as it is not used for peak hydrology 

calculations. 

 

6.1 Updated Data 

The previous spreadsheet based model was updated to reflect: 

1. Recent 25-year growth projections provided by each municipal partner. 

2. Updated estimate for 25-year Langdon WWTP average daily volume. 

3. Allowance for a percentage of the 25-year development that corresponds with each Stage of 

CSMI. 

4. A volume control target of 129 mm/year for development areas downstream of Weed Lake. 

 

The development percentages were applied to each municipality equally for this analysis. 25-year 

development areas were altered as further discussions with the municipalities resulted in updated growth 

projections, as discussed in Section 2.1.  This model was not altered to reflect the impacts of off-season 

release or restricted release in any particular stage.  These interim release conditions will likely reduce the 

downstream erosion impacts and result in minimal influence the Weed Lake water quality. 

 

The 2015 model also assumed a reduction in irrigation return flows over time. This was not changed in 

the updated model; however, was only applied to the Stage 5 scenario. Langdon Ditch irrigation reduction 

factors were applied at Stage 3–South, as this is when the ditch would be used primarily for stormwater 

conveyance. 

 

6.2 Model Scenarios 

Each individual stage was analyzed using the percent development that is necessary to fund the respective 

infrastructure through development levies, as outlined in Section 1.2 (see Table 6.1). The model was also 
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analyzed for a zero development scenario, to compare the impacts of rural runoff only. In this scenario, 

CSMI infrastructure is assumed to be in place, which will intercept runoff from rural catchments and 

existing developments; however, future developments are not yet included. As development occurs 

throughout the CSMI stages, this will replace the rural catchments and release at the UARR and required 

volume control targets. 

 

Table 6.1: Water Balance Development Percentages 

Stage 
Total Percent 
Development 

Stage 2–South 11.8% 

Stage 2–North 25.4% 

Stage 3–North 49.9% 

Stage 3–South 54.7% 

Stage 4 60.9% 

Stage 5 100% 

 

6.3 Weed Lake Water Quality Results 

The key water quality parameters considered in the Water Balance Model are Total Phosphorus (TP) and 

salinity, measured in Electrical Conductivity (EC).  The levels of these parameters in Weed Lake will change 

with each stage of CSMI, as runoff volumes from future land development areas increase; see Appendix D 

for monthly assumptions for TP and EC inputs. Existing results and incorporation of stages were analyzed 

to determine the 25, 50 and 75 percentile exceedance values (Figure 6.1 and Figure 6.2). Graphs for the 

entire timeline modelled are located in Appendix D. 
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Figure 6.1: Total Phosphorus Stage Results 

 

Figure 6.2: Electrical Conductivity Stage Results 

 

The above figures show the impacts of the CSMI stages which include future development. This also shows 

the effects the reduced irrigation return flows have on the water quality levels (between Stage 3 – North 

and 3 – South), as well as the substantial impact development percentages have on TP levels (between 

Stage 4 and Stage 5). The overall results are: 

• TP levels in Weed Lake will decrease by approximately 35%, 

• EC levels in Weed Lake will decrease by approximately 34%, bringing the average levels into the 

acceptable range of 5,000 – 7,000 us/cm.   
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Dilution of Weed Lake due to additional volume is a major reason for these concentration decreases. 

These results are similar to the 2015 Water Balance Analysis for the 25-year scenario (Stage 5), which 

concludes that there is no additional impact to the parameters in Weed Lake as a result of CSMI staging.   

 

6.4 Downstream Erosion Assessment Results 

The Erosion Potential Index (EPI) method was used to determine impacts to the infrastructure 

downstream of Weed Lake (Hartell Coulee and Serviceberry Creek).  An EPI of greater than one indicates 

an increase in erosion potential due to each subsequent stage of CSMI.  Table 6.2 and Figure 6.3 show 

the results of the EPI calculations for each stage of development at various downstream locations 

(locations identified on Figure 6.4). These results are assuming no improvements have completed along 

Hartell Coulee and Serviceberry Creek; Stage 5 improvements will lower the EPI values to acceptable 

levels. 

Table 6.2: Downstream Erosion Results 

Stage of 
Development 

EPI at Downstream Location 

E F1 F2 F3 F4 H L I N R 

0% Dev 2.1 1.9 2.4 1.6 1.5 1.0 1.1 1.1 0.9 1.0 

Stage 2–South 2.4 2.2 2.8 1.7 1.7 1.1 1.1 1.1 0.9 1.0 

Stage 2–North 2.8 2.5 3.3 1.9 1.9 1.2 1.1 1.2 0.9 1.1 

Stage 3–North 3.4 3.1 4.2 2.3 2.2 1.4 1.2 1.3 1.0 1.1 

Stage 3–South 3.3 3.0 4.0 2.3 2.1 1.4 1.2 1.3 1.0 1.1 

Stage 4 3.5 3.1 4.2 2.4 2.2 1.4 1.2 1.3 1.0 1.2 

Stage 5 4.4 4.0 5.7 3.0 2.7 1.7 1.3 1.4 1.1 1.2 

 

 

 

 

 

 

 

 

 

 

 

 



Cooperative Stormwater Management Initiative                                                        CSMI Modelling and Stage Development - FINAL 

 
 

63 

Figure 6.3: Downstream Erosion Results 

 

The increase of the EPI while developing the CSMI System is shown in Figure 6.3 and the 25-year scenario 

(Stage 5 complete) remains consistent with the 2015 Water Balance Analysis.  Location F2, (Hartell 

Coulee), remains at the highest level of erosion potential and will ultimately require the most upgrades. 

As EPI levels in some locations are high in early stages of CSMI, this may lead to upgrades along critical 

sections prior to Stage 5. The results in Figure 6.3 are relatively conservative as not all flow will arrive at 

Weed Lake and Hartell Coulee simultaneously in the early stages.  
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7.0 CLIMATE CHANGE SENSITIVITY ANALYSIS 

 

Climate change is considered a risk to the CSMI System as well as to the developments upstream of the 

CSMI System. In a stormwater conveyance system such as CSMI, the potential implication of climate 

change is an increase in runoff beyond the future design flows and system capacity. This potential increase 

in runoff can be accommodated by utilizing one of the following two strategies: 

1. Expand the CSMI conveyance system. 

2. Increase on-site storage to maintain the existing release rate targets. 

 

The impacts of these solutions have been analyzed using two modelling approaches: 

1. Single Event Climate Change Analysis: This involved altering the City of Calgary intensity duration 

frequency (CC IDF) curve for the 1:100 year return period and evaluating results. 

