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EXECUTIVE SUMMARY 

The Town of Blackfalds has retained Stantec Consulting Ltd. to prepare a Master 
Stormwater Management Plan for the Town’s Northwest Area.  This study provides a 
conceptual design for the overall Northwest Area storm drainage system which ensures 
that future development within Northwest Blackfalds will have an adequate outlet, and 
also forms part of the Water Act Application 001-00387959. 

In 2013, MPE Engineering Ltd. was commissioned by Lacombe County, Ponoka County, 
City of Lacombe, and Town of Blackfalds to complete a Master Drainage Plan (MDP) 
study for the Wolf Creek and Whelp Brook Watersheds. Several land owners located 
along Wolf Creek and Whelp Brook had voiced concerns about perceived 
conveyance capacity limitations along these water courses; therefore, Alberta 
Environment and Parks (AEP) requested that the municipalities undertake the MDP 
study.  The final report for Master Drainage Plan for the Wolf Creek and Whelp Brook 
Watersheds, was generated by MPE Engineering Ltd. on August 31, 2014.  Water Act 
Approval No. 00358426-00-00 was granted to the municipalities on August 24, 2015 to 
carry out the drainage improvements identified by the MDP. 

The Wolf Creek and Whelp Brook Watersheds Master Drainage Plan prescribes pre-
development release rates of 0.11 L/s/ha, 0.28 L/s/ha, and 2.0 L/s/ha for the 1:2 year, 
1:5 year, and 1:100 year storm events, respectively. This report demonstrates that the 
Northwest Area Storm System will meet these pre-development release rates. 

Additional Whelp Brook modeling was completed in 2017 to support the Lacombe 
Intermunicipal Development Plan, 2017 Servicing Study.  The City of Lacombe and 
Lacombe County Whelp Brook Flood Hazard Mapping Study was completed by MPE in 
September 2017.  Given that the southern limit of the 2017 Whelp Brook modeling was 
Highway 12, the MPE study did not verify whether Lacombe Lake, nor Whelp Brook 
upstream of Highway 12, could provide sufficient conveyance for upstream 
development areas. However, the continuous simulation results provided within this 
report demonstrate that the difference between long term pre and post development 
runoff volumes in Whelp Brook is only approximately 6.8%.  The single event modeling 
also shows that the 1:100 year unit area release rate from Lacombe Lake is 0.48 L/s/ha. 
Therefore, the resulting post-development release rates are well below the 1:100 year 
pre-development flow rate and as such, no impact will occur to the downstream 
environment.  

The pre-development catchment area for rural undeveloped lands draining to 
Lacombe Lake is estimated to be 1,300 ha.  The pre and post development catchment 
area for rural undeveloped lands draining to Whelp Brook located on the north side of 
Lacombe Lake where the brook crosses Range Road 272 is estimated to be 3,697 ha.  
The Northwest Area gross development area is 512 ha, but 490.58 ha of the Northwest 
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Area is assumed to have no overland drainage to Lacombe Lake for pre-development 
conditions due to the high rate of infiltration in the Northwest Blackfalds Area. 

The Northwest Area is characterized by knob and kettle topography with numerous wet 
low areas that do not have an effective overland spill route/outlet for pre-development 
conditions.  However, as elaborated on in the Stantec letter report, “Blackfalds 
Northwest Area Desktop Hydrogeological Assessment” dated May 28, 2018 and 
provided in Appendix D, the local hydrogeology is such that there is significant sub-
surface flow towards the north, which is intercepted by Lacombe Lake.  Additional 
findings from this letter report include: 

o The natural wetlands and proposed stormwater management ponds should 
behave similarly based on the proposed unlined stormwater management 
facility (SWMF) design, allowing interaction between surface water features and 
the groundwater environment; 

o The long-term average for rates of groundwater recharge, and eventual 
discharge to Lacombe Lake should remain similar to pre-development 
conditions and the overall volume of water entering Lacombe Lake should not 
change significantly between pre and post development conditions; and 

o High infiltration rates are expected based on surficial geology descriptions and 
lithological records. Infiltration rates are expected to range from 1.1 - 45 
mm/hour depending on soil texture as determined from geotechnical grain-size 
analysis and analytical permeability calculations (10mm/hour is considered a 
reasonable and realistic rate of infiltration). 

In approximately 1972 a diversion structure was constructed on Whelp Brook at Range 
Road 272, such that when the sluice gate was closed, as portion of the Whelp Brook 
flows could be diverted towards Lacombe Lake through the previously described 
ditch/culvert system.  Lacombe County holds the existing license (No. 1450 in the North 
Saskatchewan River Basin) that permits water to be diverted from Whelp Brook to 
Lacombe Lake.  However, our understanding is that the County’s long-term intent is to 
leave the Whelp Brook diversion structure open, such that no intentional diversion from 
Whelp Brook to Lacombe Lake occurs. 

The single event modeling results show that under the existing configuration for pre-
development conditions that Whelp Brook would begin to back up into Lacombe Lake 
during an event that exceeds the 1:10 design storm event, and this would occur when 
the sluice gate on the Whelp Brook control structure at Range Road 272 is left 
completely open.  The occurrence of Whelp Brook backing up into Lacombe Lake 
would result from existing conveyance capacity limitations of Whelp Brook at Range 
Road 272, rather than a result of any specific interventions or operational schemes.   
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The single event analysis results provided in the report body estimate that the difference 
between pre and post development Lacombe Lake water levels for the 1:100 year 
design storm event is 0.09 m, and the 1:100 year unit area discharge rate from the lake 
is only 0.48 L/s/ha.  These results assume no changes to the existing conveyance 
infrastructure at the outlet to Lacombe Lake or on Whelp Brook at Range Road 272. 

Continuous simulation modeling over a 23 year period estimates the difference 
between pre and post development average annual runoff volumes at the Lacombe 
Lake outlet is increased approximately 35%, and the difference between pre and post 
development average annual runoff volumes in Whelp Brook is increased 6.8%.   

This report provides results from a sediment removal analysis, which demonstrates that 
the SWMF proposed for the Northwest Area Storm System will provide water quality 
improvement that exceeds the Alberta Environment and Parks (AEP) criteria for 
removing 85% of Total Suspended Solids (TSS), for sediment particles 75 microns and 
larger. The expected level of removal of other contaminants such as phosphorus was 
also analyzed and is included in this document. 

Based on the results of the Stantec letter report, “Blackfalds Northwest Area Desktop 
Hydrogeological Assessment”, the expected regional average stormwater 
management facility infiltration rate of 10 mm/hour, results in only 3% of the total 
stormwater management facility inflows being discharged offsite. 

The single event and continuous simulation analyses provided in this report demonstrate 
a negligible impact to downstream water bodies, and that Lacombe Lake and Whelp 
Brook are capable of providing an adequate outlet. 

The Town of Blackfalds is committed to preserving wetlands and other natural water 
bodies through their incorporation into proposed developments and regional storm 
systems.  The Town, through their consultants, are designing storm systems to work with 
existing topography and natural systems. This report is in alignment with this 
commitment by preserving existing water bodies and wetlands, and by utilizing existing 
drainage routes for stormwater conveyance. 

The Town of Blackfalds has committed funding to the development of an Environmental 
Stewardship/Master Plan which will guide internal and external stakeholders on policies 
and Best Management Practices (BMPs) for items such as, but not limited to, roadway 
deicer usage, fertilizer and pesticide usage, water and energy conservation, air quality, 
waste management and composting, and pharmaceutical disposal.  The 
Environmental Stewardship/Master Plan is a living document that facilitates policies and 
BMPs evolving over time to meet the changing demands of the community and 
environment. 
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RECOMMENDATIONS 

The following items are respectfully recommended for AEP’s consideration:   

A. The Northwest Storm Trunk is proposed to drain from the north end of Pond ‘A’ 
through approximately 420 m of 900 mm diameter storm trunk, where it will outlet 
to the south end of Pond ‘C’.  After conveying through Pond ‘C’ it will drain 
through approximately 40 m of 900 mm diameter storm trunk under Township 
Road 40-0, continue through the proposed system approximately 370 m 
northwest through a constructed linear wetland, and then outfall to a natural 
drainage course that further drains north to Lacombe Lake. Although the analysis 
shows very low release rates, this trunk is sized to accommodate the 1:100 year 
event with no SWMF infiltration because stormwater management facilities 
should not be designed to rely on infiltration alone.  

B. The Town of Blackfalds is committed to applying the specific Best Management 
Practices (BMPs) of oil and grit separators for potential “hot spots”, the hybrid 
stormwater management facilities proposed in this report, and an increased 
topsoil thickness to a total of 25 cm to 30 cm (local supply permitting). 

C. Hybrid stormwater management facilities, which include both permanently wet 
and semi-wet wetland areas within the facility, are universally proposed for the 
Northwest Area.   The hybrid storm pond parameters defined in this report outline 
the required ratio of semi-wet (infiltration) pond areas to permanently wet pond 
areas, for which subsequent analyses have quantified the resulting infiltration 
(runoff volume control) and water quality improvement performance for a 
facility with these design parameters. 

D. It is recommended that water quality data be collected as part of the Northwest 
Area Water Act Approval. This data will provide valuable information that will 
help to guide the evolution of the Town’s Environmental Stewardship Plan; thus, 
providing a means to tailor the policies and BMPs that provide protection to the 
users located downstream of the Blackfalds Northwest Area. 

E. The proposed Northwest Area drainage project will provide the future 
development area with an adequate stormwater outlet. Therefore, it is 
recommended that the pending Water Act approval for the Northwest Area 
Master Stormwater Management Plan be approved based on the results 
provided in this study/analysis. 
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1.0 Background 

1.1 INTRODUCTION 

The Town of Blackfalds has retained Stantec Consulting Ltd. to prepare a Master 
Stormwater Management Plan for the Town’s Northwest Area.  The Town of Blackfalds is 
located approximately 8 km north of the City of Red Deer, and the existing Town is 
approximately divided in half by Highway 2A.  Please see Figure 1.0 - Study Area, 
located at the end of this report section.  The Northwest Area gross development area 
is approximately 512 ha; however, the net developable area is approximately 455 ha.  
Of the 512 ha total area, Lacombe County wishes to contribute approximately 35.8 ha 
of future development which is located on the west side of Highway QE2, and Highway 
QE2 also contributes 20.70 ha.  Therefore, the Town lands gross development area is 
approximately 456 ha, and the net developable area is approximately 419 ha.  The 
primary areas proposed for development are located the following quarter sections: 

Town Lands 

• Section 34, Range 39, Township 27, W4M, 

• W1/2, Section 35, Range 39, Township 27, W4M 

• SE Quarter, Section 35, Range 39, Township 27, W4M 

• NW Quarter, Section 26, Range 39, Township 27, W4M 

• W1/2, Section 27, Range 39, Township 27, W4M 

County Lands 

• NE Quarter, Section 28, Range 39, Township 27, W4M 

• SE Quarter, Section 33, Range 39, Township 27, W4M 

• SE Quarter, Section 35, Range 39, Township 27, W4M. 

This study will provide a conceptual design for the overall Northwest Area storm 
drainage system, and also forms part of a Water Act application for the approval of a 
Master Stormwater Management Plan.  A preliminary design for the Northwest Area 
Storm Trunk is also being completed in conjunction with this study. The 
conceptual/preliminary designs will provide a valuable blueprint to be followed during 
subsequent planning and development activities, and will facilitate the development 
of funding mechanisms. 
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The Town of Blackfalds is committed to preserving wetlands and other natural water 
bodies through the incorporation into proposed developments and regional storm 
systems.  The Town, and their consultants, are designing storm systems to work with 
existing topography by preserving existing water bodies and wetlands, and by utilizing 
existing drainage routes for stormwater conveyance.  

1.2 EXISTING CONDITIONS 

The future development areas within the Town are bound by Queen Elizabeth II 
Highway and Lacombe County on the west side, Highway 2A on the east side, 
Township Road 40-0 on the north side, and the existing town extents on the south side.  
Township Road 40-0 also forms the boundary between the Town of Blackfalds and 
Lacombe County. The Aurora Heights, Aspen Lake West, and Valley Ridge are the 
active developments located on the leading edge of the north side of Town. 

The future development areas are currently used for farming operations that include 
hay, pasture, and small grain agriculture.  During the planning of the Aurora Heights 
Development the existing natural waterbody Pond ‘A’ was claimed as Public Lands, 
and Pond ‘B’ was not.  It is also our understanding that the existing wetland located 
north of the Valley Ridge development and east of Highway QE2 was also claimed as a 
Crown waterbody. 

On February 2, 2017 Stantec submitted a letter to AEP entitled, “Supporting information 
for Blackfalds NW Project Water Boundary Review within portions of NE 34-39-27 W4M 
and SE 3-40-27 W4M.  On May 30, 2017 AEP informed the Town and their consultants 
that both Pond ‘C’ (W2) and the natural wetland (W1) located immediately north of 
Township Road 40-0 (Pond ‘D’) would be claimed as public waterbodies.  The relatively 
small wetland (W3) located between Pond ‘C’ and Pond ‘A’ was not claimed.  A figure 
identifying the above mentioned waterbodies, and the May 30, 2017 response from 
AEP is provided in Appendix F.  