2. Continuous Simulation Sensitivity Analysis: This involved adjusting the existing rainfall, 

temperature and evaporation data sets using monthly factors to account for climate change. 

 

If climate change is not accounted for within the developments or through the CSMI conveyance system, 

flows will utilize overflow paths into the WID system during events less than the 1:100 year frequency. 

This overflow would occur in approximately the 1:20 to 1:50 year return periods, without considering 

surplus capacity that may be available within the pond or channel freeboard. 

 

7.1 Climate Change Assumptions 

The Climate Change Adaptation Research: Vulnerabilities, Risks and Adaptation Action (VRA Report), 

prepared by WaterSMART for the City of Calgary in 2017, predicted changes in temperature and 

precipitation as a result of climate change.  

 

The change expected by the 2080s for a Representative Concentration Pathway (RCP 8.5) corresponding 

to high greenhouse gas emissions rising throughout the 21st century, was chosen for this analysis. This will 

test the sensitivity that climate change may have on the design well beyond the 25-year timeline. The 

1:100 year single event storm data as well as the hydrometric data for the 50-year continuous simulation 

analysis, including precipitation, temperature and evapotranspiration data have been adjusted to account 

for the adopted climate change scenario. Figure 7.1 provides the main factors that have been used in 

adjusting the current data sets, generated from the VRA Report. 
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Figure 7.1: VRA Report Climate Change Summary Table 

 

 

7.1.1 Single Event Design Storm 

The 24-hour 1:100 year single event design storm is used for the CSMI analysis.  Both the Chicago and Huff 

distribution storms are utilized and therefore need to be factored to include climate change.  The 1:100 

year return period corresponds to the 99th percentile extreme precipitation event outlined in Figure 7.1, 

which shows a 37.4% increase in rainfall based on the mean of the 40 global climate model ensemble.  

Applying this increase to the 24-hour data sets equates to a total rainfall volume of 123 mm per event, or 

an increase of approximately 33 mm. Similar to the original hydrology models, these models were run for 

multiple day durations to ensure all runoff is accounted for downstream, and storm events were applied 

uniformly across the Study Area with no aerial reduction to the rainfall. 



Cooperative Stormwater Management Initiative                                                        CSMI Modelling and Stage Development - FINAL 

 
 

67 

7.1.2 Hourly Precipitation Data 

Figure 7.1 shows the seasonal change of precipitation depths as a percentage and the increase during 

higher intensity storm events.  Adjustments were made to the higher intensity storms based on a daily 

time period, as well as the overall data set based on the seasonal changes in precipitation using the 

following method.  Daily precipitation data sets were used to determine adjustment factors since events 

shorter than a 24-hour storm duration are not as significant for determining the peak flows in the CSMI 

System.  

 

The City of Calgary daily precipitation data for a 51-year time period was run through a frequency analysis 

to obtain depths equating to various return periods shown in Table 7.1.  The analysis gives higher daily 

rainfall depths compared to the Calgary IDF curves for the 24-hour 1:100 and 1:50 year return period, and 

slightly lower depths for the smaller storm events. The increases for climate change daily precipitation 

events greater than a 1:2 return period were extrapolated using the mean changed for the 99th and 95th 

percentile extreme precipitation events (1:100 and 1:20 year frequency respectively) seen on Figure 7.1. 

 
Table 7.1: City of Calgary Daily Rainfall Volumes 

Return Period Daily Rainfall (mm) 
Proposed Increase due 

to Climate Change 

1:100 96.0 38% 

1:50 84.4 32% 

1:20 69.8 24% 

1:10 59.2 18% 

1:5 48.9 12% 

1:3 41.2 7% 

1:2 34.7 4% 

 
 

After increasing the daily totals representing a 1:2 year return period or higher by the percentages 

outlined in Table 7.1, the seasonal rainfall was totaled to determine adjustments for the remaining data 

points below a 1:2 year frequency rainfall event. Table 7.2 shows the VRA Report mean change in seasonal 

climate change percentages, as well as the altered percentages after increasing the rainfall depths for the 

daily events greater than a 1:2 year.  It can be seen that the winter percentage remains consistent, as 

there are generally no events that exceed the 1:2 year return period during these months. 
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Table 7.2: Climate Change Precipitation Percentages 

Season Assumed Months 
VRA Climate 

Change Estimate 
Updated Climate 

Change 

Winter Dec-Feb +16.0% +16.0% 

Spring Mar-May +19.0% +19.3% 

Summer June-Aug -8.0% -10.4% 

Fall Sept-Nov +9.0% +7.9% 

 
These updated daily adjustments as well as the changes calculated for significant events were applied to 

the City of Calgary hourly precipitation to create a new data set to use in PCSWMM. Based on the increase 

calculated for the daily totals, this approach results in a 2.7% increase to the total precipitation over 50 

years. This result differs from the annual precipitation change shown in Figure 7.1 as it considers high 

frequency storm event increases due to climate change, as well as utilizes monthly data changes from an 

entire 50-year period. 

 

7.1.3 Temperature 

As shown in Figure 7.1, seasonal temperature increases were applied to the City of Calgary daily 

temperature data resulting in an average increase of 4.9°C. 

 

7.1.4 Evapotranspiration 

The Prairie Climate Centre has completed an analysis that identified how the future local Calgary climate 

might change relative to other locations in North America.  Figure 7.2 below has been prepared, which 

identifies that the winter conditions climate in 2080 will be comparable to the current climate in Casper, 

Wyoming; while the summer and remaining months will be similar to Fort Collins, Colorado. Therefore, 

current evapotranspiration data at these locations was used to estimate the changes expected in Calgary. 

 
Table 7.3 provides the evapotranspiration data for these two locations.  Climate change values were 

selected using each location depending on the season. Casper, Wyoming data was used for the months of 

December through to March while the Fort Collins, Colorado data was used for the remaining months.  