Similar to the rest of the Town of Blackfalds, the Northwest Area is characterized by 
knob and kettle topography with numerous wet low areas that do not have an 
effective overland spill route/outlet for pre-development conditions.  However, as 
elaborated on in the Stantec letter report, “Blackfalds Northwest Area Desktop 
Hydrogeological Assessment” dated May 28, 2018 and provided in Appendix D, the 
local hydrogeology is such that there is significant sub-surface flow towards the north, 
including Lacombe Lake. 

1.3 EXISTING STUDIES 

In 2013 MPE Engineering Ltd. was commissioned by Lacombe County, Ponoka County, 
City of Lacombe, and Town of Blackfalds to complete a Master Drainage Plan study for 
the Wolf Creek and Whelp Brook Watersheds. Several land owners located along Wolf 
Creek and Whelp Brook had voiced concerns about perceived conveyance capacity 
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limitations along these water courses; therefore, Alberta Environment and Parks (AEP) 
requested that the municipalities undertake the study.  The final report for Master 
Drainage Plan for the Wolf Creek and Whelp Brook Watersheds, was generated by MPE 
Engineering Ltd. on August 31, 2014.  Water Act Approval No. 00358426-00-00 was 
granted to the municipalities on August 24, 2015.   

Additional Whelp Brook modeling was completed in 2017 to support the Lacombe 
Intermunicipal Development Plan, 2017 Servicing Study.  The southern extent of the 
additional modeling was Highway 12.  The City of Lacombe and Lacombe County 
Whelp Brook Flood Hazard Mapping Study was completed by MPE in September 2017.  
Given that the southern limit of the 2017 Whelp Brook modeling was Highway 12, the 
MPE study did not verify whether Lacombe Lake, nor Whelp Brook upstream of Highway 
12, could provide sufficient conveyance for upstream development areas. 

The Aurora Heights Stormwater Management Report was submitted on behalf of Aurora 
Heights Inc. by Stantec Consulting Ltd. On July 14, 2014.  However, continued 
development of the Aurora Heights development has been delayed because AEP has 
concerns over the Blackfalds Northwest Area not currently having an adequate outlet. 

The Aspen Lake West Stormwater Management Report was submitted on behalf of 
Aspen Lake West Development Inc. by Stantec Consulting Ltd. on June 30, 2015.  
However, continued development of the Aspen Lake West development has been 
delayed because AEP has concerns over the Blackfalds Northwest Area not currently 
having an adequate outlet, and that was the original impetus for this report. 
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2.0 Methodology and Input Data 

2.1 STUDY OBJECTIVES 

The active developments located on the north side of the Town of Blackfalds are 
currently being restricted because the Northwest Area does not currently have an 
adequate outlet in terms of storm drainage. 

This study will provide a conceptual design for the overall Northwest Area Storm System. 
The study will provide preliminary storage volumes, discharge rates, land requirements, 
and design elevations of proposed stormwater management facilities.  It will also 
provide preliminary alignments, dimensions, design elevations, and design flow rates of 
the proposed Northwest Area Storm Trunk. Preliminary design drawings for the Northwest 
Area Storm Trunk are also being completed in conjunction with this study, under 
separate cover.  

The primary objective of this study is to provide a storm system design and framework 
that will ultimately provide an adequate outlet for the Northwest Area, and 
subsequently facilitate regulatory approvals and further development in the area. The 
conceptual/preliminary designs will provide detailed plan to be followed during 
subsequent planning and development activities and will facilitate the development of 
funding mechanisms. 

As previously mentioned, the Town of Blackfalds is committed to preserving wetlands 
and other natural water bodies through their incorporation into proposed 
developments and regional storm systems.  The Town, through their consultants, are 
designing a storm system to work with existing topography by preserving existing water 
bodies and wetlands, and by utilizing existing drainage routes for stormwater 
conveyance. 

The ultimate goal is to demonstate an adequate stormwater outlet for the Northwest 
Blackfalds area and obtain an approval from AEP for this Master Stormwater 
Management Plan report, so that the proposed Northwest Area Storm System can be 
constructed, such that development can occur in this area. 
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2.2 PRE-DEVELOPMENT DISCHARGE RATE 

The project area falls within the study area of the Master Drainage Plan for the Wolf 
Creek and Whelp Brook Watersheds (MPE, August 2014), and as such must meet the 
pre-development release rate of 2.0 L/s/ha for the 1:100 year storm event, as outlined in 
the previously named study. Water Act Approval No. 00358426-00-00 was granted to 
the municipalities on August 24, 2015 for the Master Drainage Plan (MDP).  Please also 
note that the Master Drainage Plan prescribes pre-development release rates of 0.11 
L/s/ha and 0.28 L/s/ha for the 1:2 year and 1:5 year storm events, respectively. 

2.3 COMPUTER MODELING 

The PCSWMM computer model (Version 5.0.022) was used in this study to perform single 
event and continuous simulation analyses.  PCSWMM has a proprietary graphical user 
interface developed by Computational Hydraulics, Inc. (CHI) in Guelph, Ontario, but is 
based on the EPA SWMM5 computational engine. 

The PCSWMM can utilize steady state, kinematic wave or full dynamic wave routing 
methods which considers various hydrologic processes, such as: precipitation; 
evaporation; snow accumulation and melting.  By providing input data on rainfall and 
land use, the PCSWMM model can be used to generate runoff for specific catchments.  
Algorithms in PCSWMM can then be used to model the conveyance of runoff through 
pipes or in open channels, and reservoir routing can also be done to represent the 
attenuating effects of storage found in traplows and/or stormwater management 
facilities. 



TOWN OF BLACKFALDS NORTHWEST AREA 
MASTER STORMWATER MANAGEMENT PLAN    
Methodology and Input Data 
May 30, 2018 

db v:\1139\active\113929434\07_reports_studies\swm_report_may30_2018\report_nw_swm_may30_2018_bd1_r0.doc 2.3  

2.4 DESIGN STORM 

Chicago design storms with 1:2, 1:5, 1:10, 1:25, and 1:100 year return periods, 24 hour 
durations, and 5 minute time increments, were used to analyze the proposed storm 
system. 

Rainfall intensities for the Chicago distribution were determined from an intensity-
duration-frequency (IDF) relationship that is described as 

     i = a / (t + b)c   [1] 

Where i is intensity (mm/hr), a, b and c are IDF parameters and t is the time duration 
(minutes). The time to storm peak is determined by 

   tp / td = r or    tp = r(td)   [2] 

Where tp is the time to peak and r is the ratio of time to peak versus storm duration, td. 