The adopted values were then related to City of Calgary monthly potential evapotranspiration (PET) 

averages to calculate factors for each month. These factors were applied to the City of Calgary 1960-2009 

PET data set, which result in an average evapotranspiration increase of 37% and an average annual value 

of 1,433 mm.  In the single event models, the initial saturation of the LID layers were reduced by 10% in 

order to account for the dryer climate that will be expected in the future. 
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Figure 7.2: City of Calgary Future Climate Patterns 

 
 

Table 7.3: Climate Change Evapotranspiration Factors 

Month 
Monthly PET Average (mm) 

Monthly Factors 
Calgary AB Casper WY1 Ft Collins CO2 Adopted Values 

Jan 3.8 30.5 56.8 30.5 7.95 
Feb 5.3 35.6 69.5 35.6 6.75 
Mar 18.0 53.3 120.1 53.3 2.96 
Apr 55.1 78.7 156.3 156.3 2.84 
May 120.0 109.2 175.7 175.7 1.46 
Jun 157.6 149.9 211.9 211.9 1.35 
Jul 189.6 182.9 218.6 218.6 1.15 

Aug 191.1 165.1 189.6 189.6 0.99 
Sep 157.3 116.8 145.7 145.7 0.93 

Oct 101.2 78.7 111.7 111.7 1.10 

Nov 37.6 43.2 71.3 71.3 1.90 

Dec 9.4 33.0 52.2 33.0 3.50 

1. Values calculated using the Kohler-Nordenson-Fox equation fitted to Class A Pan evaporation data. 
2. Values based on the ASCE-Penman Monteith equation. 
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7.2 Land Development Models 

Using the assumptions identified in Section 7.1, an analysis was completed to determine the impacts of 

climate change on industrial and residential land uses. Land Development Models were adjusted to 

compare the results for two scenarios: 

1. Increase the pond release rate to contain the runoff within the current active storage volumes, 

2. Adjust active storage volumes to maintain the target unit area release rate of 0.8 L/s/ha. 

 

The assumed site layout including impervious percentages, LID Practices and general pond characteristics 

(side slopes, starting water levels, etc.) remains consistent to the initial analysis, as outlined in Section 4.1.  

 

7.2.1 Development Results 

If the on-site storage remains consistent (Scenario 1), the release rates should increase to avoid the ponds 

within the developments from overtopping. Table 7.4 shows the flow rates and volumes that result from 

the climate change analysis, as well as the percentage change in comparison to the base case of no climate 

change.  

 

Table 7.4: Climate Change Results – Increased Release Rate 

VCT Land Use Simulation 
Flow Rate 
(L/s/ha) 

% Increase 
Volume 

Discharge 
% Increase 

40 mm/year 

Industrial 
Single Event 2.03 154% 95 mm 28% 

Continuous 1.73 116% 26 mm/year -33% 

Residential 
Single Event 1.51 89% 68 mm 8% 

Continuous 0.90 13% 21 mm/year -46% 

129 mm/year 

Industrial 
Single Event 3.8 375% 96 mm 32% 

Continuous 7.1 788% 95 mm/year -26% 

Residential 
Single Event 2.2 175% 80 mm 24% 

Continuous 3.8 375% 116 mm/year -10% 

 

Scenario 2 involved increasing active storage on-site to avoid increased release rates into the CSMI 

infrastructure. These models show an increase in active storage volume to accommodate climate change 

similar in both single event and continuous simulation analyses (Table 7.5).   
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Table 7.5: Climate Change Results – Increased Storage Size 

VCT Land Use Simulation 
Active Storage 

(m³/ha) 
% Increase 

Volume 
Discharge 

% Increase 

40 mm/year 

Industrial 
Single Event 892 22% 95 mm 28% 

Continuous 840 15% 22 mm/year -45% 

Residential 
Single Event 608 8% 66 mm 5% 

Continuous 612 9% 21 mm/year -48% 

129 mm/year 

Industrial 
Single Event 934 4% 95 mm 31% 

Continuous 1069 19% 80 mm/year -38% 

Residential 
Single Event 711 3% 74 mm 15% 

Continuous 862 25% 104 mm/year -19% 

 

Industrial sites will require a larger increase in active storage due to climate change as these developments 

rely more on irrigation, which uses ponds to hold runoff volume after a major storm. Residential 

developments also direct runoff over large pervious surfaces before reaching the storage, which allows 

the typically drier antecedent moisture conditions to impact the development during climate change 

scenarios. 

 

7.3 CSMI Region Models 

The CSMI Region Models were assessed to reflect the implications of accommodating climate change in 

the CSMI infrastructure. The 25-Year CSMI scenario was run using the outflows from the industrial and 

residential Land Development Models that had been run using climate change data with an increased 

release rate (i.e. no additional on-site storage). Both the Existing Conditions and the 25-Year CSMI Models 

were run using the updated single event and continuous climate change data. The Existing Conditions 

Model was included to compare the effects of climate change on the region without CSMI in place.  

 

7.3.1 CSMI Region Model Results 

A number of components were examined in the CSMI Region Models, which include existing urban and 

rural catchments, Weed Lake as well as the future conveyance infrastructure. 
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Existing Catchments 

Existing urban catchments, such as West Chestermere, will contribute to the system with fewer controls 

than the new CSMI developments.  These areas show approximately a 60% increase in peak flow from 

both the single event and continuous climate change models. 

 

Rural catchments are naturally intercepted by the CSMI conveyance infrastructure and therefore must be 

accounted for when considering climate change.  Depending on catchment characteristics, the rural areas 

react differently to each climate change simulation.  The single event model showed an increase in runoff 

from rural areas between 60%-130%, while the continuous simulation analyses showed values varying 

between increases of 36% to decreases of up to 30%. The decreases are due to the increase in 

temperature and evapotranspiration data due to climate change; however, some rural area runoff still 

increased as they have minimal trapped low storage.   

 

Weed Lake (Stage 4) 

Stage 4 involves upgrades to Weed Lake that will be necessary for the 25-year development horizon.  The 

Existing Conditions Model with climate change has also been analyzed to determine the impacts on Weed 

Lake under current conditions (prior to implementing CSMI). Table 7.6 shows the HWL comparison using 

climate change data for both models and simulations.  The possibility of increasing the outfall capacity to 

meet the existing HWL was not examined. 

 

Table 7.6: Climate Change Weed Lake 1:100 Year HWL 

Model Simulation 
With Climate 

Change 
Without Climate 

Change 
HWL 

Increase 

Existing Conditions 
Single Event 1,000.01 999.84 0.17 

Continuous 999.89 999.85 0.04 

25-Year CSMI 
Single Event 1,000.41 1,000.01 0.40 

Continuous 1,000.17 1,000.03 0.14 

 

The Existing Conditions Model shows the HWL remains within the design level of 1,000.15 m for a 

1:100 year event in both the single event and continuous simulation analyses. However, the design HWL 

is exceeded as a result of climate change in the 25-year scenario. 
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CSMI Conveyance Infrastructure (Stages 1-3, 5) 

CSMI infrastructure is designed to accommodate future design flows up to a 1:100 year event.  Peak flows 

using climate change data from the single event and continuous simulation analyses are shown in 

Table 7.7, as well as percentage increase from the results without climate change. This reflects the 

scenario where the release rates form urban areas increase as discussed above. 

 

Table 7.7: Climate Change Flows 

Stage 
Single Event Continuous 

Flow (m³/s) % Increase Flow (m³/s) % Increase 

1–South 4.0 122% 2.7 46% 

2–South (Upstream of U/D) 4.0 122% 2.7 46% 

2–South (U/D and Downstream) 4.9 123% 3.8 51% 

3–South 4.9 123% 3.8 51% 

1–North 7.5 121% 5.8 72% 

2–North 8.1 138% 6.0 76% 

3–North 11.0 144% 7.4 10% 

1–East 4.0 63% 4.7 20% 

2–East 3.8, 5.4, 10.6 58% → 116% 3.5, 4.9, 8.0 -3% → -0% 

5–Hartell 6.6, 16, 19 47% → 90% 5.0, 10, 12.7 4% → -26% 

 

All peak flows increase in the CSMI infrastructure due to climate change; however, the single event 

simulation shows significantly higher increases than the continuous. The decreases shown for Stage 2–

East and Stage 5 in the continuous simulation analysis are due to the large rural area contributing to these 

in comparison to urban. 

 

These hydrology models were used primarily as a sensitivity analysis to determine how CSMI should 

accommodate climate change in the future. Work is still being completed by industry to provide improved 

estimates on the climate change data sets; however, this simulation takes into account the various 

impacts of climate change, not just rainfall. Overall, the models reflect the data adjustments made for 

climate change; however, the reaction from existing areas to climate change is difficult to predict. 

 

7.4 Climate Change Cost Analysis 

A cost analysis was completed to determine the most cost-effective way to account for climate change 

risks in the CSMI System.  This analysis used assumptions from previous work, and is summarized in 
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Appendix E. The result of this analysis was that designing developments with increased on-site storage in 

order to maintain release rates downstream is estimated to cost less than upgrading the CSMI conveyance 

infrastructure. While this design scenario involves peak flows from new CSMI developments being 

controlled upstream of the CSMI infrastructure, there may be increased peak flows caused by climate 

change from rural or existing developments intercepted by the system. Further analysis of these peak 

flows and risks associated will be required in the future. 
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8.0 CONCLUSIONS 

The following conclusions have been drawn from the various analyses conducted in this study: 

1. The ultimate design flow rates for the CSMI infrastructure. 

2. Impacts on Weed Lake and the existing downstream drainage courses. 

3. CSMI staging implications due to constraints during interim release scenarios. 

4. Impacts of climate change on the CSMI System and developments. 

 

8.1 Design Flow Rates 

It is determined that the full build-out scenario flow rates should govern the design for the CSMI 

infrastructure except for the East System. This provides opportunity to service the region that will 

continue to develop beyond 25 years. Design flow rates are shown in Table 8.1 (refer to Figure 1.1 to 

identify the corresponding CSMI infrastructure and contributing development areas). 

 

Table 8.1: Ultimate Design Flow Rates for CSMI Infrastructure (Without Climate Change) 

System Infrastructure Flow (m³/s) 

North 

Stage 1 4.3 

Stage 2 4.3 

Stage 3 4.3 

South 

Stage 1 1.9 

Stage 2 (Upstream A Canal 
Underdrain) 

1.9 

Stage 2 (A Canal Underdrain and 
Downstream) 

2.1 

Stage 3 2.8 

East Stage 1 and 2 3.9 

 

8.2 Weed Lake and Downstream Impacts 

The hydrology models conclude that the Weed Lake water levels will remain within the design HWL of 

1,000.15 m in the 25-year development scenario (see Table 8.2). 
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Table 8.2: Weed Lake Hydrology Model Results (Without Climate Change) 

Parameter 

Scenario 

Existing 
Conditions 

25-Year      
CSMI 

Weed Lake Contributing Catchment (ha) 14,600 24,100 

1:100 Year Max Water Elevation (m)1 999.85 1000.03 

1:100 Year Max Outflow (m³/s)1 2.4 4.8 

1:100 Year Max Outflow (L/s/ha using existing catchment) 0.16 0.33 

1:100 Year Max Outflow (L/s/ha using 25-Year catchment) - 0.20 

Number of Outflow Events (over 50 year total) 68 109 

Average Outflow Volume (m³/year) 943,000 4,850,000 

Average Outflow (mm/year using existing catchment) 6.5 33.2 

Average Outflow (mm/year using 25-Year catchment) - 20.1 

1. Single event and continuous simulation models were compared and most conservative result is presented. 

 

The result of the water quality analysis is similar to the 2015 Water Balance Analysis for the 25-year 

scenario (Stage 5), which concludes that CSMI stages should not result in negative impacts to Weed Lake.   

• Weed Lake Total Phosphorus levels steadily decrease as development in the CSMI Region 

increases. At the end of the 25-year scenario, there is an average decrease of approximately 35%, 

which is a desired outcome for Weed Lake as levels are currently elevated compared to most 

Alberta lakes. 

• Weed Lake average salinity levels decrease significantly once the initial CSMI areas are connected.  

These levels increase slightly as development occurs and result in a 34% decrease at the end of 

the 25-year scenario, which includes average levels in the acceptable range of 5,000 – 7,000 

us/cm. 