The following parameters were used to generate the Chicago design storm, and these 
parameters were developed from the Environment Canada IDF data for the Red Deer 
Airport (3025480), with data from 1959 – 2012. Please refer to Appendix B for a graphical 
representation of the 1:100 year Chicago design storm utilized.  

a = 248.1 b = 2.27    c = 0.679 r = 0.30 (1:2 year, 24 hour duration) 
a = 354.2 b = 1.77    c = 0.684 r = 0.30 (1:5 year, 24 hour duration) 
a = 423.5 b = 1.65    c = 0.686 r = 0.30 (1:10 year, 24 hour duration) 
a = 513.1 b = 1.49    c = 0.688 r = 0.30 (1:25 year, 24 hour duration) 
a = 644.6 b = 1.41    c = 0.689 r = 0.30 (1:100 year, 24 hour duration) 

2.5 CONTINUOUS SIMULATION 

Continuous simulation modeling was completed to assess potential changes to pre 
versus post development runoff volumes, the potential effects of back to back storms 
on Lacombe Lake, and also to complete a sediment removal performance analysis for 
the type of stormwater management facilities proposed for the Northwest Area. 

Continuous simulation analysis was completed using daily rainfall totals recorded at the 
Environment Canada Lacombe CDA2 (3023722) precipitation gauge, over a 23 year 
period from 1995 to 2017. 
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3.0 Hydrology 

3.1 SUB-CATCHMENT DELINEATION 

The pre-development sub-catchments for the Town of Blackfalds Northwest Area were 
delineated based upon the DEM topographical data that was collected in 2016, and 
as shown in Figure 3.0 - Northwest Area Pre-development Storm Sub-catchments, 
located at the end of this report section.  Land ownership considerations resulted in 
slightly revised post-development sub-catchment boundaries, which can be seen on 
Figure 3.1 – Northwest Area Storm System, also located at the end of this report section. 

The pre-development catchment area for rural undeveloped lands draining to 
Lacombe Lake is estimated to be 1,300 ha.  Please see Figure 3.2 - Lacombe Lake Rural 
Catchment Area, located at the end of this report section.  The existing Total Energy 
Services, Inc. Industrial Park (TES), located in the SW Quarter, Section 28, Range 39, 
Township 27, W4M, has an industrial/commercial land use, a development area of 56.8 
ha, and drains through the Lacombe Lake rural catchment area via natural drainage 
courses.  It was developed prior to the adoption of the Wolf Creek and Whelp Brook 
Watershed Master Drainage Plan (MPE 2014).  The TES development has a stormwater 
management system that meets a pre-development release rate of 3.1 L/s/ha for the 
1:100 year design storm event, but does not meet pre-development rates for any of the 
lesser design storm events, as does the Wolf Creek and Whelp Brook Master Drainage 
Plan. 

The pre and post development catchment area for rural undeveloped lands draining 
to Whelp Brook located on the north side of Lacombe Lake where the brook crosses 
Range Road 272 is estimated to be 3697 ha.  Please see Figure 3.3 – Whelp Brook Rural 
Catchment Area, located at the end of this report section. 

The Northwest Area gross development area is 512 ha, but the net developable area is 
closer to 455 ha once the wetlands and environmental reserves are subtracted.  Due to 
the local knob and kettle geography, 512 ha – 21.42 ha (sub-catchment areas SC20 & 
SC22) = 490.58 ha of the Northwest Area is assumed to not have overland drainage to 
Lacombe Lake for pre-development conditions.  For post development conditions the 
entire Northwest Area catchment of 512 ha drains to Lacombe Lake, but with 
substantial treatment prior to discharge.  The catchment area for rural undeveloped 
lands draining to Lacombe Lake for post development conditions is reduced slightly 
from 1300 ha to 1300 ha – 21.42 ha (SC20 & SC22) = 1278 ha, due to the ultimate 
development of sub-catchments SC20 and SC22. 

A field inspection of culverts crossing Township Road 40-0 was completed on November 
29, 2017.  A 750 mm diameter concrete culvert, in good condition, was found to be 
providing an outlet at the north end of SC 22.  No other culverts were found crossing 
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Township Road 40-0.  Please see Figure 3.1 at the end of this report section.   While we 
did not find a culvert at the north end of SC20, it is recommended that SC20 be 
considered as contributing to the pre-development condition. Prior to the construction 
of Township Road 40-0, SC20 was definitely part of the pre-development catchment 
area, and if that road were to be built today, a culvert would most likely be provided at 
that location.  There does not appear to be frequent ponding on the south side of 
Township Road 40-0; therefore, the resulting sub-catchment runoff may be 
flowing/seeping underneath the roadway embankment. 

3.2 SUB-CATCHMENT PARAMETERS 

Tables 3.0 and 3.1 on the following pages provide the hydrologic parameters used in 
the PCSWMM stormwater modeling to complete and then compare pre versus post 
development configurations and results.  The single event modeling was also used to 
determine the required storm pond storage volumes for the 24 hour, 1:100 year design 
storm event, and also for preliminary design of the proposed Northwest Area Storm 
Trunk.  The PCSWMM modeling data files can be provided upon request. 

The PCSWMM computer modeling estimated the infiltration over pervious surfaces 
based on Horton’s Method.  Horton’s equation is defined as follows: 

f = fc + (fo – fc) e-k(t) 

Where, 
 
f  = infiltration rate at time t (mm/hr) 
fc = final infiltration rate (mm/hr) 
fo = initial infiltration rate at the start of the storm (mm/hr) 
k = decay rate (t-1) 
t  = time since initial infiltration rate 
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Table 3.0 Northwest Area Hydrologic Parameters 

Parameter Unit Value 

Infiltration     
Initial Rate mm/hr 75 
Final Rate mm/hr 7.5 

Decay Factor (1/hr) 4.14 
      

Depression Storage     
Pervious Area mm 3.2 

Impervious Area mm 1.6 
      

Manning's Coefficient     
Pervious Area n/a 0.25 

Impervious Area n/a 0.015 
 

Table 3.1 Rural Undeveloped Hydrologic Parameters 

Parameter Unit Value 

Infiltration     
Initial Rate mm/hr 40 
Final Rate mm/hr 1.2 

Decay Factor (1/hr) 4.14 
      

Depression Storage     
Pervious Area mm 1.0 

Impervious Area mm N/A 
      

Manning's Coefficient     
Pervious Area n/a 0.25 

Impervious Area n/a 0.015 
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The CentralAB_SurficialMaterials_UTM12N shape files, which is a digital representation of 
the AGS Map 213 ‘Quaternary Geology, Central Alberta’ (1987), were overlaid on the 
study area to gain insight into the regional surficial soils patterns.  The Quaternary 
Geology mapping suggests that the Lacombe Lake (Figure 3.2) and Whelp Brook 
(Figure 3.3) rural undeveloped catchment areas are comprised of glacial till and 
lacustrine deposits which are expected to have relatively low stormwater infiltration 
rates.  Whereas, the Northwest Area has surficial soils comprised of coarse-grained 
glaciolacustrine type deposits that are high in sand and gravel content, and 
consequently are expected to have relatively high stormwater infiltration rates.  
Appendix F contains some published hydrologic parameters which were also 
referenced to help select representative hydrologic parameters for the study area, and 
which are summarized in Tables 3.0 and 3.1 above.  For additional information on 
regional hydrogeology, please also consult the Stantec letter report, “Blackfalds 
Northwest Area Desktop Hydrogeological Assessment” dated May 28, 2018, which has 
been provided in Appendix D.   