 

The EPI has been calculated at various points downstream of Weed Lake without any erosion protection 

measures. These values gradually increase as development progresses and each CSMI stage is 

constructed. Table 8.3 provides the EPI values in the 25-year scenario, which are similar to the previous 

2015 Water Balance Analysis results. An EPI of greater than one indicates an increase in erosion potential. 

These values will inform further design of the erosion protection measures of Stage 5 such as slope 

stabilization using bioengineering approaches including vegetation, erosion matting and riprap armoring. 
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Table 8.3: 25-Year EPI Values Downstream of Weed Lake 

Location E F1 F2 F3 F4 H L I N R 

EPI 4.4 4.0 5.7 3.0 2.7 1.7 1.3 1.4 1.1 1.2 

 

8.3 Interim Stage Hydrology Analyses 

Examples of a typical stormwater management facilities layout within the future CSMI developments are 

presented in Appendix C, as a function of the various interim CSMI development stages. 

 

8.3.1 Ultimate Continuous Release Scenarios 

Table 8.4 provides the active storage requirements for the ultimate continuous release scenario of a 

development with a UARR of 0.8 L/s/ha (after Stage 3 is complete). This can be used as a guide when 

comparing the interim release options.  

 

Table 8.4: Ultimate Continuous Release Scenario 1:100 Year Active Storage 

VCT Land Use 
Active Storage 

(m³/ha) 

40 mm/year 
Residential 562 

Commercial/Industrial 729 

129 mm/year 
Residential 692 

Commercial/Industrial 898 

 

These values are based on the modelling assumptions and analysis that have been described in this report. 

However, developers must follow applicable planning processes, design assumption standards and 

policies recommended by CSMI to confirm actual volumes required for each unique site.  

 

8.3.2 Interim Release Scenario – South 

Stage 1–2 Off-Season Release 

The South System will be restricted by the existing capacity of Langdon Ditch, which has an allowable off-

season release capacity of 0.2 m³/s assumed for the analysis: 

• Upon completion of Stage 1–South, the off-season release will discharge to Weed Lake through A 

Canal and the Langdon Ditch. 
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• The estimated contributing area utilizing an off-season release up to the end of Stage 2–South 

construction (771 ha) equates to an allowable off-season release rate of 0.26 L/s/ha after only 

considering the new developments and existing West Janet. 

• The required storage within the stormwater facilities will increase as shown in Table 8.5. The Fall 

Release Only as well as Fall and Spring Release scenarios are shown to provide an upper and lower 

bound. 

• This analysis assumes that the pond outfall is connected to CSMI. 

 

Table 8.5: South System Off-Season Release Storage Requirements 

Scenario 
Drawdown Storage 

(m³/s) 
Increase above Ultimate 

Continuous Release 

Industrial Fall Only 1,727 137% 

Industrial Fall and Spring 1,577 116% 

Residential Fall Only 1,313 134% 

Residential Fall and Spring 1,123 100% 

 

Stage 2–3 Release Scenarios 

The South System has three potential release scenarios for using Langdon Ditch during irrigation season 

or as an off-season release until completion of Stage 3–South (development area of 1,387 ha). 

• Scenario 1 Ultimate Continuous Release: Provide a continuous release, utilize on-site storage 

facilities required for the full continuous release of 0.8 L/s/ha (see Table 8.4) and allow excess 

flow beyond the capacity of Langdon Ditch to overflow into A Canal. This option results in an 

average of one to two overflow events per year. 

• Scenario 2 Off-Season Release: Maintain an off-season release until Stage 3 is fully constructed.  

This option is governed by the capacity restriction of Langdon Ditch during of season release, 

which equates to an allowable release rate of 0.14 L/s/ha for the future CSMI development area 

and existing West Janet. The drawdown storage required for the 1:100 year return period is 

shown in Table 8.6. This option would require all CSMI development in the South System to be 

designed for this scenario prior to Stage 3 being complete. 
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Table 8.6: South Stage 2 Off-Season Release Storage Requirements (Fall Release Only) 

Scenario 
Drawdown Storage 

(m³/s) 
 Increase above Ultimate 

Continuous Release1 

Industrial 1,917 174% 

Residential 1,713 205% 

 

• Scenario 3 Restricted Continuous Release: Provide a restricted continuous release (0.22 L/s/ha) 

after Stage 2, minimizing overflow into A Canal above different return periods. The resulting active 

storage required for developments is shown in Table 8.7. The return period signifies the frequency 

at which overflows occur into A Canal considering only the future CSMI developments and existing 

West Janet. 

 

Table 8.7: South System Restricted Continuous Release to the End of Stage 3 

Land Use Industrial Residential 

Return Period 
(Before Spill to A 

Canal) 

Active 
Storage 
(m³/ha) 

Increase from Full 
Continuous 

Scenario 

Active Storage 
(m³/ha) 

Increase above 
Ultimate 

Continuous Release 

1:20 728 0% 523 -7% 

1:50 908 25% 653 16% 

1:100 1,028 41% 753 34% 

 

8.3.3 Interim Release Scenario – North 

The North System will need an off-season release to operate until Stage 3–North is fully constructed. 

However, the implications on development storage sizing may be different for each stage. 

 
Stage 1–2 Off-Season Release 

The North System will not be restricted by downstream capacity for off-season release scenarios.  

• Until Stage 3 is complete, a release rate of 0.8 L/s/ha may be used for an off-season release as 

this is equal to the future allowable maximum rate. 

• Upon Completion of Stage 1–North, off-season release will discharge into C Canal. 

• Storage required for the North System is greater for the off-season release scenario compared to 

the continuous release, regardless of whether the Fall Release Only or the Fall and Spring Release 

scenario is adopted (Table 8.8). 
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 Table 8.8: North System Off-Season Release Storage Requirements 

Scenario 
Drawdown Storage 

(m³/s) 
Increase above Ultimate 

Continuous Release 

Industrial Fall Only 1,587 118% 

Industrial Fall and Spring 1,597 119% 

Residential Fall Only 1,213 116% 

Residential Fall and Spring 1,133 102% 

 

Stage 2–3 Off-Season Release 

Once Stage 2–North is completed, off-season release will discharge into South Branch B (to Weed Lake). 