The PCSWMM model computes evaporation losses from two sources; depression 
storage on the catchment surface and the water surface in storage locations.  Monthly 
evaporation values obtained from the document Evaporation and Evapotranspiration 
in Alberta (April 2013, Alberta Government) for Lacombe Lake was converted to daily 
evaporation values for use in the PCSWMM model.  The evaporation data is 
summarized in Appendix F. 

The sub-catchment area and impervious surface ratio parameters have the greatest 
impact upon the stormwater runoff rate and volume resulting from developed areas.  
Proposed land use data, as shown on Map 5 in Appendix A, was used to develop the 
impervious surface ratio for each sub-catchment located within the Northwest Area, 
and these values are provided in Tables 3.2 to 3.4 on the following pages.  Table 3.2, 
Table 3.3, and Table 3.4 also provide the modeled runoff depths resulting from the 1:5 
year and 1:100 year design storm events, and from continuous simulation modeling over 
a 23 year period. 
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Table 3.2  Sub-catchment Hydrologic Characteristics 1:5 Year 

Catchment Area 
Catchment Area 

Description 

Design Rainfall 
Event Return 
Period and 

Duration 

Rainfall 
Amount 

(mm) Catchment 
Area (ha) 

% 
Imperv. 

Runoff 
Depth 
(mm) 

SC_1 Residential 1:5 yr, 24 hr 58.7 19.84 64 38.1 
SC_2 Residential/ER/MR 1:5 yr, 24 hr 58.7 21.82 54 32.4 
SC_3 Residential 1:5 yr, 24 hr 58.7 65.58 63 37.6 
SC_4 Residential/Industrial 1:5 yr, 24 hr 58.7 37.46 60 35.9 
SC_5 Residential 1:5 yr, 24 hr 58.7 9.98 57 34.1 
SC_6 Residential 1:5 yr, 24 hr 58.7 29.89 57 34.1 
SC_7 Residential 1:5 yr, 24 hr 58.7 14.19 57 34.1 

SC_8A ER/MR 1:5 yr, 24 hr 58.7 9.29 90 52.7 
SC_8B Industrial 1:5 yr, 24 hr 58.7 22.82 75 44.3 
SC_8C Residential/Industrial 1:5 yr, 24 hr 58.7 24.30 75 44.3 
SC_9 Residential/Industrial 1:5 yr, 24 hr 58.7 19.52 65 38.7 
SC10 ER/MR 1:5 yr, 24 hr 58.7 5.59 40 24.4 
SC11 Residential/Commercial 1:5 yr, 24 hr 58.7 14.13 75 44.3 
SC12 Residential/Commercial 1:5 yr, 24 hr 58.7 22.21 75 44.3 
SC20 Residential/Industrial 1:5 yr, 24 hr 58.7 12.87 75 44.3 
SC21 Residential/Industrial 1:5 yr, 24 hr 58.7 48.00 70 41.5 
SC22 Residential/Industrial 1:5 yr, 24 hr 58.7 8.55 75 44.3 
SC23 Industrial (County) 1:5 yr, 24 hr 58.7 35.80 75 44.3 
SC24 Highway QE2 (AT) 1:5 yr, 24 hr 58.7 20.70 35 21.0 
SC30 Residential/Commercial 1:5 yr, 24 hr 58.7 69.45 65 38.3 

  NW Area sub-total:     512     
  NW Area developable:     455     
              

TES development Commercial/Industrial 1:5 yr, 24 hr 58.7 56.8 70 48.2 
Pre-dev. 

Lacombe Lake 
Pre-development/   
Agriculture 1:5 yr, 24 hr 58.7 1180 0 25.4 

Post-dev. 
Lacombe Lake 

Pre-development/   
Agriculture 1:5 yr, 24 hr 58.7 1158 0 25.4 

Lacombe Lake 
Wetted Area Lake surface 1:5 yr, 24 hr 58.7 120 100 59.8 

Whelp Brook Pre-development/   
Agriculture 1:5 yr, 24 hr 58.7 3697 0 25.4 
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Table 3.3  Sub-catchment Hydrologic Characteristics 1:100 Year 

Catchment Area 
Catchment Area 

Description 

Design Rainfall 
Event Return 
Period and 

Duration 

Rainfall 
Amount 

(mm) Catchment 
Area (ha) 

% 
Imperv. 

Runoff 
Depth 
(mm) 

SC_1 Residential 1:100 yr, 24 hr 103.0 19.84 64 74.5 
SC_2 Residential/ER/MR 1:100 yr, 24 hr 103.0 21.82 54 66.3 
SC_3 Residential 1:100 yr, 24 hr 103.0 65.58 63 73.7 
SC_4 Residential/Industrial 1:100 yr, 24 hr 103.0 37.46 60 71.3 
SC_5 Residential 1:100 yr, 24 hr 103.0 9.98 57 68.8 
SC_6 Residential 1:100 yr, 24 hr 103.0 29.89 57 68.8 
SC_7 Residential 1:100 yr, 24 hr 103.0 14.19 57 68.8 

SC_8A ER/MR 1:100 yr, 24 hr 103.0 9.29 90 95.2 
SC_8B Industrial 1:100 yr, 24 hr 103.0 22.82 75 83.4 
SC_8C Residential/Industrial 1:100 yr, 24 hr 103.0 24.30 75 83.4 
SC_9 Residential/Industrial 1:100 yr, 24 hr 103.0 19.52 65 75.3 
SC10 ER/MR 1:100 yr, 24 hr 103.0 5.59 54 54.7 
SC11 Residential/Commercial 1:100 yr, 24 hr 103.0 14.13 75 83.4 
SC12 Residential/Commercial 1:100 yr, 24 hr 103.0 22.21 75 83.4 
SC20 Residential/Industrial 1:100 yr, 24 hr 103.0 12.87 75 83.4 
SC21 Residential/Industrial 1:100 yr, 24 hr 103.0 48.00 70 79.4 
SC22 Residential/Industrial 1:100 yr, 24 hr 103.0 8.55 75 83.4 
SC23 Industrial (County) 1:100 yr, 24 hr 103.0 35.80 75 83.4 
SC24 Highway QE2 (AT) 1:100 yr, 24 hr 103.0 20.70 35 47.8 
SC30 Residential/Commercial 1:100 yr, 24 hr 103.0 69.45 65 74.2 

  NW Area sub-total:     512     
  NW Area developable:     455     
              

TES development Commercial/Industrial 1:100 yr, 24 hr 103.0 56.8 70 91.5 
Pre-dev. 