Storage requirements could be reduced compared to the Stage 1-2 scenario by introducing some 

discharge into South Branch B for events lower than the 1:100-year event.  Continuous release in the 

North System is limited by acceptable amounts of stormwater conveyed through South Branch B during 

irrigation season.  

• For the ultimate continuous release scenario (0.8 L/s/ha) prior to Stage 3 (Option 1), there will be 

no CSMI development runoff in South Branch B for 75% of the time. 4% of the time the runoff 

increases to approximately half of canal capacity (Figure 5.3). 

• If on-site storage increases to accommodate up to the 1:5 year storm event with no discharge, 

there will be no CSMI development runoff in South Branch B for 85% of the time (Figure 5.4).   

• If on-site storage increases to accommodate up to the 1:20 year storm event with no discharge, 

there will be no CSMI development runoff in South Branch B for 90% of the time (Figure 5.5). 

 

8.3.4 Interim Release Scenario – East 

The East System is unique as the area directing runoff to CSMI is primarily an undeveloped rural 

catchment, which currently flows into the WID canals.   

• The capacity of the existing channel downstream of the underdrain (Stage 1–East) will restrict the 

allowable flows until the completion of Stage 2–East.  The excess flows in this case can only be 

accommodated by allowing overflow into B Canal.   

• The channel capacity of the Bazant Drain north of B Canal is approximately 0.055 m³/s. 

• Restricting the underdrain to this flow will cause approximately three to four spill events per year 

into B Canal until Stage 2–East is complete. 
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8.4 Climate Change Impacts 

According to the climate change analysis, average annual runoff volume from developments will decrease 

by approximately 11%-45%, while the 1:100 year event runoff volume increases by 28% for industrial 

developments and 8% for residential if originally designed for a VCT or 40 mm/year, and 45% for a VCT or 

129 mm/year. 

 

If maintaining the proposed storage sizing outlined in Table 8.4, release rates will increase by 

approximately 116-154% for industrial developments and 13-89% for residential developments as a result 

of climate change if originally designed for a VCT or 40 mm/year. If designed for a VCT of 129 mm/year, 

these release rates will increase by approximately 375-800% for industrial developments and 150-375% 

for residential developments. 

 

Alternatively, if the proposed peak release rates are maintained, storage requirements will need to 

increase by approximately 4-22% for industrial developments and 8-25% for residential developments, 

depending on original design VCT. 

 

Climate change results vary between the single event and continuous simulation analyses, particularly 

from the rural or pervious surfaces.  Single event results are considered a higher bound estimate and 

continuous simulation results in a lower bound estimate. 
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9.0 DISCUSSION 

Balancing the needs and objectives of all partners is one of the founding principles of CSMI. The need to 

establish a stormwater system that is sustainable, economical and can be staged over time must respect 

the need to protect the irrigation system from degradation because of urban development. Conclusions 

from this report have been discussed with CSMI partners to determine a reasonable compromise between 

all parties. Two main subjects have been discussed in pursuit of this compromise: 

• Incorporate climate change design options where appropriate. 

• Determine acceptable interim release conditions. 

 

9.1 Climate Change Design Options 

The increase in runoff due to climate change can be accommodated in multiple ways. The following two 

strategies have been analyzed: 

1. Expand the CSMI conveyance system. 

2. Increase on-site storage to maintain the existing release rate targets. 

 

The option of designing on-site storage to accommodate climate change is favorable from a cost 

perspective. Other factors or advantages of utilizing the second strategy are as follows: 

• There are existing right-of-way constraints within the CSMI conveyance system, therefore 

alternate locations may need to be analyzed or additional land acquired if upsizing pipes or 

channels is chosen. 

• Increased release rates through the CSMI System will increase the water levels of Weed Lake, 

which will be a concern to surrounding landowners and Weed Lake stakeholders (RVC and Ducks 

Unlimited).   

• The estimated costs do not include upsizing municipal conveyance infrastructure upstream of the 

CSMI System, which could increase cost substantially for developments. 

• Many municipalities are already exploring options and polices to incorporate climate change with 

their municipal designs; such as the Climate Resilience Strategy (City of Calgary, 2018). This trend 

will become more prevalent in future development. 

 

CSMI partners have agreed that accommodating increased runoff due to climate change by expanding on-

site storage to maintain existing release rates is the preferred option (see Table 7.5).  
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9.2 Interim Release Conditions 

With respect to the South and North Systems there are various options to control releases from future 

developments during the interim scenario between Stage 2 and Stage 3 (prior to ultimate continuous 

release).  These options were discussed to achieve a compromise, considering the objectives of both the 

WID and the municipalities.  The options assume the full development area for each Stage is contributing, 

which would not happen instantaneously but would take time as the communities are built. 

 

Permitting the ultimate continuous release scenario (0.8 L/s/ha) prior to completing Stage 3 results in 

excess spill events during the irrigation season, which will continue to compromise the WID’s water quality 

in their canal and main delivery system. Implementing a complete off-season release system up to 

completion of Stage 3 requires excessive on-site storage in comparison to the ultimate continuous release 

scenario. This burden would be imposed on the developers for the next 12 to 15 years until Stage 3 is 

complete.  

 

The relationship between on-site storage versus spill events was explored in the pursuit of a reasonable 

compromise. An analysis was completed that assumed developments will accommodate climate change 

on-site through increased storage, as per Section 7.2.1, Scenario 2. The active storage required for climate 

change analysis (for a development originally designed for a VCT of 40 mm/year) are compared to the 

ultimate continuous release scenario Table 9.1.  

 

Table 9.1: Continuous Release Scenario with Climate Change Active Storage - South and North System 

Land Use 
Active Storage with 

Climate Change (m³/ha) 
Active Storage without 
Climate Change (m³/ha) 

Residential 612 562 

Commercial/Industrial 892 729 

 

Due to timing, the analysis of the operation of the stormwater ponds through Stage 3 does not require 

the inclusion of increased runoff due to climate change.  