Lacombe Lake 
Pre-development/   
Agriculture 1:100 yr, 24 hr 103.0 1180 0 65.0 

Post-dev. 
Lacombe Lake 

Pre-development/   
Agriculture 1:100 yr, 24 hr 103.0 1158 0 65.0 

Lacombe Lake 
Wetted Area Lake surface 1:100 yr, 24 hr 103.0 120 100 104.4 

Whelp Brook Pre-development/   
Agriculture 1:100 yr, 24 hr 103.0 3697 0 65.0 
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Table 3.4  Sub-catchment Hydrologic Characteristics Continuous Simulation 

Catchment Area 
Catchment Area 

Description 

Design Rainfall 
Event Return 
Period and 

Duration 

Rainfall 
Amount 

(mm) Catchment 
Area (ha) 

% 
Imperv. 

Runoff 
Depth 

(mm)/yr. 

SC_1 Residential 1995-2017 9930.0 19.84 64 149.2 
SC_2 Residential/ER/MR 1995-2017 9930.0 21.82 54 126.0 
SC_3 Residential 1995-2017 9930.0 65.58 63 146.9 
SC_4 Residential/Industrial 1995-2017 9930.0 37.46 60 139.9 
SC_5 Residential 1995-2017 9930.0 9.98 57 133.0 
SC_6 Residential 1995-2017 9930.0 29.89 57 133.0 
SC_7 Residential 1995-2017 9930.0 14.19 57 133.0 

SC_8A ER/MR 1995-2017 9930.0 9.29 90 209.3 
SC_8B Industrial 1995-2017 9930.0 22.82 75 174.6 
SC_8C Residential/Industrial 1995-2017 9930.0 24.30 75 174.6 
SC_9 Residential/Industrial 1995-2017 9930.0 19.52 65 151.5 
SC10 ER/MR 1995-2017 9930.0 5.59 40 93.5 
SC11 Residential/Commercial 1995-2017 9930.0 14.13 75 174.6 
SC12 Residential/Commercial 1995-2017 9930.0 22.21 75 174.6 
SC20 Residential/Industrial 1995-2017 9930.0 12.87 75 174.6 
SC21 Residential/Industrial 1995-2017 9930.0 48.00 70 163.1 
SC22 Residential/Industrial 1995-2017 9930.0 8.55 75 174.6 
SC23 Industrial (County) 1995-2017 9930.0 35.80 75 174.6 
SC24 Highway QE2 (AT) 1995-2017 9930.0 20.70 35 81.5 
SC30 Residential/Commercial 1995-2017 9930.0 69.45 65 150.5 

  NW Area sub-total:     512     
  NW Area developable:     455     
              

TES development Commercial/Industrial 1995-2017 9930.0 56.8 70 162.9 
Pre-dev. 

Lacombe Lake 
Pre-development/   
Agriculture 1995-2017 

9930.0 1180 0 
3.5 

Post-dev. 
Lacombe Lake 

Pre-development/   
Agriculture 1995-2017 

9930.0 1158 0 
3.5 

Lacombe Lake 
Wetted Area Lake surface 

1995-2017 
9930.0 120 100 

271.0 

Whelp Brook Pre-development/   
Agriculture 1995-2017 

9930.0 3697 0 
3.5 
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4.0 Proposed Northwest Area Storm System 

4.1 STORMWATER MANAGEMENT FACILITIES 

The Northwest Area Master Stormwater Management Plan provides conceptual designs 
for stormwater management facilities (SWMF) required for development within the 
study area.  Please see the previously provided Figure 3.1 - Northwest Area Storm 
System, for the location of proposed stormwater management facilities, which are also 
referred to as storm ponds. 

Hybrid stormwater management facilities are universally proposed in the Northwest 
Area which include both permanently wet and semi-wet wetland areas within the 
overall facility.   Figure B2 in Appendix B provides the details of this typical hybrid storm 
pond design.  The hybrid storm pond parameters defined in this report outline the 
required ratio of semi-wet (infiltration) pond areas to permanently wet pond areas, for 
which subsequent analyses will quantify the resulting infiltration (runoff volume control) 
and water quality improvement performance for a facility with these design 
parameters.  All storm ponds within the Northwest Area will be designed and 
constructed according to these parameters.  The typical facility is shown with a square 
configuration; however, facilities will ultimately be given curvilinear shapes to provide 
more aesthetically pleasing amenities for the community.   

Stormwater management facilities were universally assumed to have active depths of 
1.8 m and 5:1 side slopes above the normal water level (NWL).  The typical facility is 
shown with a wet sediment forebay at the location of storm system inflows.  A wet 
ponding area is also located at the outlet of the facility, and this facilitates a 
submerged piped outlet which results in detainment of floatable pollutants such as 
potential hydrocarbons and refuse.  The above mentioned wet areas will be provided 
with an impermeable liner to contain potential stormwater contaminants, and to ensure 
that a permeant water depth of 2.0 m can be maintained.  The combined permanently 
wetted areas are proposed to have a NWL area that is 20% of the overall facility high 
water level (HWL) area. 

The SWMF wetland areas will be designed to facilitate infiltration; thus, will not have 
impermeable linings.  The wetland areas will be wetted on a regular basis; therefore, 
appropriate vegetation will be selected by our vegetation specialists to endure the 
moisture conditions.  Vegetation will be unmanicured, and may include natural grass 
varieties, sedges, and/or wetland vegetation.  The wetland areas are envisioned to 
have a shallow permeant channel that meanders through the wetland; thus, providing 
a lengthy “low flow” route through the facility. 
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The proposed stormwater management facilities are expected to have an average 
infiltration rate of 10 mm/hour.  However, the facility infiltration rate can be a 
challenging variable to predict and/or control; therefore, to ensure adequate flood 
protection, all storm facilities will be provided with a piped outlet which is sized for the 
1:100 year pre-development release rate, and assuming that no infiltration is available 
in the facility. 

As elaborated on in the Stantec letter report, “Blackfalds Northwest Area Desktop 
Hydrogeological Assessment” dated May 28, 2018 and provided in Appendix D, the 
local hydrogeology is such that there is significant sub-surface flow towards the north, 
including Lacombe Lake.  Additional findings from this letter report include: 

• The natural wetlands and proposed stormwater management ponds should 
behave similarly based on the proposed unlined stormwater management 
facility (SWMF) design, allowing communication between surface water features 
and the groundwater environment, 

• The long-term average for rates of groundwater recharge, and eventual 
discharge to Lacombe Lake should remain similar to pre-development 
conditions and the overall volume of water entering Lacombe Lake should not 
change significantly between pre and post development conditions. 

Through the Town’s permitting and development approvals process, this area will 
undergo detailed design of each of the stormwater management facilities.  This design 
review will ensure that there are no adverse effects, caused by the introduction of 
facility infiltration, to any adjacent structures or infrastructure. 

As required by the Master Drainage Plan for the Wolf Creek and Whelp Brook 
Watersheds (MPE, August 2014), each of the SWMF is proposed to have a vaulted 
control structure containing three individual orifices.  Figure B3 in Appendix B provides a 
typical storm pond control structure.  Each of the orifices is specifically designed to 
meet one of the pre-development discharge rates associated with either the 1:2 year, 
1:5 year, or 1:100 year design storms, respectively.  There may be an opportunity to 
eliminate the orifice associated with the 1:2 year event, if the facility can be designed 
so that it does not discharge in a 1:2 year event.  The elimination of the 1:2 year orifice 
would more closely replicate the pre-development condition because of the reduction 
in the amount of discharge to the receiving watercourse.  The 1:2 year orifices are 
extremely small and will pose an operational challenge, so the elimination of them 
would mitigate some of the long-term operation and maintenance of these facilities. 

The Northwest Area storm ponds shall be designed such that ponds can be drained 
completely dry for routine maintenance of the SWMF forebays and outlet control 
structures. The design of the facilities will result in the forebays freezing during winter in 
the permanent pool of the forebay. Annual freezing of the facility may not penetrate to 
full depth (2.0m) but will help to control some Aquatic Invasive Species (AIS), but will not 
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be the sole management strategy. An operational procedure shall be developed that 
conforms to fish salvage/rescue requirements and that all appropriate permits are in 
place if an aquatic invasive species are identified in the SWMF. 

Table 4.1 on the following page summarizes the sub-catchment area, permissible 
release rate, proposed active storage volume, approximate facility footprint, and 
preliminary design elevations, for each of the stormwater facilities that were modeled 
for the Northwest Area Storm System.  To be conservative, all of the single event analysis 
estimates of the required SWMF storage assume that there is no infiltration occurring in 
any of the proposed SWMF.  Estimates for SWMF footprints were also assumed to include 
a 15 m buffer beyond the facility high water level (HWL) which includes freeboard area, 
berming, backsloping, and perimeter landscaping. 

This is a planning level study; therefore, the provided drainage patterns and storm pond 
catchment areas should not be considered as final.  During the ultimate development 
process, the developers’ consultants may develop alternate drainage patterns and 
storm pond catchment areas that work equally well.  However, if drainage patterns are 
changed then the ultimate stormwater management facilities must still demonstrate 
that they meet the criteria and overall intent of this report.  The proposed SWMF criteria 
provided above is a template for a particular facility’s required active storage volume 
and approximate footprint area associated with a given development area. 
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Table 4.1 Proposed Stormwater Management Facility Characteristics 

Pond # 
Serviced 
Area (ha) 

1:100 Year 
Pre-

Development 
Discharge 
Rate (L/s) 

Active 
Storage 
Volume 
(m^3) 

Approximate 
Facility Foot 

Print (ha) 

Preliminary 
NWL 

Elevation 
(m) 

Preliminary 
HWL 

Elevation 
(m) 

Pond'B' (SC3) 65.60 131.2 43,900 3.91 867.80 869.60 
4 37.46 74.9 24,300 2.48 871.00 872.80 
5 9.98 20.0 6,000 0.97 871.50 873.30 
6 29.84 59.7 18,500 2.03 868.00 869.80 
7 14.00 28.0 8,900 1.24 871.50 873.30 

8b 22.82 45.6 17,700 1.97 869.50 871.30 
8c 24.30 48.6 18,700 2.05 869.50 871.30 
9 19.52 39.0 13,300 1.61 873.50 875.30 

11 14.13 28.3 10,800 1.40 867.50 869.30 
12 22.21 44.4 17,200 1.93 866.50 868.30 
20 12.87 25.7 10,000 1.33 867.00 868.80 
21 48.00 96.0 33,900 3.19 865.00 866.80 
22 8.55 17.1 6,700 1.04 867.50 869.30 
23 35.80 71.6 27,900 2.75 867.00 868.80 
30 69.45 138.9 46,700 4.11 879.50 881.30 

 

4.2 SEDIMENT REMOVAL ANALYSIS OF PROPOSED SWMF 

Sediment settling calculations were performed for post development conditions using 
the PCSWMM computer model.  The sediment settling calculations are based on 
continuous simulation modeling which utilizes actual historical precipitation data for the 
study area; thus, considers the potential effects of back to back rain storms on system 
performance for both water quantity and quality (sediment settling). 

The PCSWMM sediment removal analysis requires input data for pollutant build-up, 
pollutant wash off, and storm pond settling velocities, which was based on data 
provided in the City of Calgary 2011 Stormwater Management & Design Manual 
(SMDM), Tables 7-2 and 7-3.  As no local information is available on the required 
parameters, the City of Calgary values were used. 

The procedure used in the PCSWMM model for pollutant simulation is as follows: 

• Pollutants are identified and given certain attributes. For this sediment simulation 
modelling, Total Suspended Solids (TSS) was listed for five size ranges as noted in 
the City of Calgary manual; (1) 0-10 μm, (2) 10-20 μm, (3) 20-50 μm, (4) 50-150 μm 
and (5) > 150 μm. 
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• A fraction of total sediment is assigned to these sediment sizes as noted in the 
City of Calgary 2011 SMDM, Table 7-3. 

• Land uses are identified, each with a set of buildup and washoff parameters.  For 
this study the land uses identified include (1) residential, (2) commercial, and (3) 
industrial. 

• Removal efficiencies for the source control BMPs, used in addition to the 
proposed SWMFs, can be assigned for each land use, but for this analysis an 
efficiency of 0 % was used as a conservative assumption.  Essentially the results of 
this sediment removal analysis are only relying on the proposed SWMFs. 

• Removal of TSS in the SWMFs is simulated by turning on the PCSWMM treatment 
flag, and assigning a removal expression based on the settling velocities for each 
of the TSS particle sizes, as provided in the City of Calgary 2011 SMDM, Table 7-3. 

The sediment removal modeling was completed on a representative hybrid stormwater 
management facility, which are proposed for the Northwest Area, with a 100 ha total 
catchment area, and an impervious surfaces ratio of 70% of the total catchment area.  
The catchment area was assumed to be comprised of 50% residential land use, 25% 
commercial land use, and 25% industrial land use. Table 4.2 below provides the results 
of the sediment removal analysis, which demonstrates that the SWMFs proposed for the 
Northwest Area will provide water quality improvement that exceeds the Alberta 
Environment and Parks (AEP) criteria for removing 85% of Total Suspended Solids (TSS), 
for sediment particles 75 microns and larger.  Appropriate erosion and sediment control 
measures shall also be employed during the buildout of the development area. 