 

For the South System, the restricted continuous release scenario show in Section 5.3.2 is the preferred 

option as it will reduce the storage requirements compared to an off-season release, while keeping within 

the capacity of the Langdon Ditch and minimizing spills into A Canal. The frequency of spills into A Canal 
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is dependent on the return period the storages accommodate before spill occurs. Utilizing a restricted 

continuous release and considering developments provide the additional storage requirements for 

climate change, the corresponding return periods (levels of service) are illustrated in Figure 9.1 and 

Figure 9.2. These are: 

• 1:47 year for industrial 

• 1:41 year for residential 

 

Figure 9.1: Restricted Continuous Release Storage Requirements (Industrial) 

  

 

Figure 9.2: Restricted Continuous Release Storage Requirements (Residential) 
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Because the time frame between Stage 2 and Stage 3 involves a solution that is interim, the criteria of an 

off-season release that does not cause overflow in 1:100 year return period may be unnecessary for the 

North System. South Branch B flow proportions were analyzed for a scenario where the climate change 

storage corresponding to the ultimate continuous release rate would be utilized on-site (as per 

Section 7.2.1 Scenario 2). The release from the ponds would occur when the cumulative runoff over the 

summer exceeds the available storage capacity of the ponds. Figure 9.3 and Figure 9.4 show the flow 

proportions entering South Branch B during irrigation season, if release is allowed in the Fall Release Only 

or the Fall and Spring Release respectively. 

 

Figure 9.3: Off-Season Release Fall Release Only Climate Change Pond 
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Figure 9.4: Off-Season Release Fall and Spring Release Climate Change Pond 

 

The partners have determined that the Fall and Spring off-season release scenario is acceptable, as more 

than 90% of the time there is no CSMI stormwater present in South Branch B. Only 0.5% of the time 

approximately half of the flow through South Branch B contains CSMI stormwater. This scenario results in 

discharge from the storage facilities occurring at approximately a 1:26 year return period. 

 

9.3 Discussion and Results Summary 

Table 9.2 shows a summary of the storage requirements for each stage and release option explored in 

the analyses. These values are based on the modelling assumptions and analysis that have been described 

in the report. However, developers must follow applicable planning processes, design assumption 

standards and policies recommended by CSMI to confirm actual volumes required for each unique site, 

which will be included in the CSMI stormwater design guidelines. 
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Table 9.2: Storage Requirements Summary 

South System  
(RVC - East Janet and West Janet 

City of Calgary - Belvedere) 

Industrial Residential 

Storage 
Requirements 

(m³/ha) 

Increase above 
Ultimate 

Continuous 
Release 

Storage 
Requirements 

(m³/ha) 

Increase above 
Ultimate 

Continuous 
Release 

Stage 
Constructed 

Release Condition VCT 40 mm/year 

Current Zero Release >1,727 - >1,313 - 

Stage 1 
Off-Season Release 

(1:100 Year) 
1,727 137% 1,313 134% 

Stage 2 

Off-Season Release 
(1:100 Year) 

1,917 174% 1,713 205% 

Restricted 
Continuous Release  

(1:100 Year) 
1,028 41% 753 34% 

Restricted 
Continuous Release2 

(1:47 Year Industrial) 
(1:41 year 

Residential) 

892 22% 612 9% 

Stage 3-5 
Ultimate Continuous 

Release 
729 - 562 - 

North System  
(RVC - Conrich and Omni) 

VCT 40 mm/year 

Current Zero Release >1,587 - >1,213 - 

Stage 1 
Off-Season Release 

(1:100 Year) 
1,587 118% 1,213 116% 

Stage 2 

Off-Season Release 
(1:100 Year) 

1,587 118% 1,213 116% 

Off-Season Release2 
(1:26 Year) 

892 
(≈ 1,278 

drawdown 
volume) 

75% 

612 
(≈ 984 

drawdown 
volume) 

75% 

Stage 3-5 
Ultimate Continuous 

Release 
729 - 562 - 

East System  
(Wheatland County and Town of 

Strathmore) 
VCT 129 mm/year 

Stage 3-5 
Ultimate Continuous 

Release 
898 - 692 - 

1. Rows shown in grey are options explored in the analyses but not preferred by CSMI partners. 
2. Scenarios utilize active storage sized to accommodate climate change for an interim stage.  
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10.0 RECOMMENDATIONS 

The recommendations resulting from the analysis, conclusions and discussion of this report are as follows: 

• Utilize the full build-out design flows for the conveyance system in Stages 1–3, as per Table 8.1. 

• Implement an operations program that will facilitate off-season release in the spring and fall. 

• Restrict the flows through the B Canal underdrain (Stage 1–East) to avoid negatively impacting 

the Bazant Drain downstream. 

• The future stormwater management ponds should account for the increased runoff and peak flow 

due to climate change within the municipal developments in order to accommodate the interim 

conditions and restrictions, while following typical wet pond design guidelines and maintaining 

CSMI targets (UARR and VCTs).  

• Utilize an off-season release through to the complete construction of Stage 2. 

• Between completion of Stage 2 and Stage 3, utilize on-site storages sized for climate change under 

the ultimate continuous release conditions to minimize overflows or mixing with the WID system 

during interim conditions.   

o South – Utilize a restricted continuous release. 

o North - Utilize an off-season release with outflows occurring at a return frequency of less 

than 1:100 year. 

o Due to timing, the analysis of the operation of the stormwater ponds through Stage 3 

does not require the inclusion of increased runoff due to climate change.  

• Pond volumes have been based on a number of development assumptions. Actual volumes for 

future development will be subject to change based on specific and respective design 

configurations.  It is recommended that stormwater design guidelines be established for the CSMI 

Region in order to provide consistency in the design methodology of CSMI developments that 

would include, but are not limited to: 

o Target UARR for all stages of CSMI. 

o Types of models and simulations to be used in design. 

o Modelling boundary conditions. 

o Hydrometric inputs and assumptions. 

o Operational and interim system considerations. 

o LID modelling guidance. 
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APPENDIX A 

 

PCSWMM Model Input and Output Files 

(See Separate Document) 
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APPENDIX B 

 

Ghostpine Desktop Wetland Assessment 
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APPENDIX C 

 

Development Storage Examples 
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APPENDIX D 

 

Water Balance Assumptions and Stage Results 

  



Water Quality Input Assumptions

TP EC TP EC TP EC TP EC TP EC TP EC TP EC
(mg/L) (µS/cm) (mg/L) (µS/cm) (mg/L) (µS/cm) (mg/L) (µS/cm) (mg/L) (µS/cm) (mg/L) (µS/cm) (mg/L) (µS/cm)

1 0.014 200 0.58 6000 0.558 1280 0.25 1284 0.35 5800 0.1 1070 0.25 700
2 0.014 200 0.48 6000 0.558 1280 0.25 1284 0.35 5800 0.1 1070 0.3 700
3 0.014 530 0.68 6000 1.2 1280 0.25 1356 0.35 5800 0.1 1130 0.3 700
4 0.022 530 0.85 6000 0.8 1280 0.25 1356 0.35 5800 0.1 1130 0.4 896
5 0.022 360 0.67 6000 0.9 2040 0.33 1548 0.35 5800 0.15 1290 0.4 896
6 0.049 360 0.35 6000 1.3 2040 0.33 1548 0.35 5800 0.15 1290 0.35 840
7 0.049 360 0.4 6000 1 1620 0.33 1548 0.35 5800 0.15 1290 0.3 840
8 0.049 360 0.48 6000 0.844 1620 0.15 1212 0.35 5800 0.08 1010 0.2 700
9 0.022 360 0.5 6000 0.844 1620 0.15 1212 0.35 5800 0.08 1010 0.2 700
10 0.014 360 0.55 6000 0.844 1640 0.15 1212 0.35 5800 0.08 1010 0.2 700
11 0.014 200 0.45 6000 0.558 1280 0.25 1284 0.35 5800 0.1 1070 0.2 700
12 0.014 200 0.8 6000 0.558 1280 0.25 1284 0.35 5800 0.1 1070 0.2 700

Month
Irr Langdon DitchIrrigation ExWWTP Rural RO Ex Urban Future WWTP Future Urban SW



Weed Lake Total Phosphorus Levels – Stage 2S 

 

Weed Lake Total Phosphorus Levels – Stage 2N  

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1960 1969 1979 1989 1999 2009

To
ta

l P
h

o
sp

h
o

ru
s 

(m
g/

L)

Date

Existing

CSMI Stage 2S

0

0.2

0.4

0.6

0.8

1

1.2

1960 1969 1979 1989 1999 2009

To
ta

l P
h

o
sp

h
o

ru
s 

(m
g/

L)

Date

Existing

CSMI Stage 2N



Weed Lake Total Phosphorus Levels – Stage 3N 

 

Weed Lake Total Phosphorus Levels – Stage 3S 
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Weed Lake Total Phosphorus Levels – Stage 4 

 

Weed Lake Total Phosphorus Levels – Stage 5 
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Weed Lake Salinity Levels – Stage 2S 

 

Weed Lake Salinity Levels – Stage 2N 
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Weed Lake Salinity Levels – Stage 3N 

 

Weed Lake Salinity Levels – Stage 3S 
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Weed Lake Salinity Levels – Stage 4 

 

Weed Lake Salinity Levels – Stage 5 
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APPENDIX E 

 

Climate Change Cost Analysis 
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Climate Change Cost Analysis 

Cost increases have been estimated for the two proposed strategies (CSMI conveyance vs. onsite storage) 

in order to compare the implications of climate change. Many assumptions were made to develop high-

level cost comparisons. All cost comparisons have assumed that the design incorporates climate change 

from the beginning of the project. Options to expand systems in the future when required have not been 

considered for this study.  

 

Expand CSMI Conveyance – Cost Assumptions 

Cost estimates from the 2015 Water Balance Analysis were used to establish these calculations. These 

costs provided adequate information for a high level comparison involving climate change.  

 

Proposed infrastructure throughout the CSMI conveyance system was expected to accommodate climate 

change. Constructed wetlands, LID research and rural BMP costs have not been altered to account for 

climate change. The following components have been adjusted: 

• New Channels: Cross sections of the proposed channels were altered simply by increasing the 

base width of the channels, which increases the overall excavation costs. 

• Culverts, Underdrains and Structures: The additional costs to culverts and special structures were 

factored based on the relative flow increase at each location. 

• Stage 1–South Pipes: The Stage 1–South bypass pipe cost was also factored based on increased 

flow at that location.  A cost was added to upgrade the existing Rainbow Falls outlet pipe as its 

capacity will be exceeded as a result of climate change. A second pipe was added to this segment 

of the infrastructure. 

• Stage 4: Stage 4 costs include upgrades to Weed Lake to accommodate a higher HWL as a result 

of larger flows from upstream. Costs are included to acquire extra land (at $50,000/ha) and 

earthwork for extra berms. 

• Stage 5: After Weed Lake is expanded, impacts of climate change on the conveyance system 

downstream (Stage 5) will be primarily due to rural increases and not related to CSMI.  Therefore, 

the Stage 5 cost have not been increased for climate change. 

 

Increased On-Site Storage – Cost Assumptions 

Cost assumptions for on-site storage were developed for both the current data and climate change 

analysis. Storage sizes will differ for each development; however, the land use assumptions have remained 
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consistent in order to accurately analyze the impact of climate change. Commercial/Industrial and 

Residential land uses were analyzed separately and the results were multiplied by the 25-year 

development projections for the CSMI Region. 

 

Storage construction cost, as well as the associated land cost, were estimated and kept consistent for all 

storages in both analyses (with and without climate change). Land costs were estimated at $370,000/ha 

($150,000/acre).  General pond characteristics include: 

• Total depth of 4 m, 

• Active storage depth of 2 m, 

• 5:1 side slopes, 

• Additional easement width of 15 m beyond storage limits. 

 

In order to equally compare both strategies, cost increases to the CSMI conveyance infrastructure due to 

existing rural and urban catchments have been included in the analysis. 

 

Cost Analysis Results 

Cost analysis results are shown in Table 1 as a comparison between estimated cost increases for both 

strategies. 

Table 1: Climate Change Infrastructure Cost Comparison  

Option 
Approximate Additional Cost 

Single Event Continuous Simulation 

Expand CSMI Conveyance - Cost Increase $53,430,000 $25,540,000 

Increased On-Site Storage - Cost Increase $49,620,000 $17,240,000 

  

Designing developments with increased on-site storage in order to maintain release rates downstream is 

estimated to be less cost than upgrading the CSMI conveyance infrastructure.  
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