Table 4.2 SWMF Sediment Removal Performance 

Particle Size 
(microns) 

Total 
Sediment 

Inflow 
(kg/yr) 

Sediment 
Outflow 
(kg/yr) 

Removed 
Sediment 

(kg/yr) 

Sediment 
Removal 

(%) 
<10 12634.174 1443.435 11190.739 88.58% 

10 - 20 4940.478 93.174 4847.304 98.11% 
20 - 50 7165.783 21.517 7144.265 99.70% 

50 - 100 12634.174 4.802 12629.372 99.96% 
>150 17574.696 0.583 17574.112 100.00% 
Total 54949.304 1563.511 53385.793 97.15% 

 

To be conservative, the above sediment removal analysis results assume that there is no 
facility infiltration.  However, in addition to meeting the pre-development release rates 
for the 1:2 year, 1:5 year and 1:100 year events, the proposed stormwater management 
facilities will also be designed to provide significant infiltration of stormwater.  Table 4.3 
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below provides the modeled long-term average stormwater management facility 
disposal rates for various mechanisms for a range of facility infiltration rates.  Based on 
the Stantec letter report, “Blackfalds Northwest Area Desktop Hydrogeological 
Assessment”, which has been provided in Appendix D, the expected regional average 
stormwater management facility infiltration rate of 10 mm/hour, results in only 3% of the 
total stormwater management facility inflows being discharged offsite. 

Table 4.3 Stormwater Management Facility Long-term Disposal Quantities 

Facility 
Infiltration Rate 

(mm/hr.) 

Ratio of 
Evaporation to 

Facility Inflow (%) 

Ratio of Facility 
Infiltration to 

Facility Inflow (%) 

Ratio of Outfall 
Discharge to 

Facility Inflow (%) 

Facility Drawdown 
Time from Full 

(days) 
0 14% 0% 86% 60 
2 8% 73% 19% 24 

10 5% 92% 3% 7 
 

Sediment settling performance (physical treatment) is also considered a proxy for the 
treatment of other stormwater contaminants because the sediment settling 
performance is largely a function of facility detention times which is also a critical factor 
in the other biological and chemical treatment processes that are associated with wet 
stormwater management facilities.  Report Section 5.4 and Appendix C provide 
additional discussion of water quality improvement. 

4.3 STORMWATER BEST MANGEMENT PRACTICES (BMP) 

The regular occurrence of sand and gravel layers found within the native sub-soils in the 
Blackfalds Northwest area results in moderate to high infiltration rates of stormwater 
runoff.  This puts the Town of Blackfalds in the enviable position of having site conditions 
that are conducive to the use of “Source Control” Best Management Practices (BMPs) 
and Low Impact Development (LID).  Source Control BMPs use a variety of practical 
techniques to manage and dispose of stormwater close to its source, i.e. where the rain 
falls.  Potential BMPs that facilitate and promote infiltration include, but not limited to, 
vegetated swales, bio-retention areas, minimized development impervious area, and 
any other landscaping features that promote infiltration.  These and other BMPs will be 
encouraged by the Town of Blackfalds.  The implementation of these BMPs will be 
balanced against other factors such as infrastructure lifespan, and operation and 
maintenance costs. 

The Town of Blackfalds also commits to the specific Best Management Practices (BMPs) 
of oil and grit separators for potential “hot spots”, the hybrid stormwater management 
facilities as outlined in report Section 4.1, and an increased topsoil thickness to a total of 
25 cm to 30 cm (local supply permitting). 
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Oil and grit separators (OGS) are below grade vaulted structures that are designed to 
provide enhanced sedimentation in a relatively smaller footprint.  OGS units in Alberta 
have typically relied upon sedimentation which due to the smaller footprint typically do 
not provide as high of performance as stormwater management facilities that include 
wet cells.  The Town of Blackfalds already requires oil and grit separators in 
developments that are potential “hot spots” for stormwater contaminants.  An example 
of a development which requires their own oil and grit separator is a gas station. 

Increased topsoil thickness generally reduces runoff from developments located in 
areas with impervious sub-soils, but may not be as effective in reducing runoff in areas 
with higher permeability sub-soils such as the Northwest Area.  Regardless, increased 
topsoil thickness is considered an effective BMP because this extra material can 
potentially reduce the quantity of fertilizer and/or pesticides that are often applied to 
landscaped areas.  The Town of Blackfalds will require residential developments 
located in the Northwest Area to have a topsoil thickness of 25 cm to 30 cm in 
landscaped areas; however, this requirement will be dependent on the local supply of 
topsoil found within a particular subdivision.  Alternative measures to an increased 
topsoil thickness may also be entertained, provided they are reviewed and approved 
by the Town. 

4.4 ENVIRONMENTAL STEWARDSHIP PLAN 

The Town of Blackfalds has also committed funding to the development of an 
Environmental Stewardship/Master Plan.  The study is just being initiated, and the 
development of the plan is envisioned to take approximately 3 years.  The 
Environmental Stewardship Plan will guide internal and external stakeholders on policies 
and Best Management Practices (BMPs) for items such as, but not limited to, roadway 
deicer usage, fertilizer and pesticide usage, water and energy conservation, air quality, 
waste management, composting, and pharmaceutical disposal. 

The Environmental Stewardship/Master Plan is a living document that facilitates policies 
and BMPs evolving over time to meet the ever changing demands of the community 
and environment.  The water quality data collected as part of the Northwest Area 
Master Stormwater Management Plan will provide valuable information that will help to 
guide the evolution of the Environmental Stewardship Plan.  Thus, providing a means to 
tailor the policies and BMPs that provide protection to the users located downstream of 
the Blackfalds Northwest Area, and the Town as a whole. 

4.5 NORTHWEST STORM TRUNK 

The Northwest Storm Trunk is proposed to convey stormwater from the north end of 
Pond ‘A’ through approximately 420 m of 900 mm diameter storm trunk where it will 
outlet to the south end of Pond ‘C’.  After flowing through Pond ‘C’ it will flow through 
approximately 40 m of 900 mm diameter storm trunk under Township Road 40-0, drain 
approximately 370 m northwest through a constructed linear wetland, and then outfall 
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to a natural drainage course that further drains north into Lacombe Lake, Whelp Brook, 
and then Wolf Creek.  Please refer to the previously provided Figure 3.1 - Northwest 
Area Storm System. 

Natural waterbodies Pond ‘A’ and ‘C’ are Crown claimed, and are proposed to be 
kept in their current condition and preserved from development.  While Ponds ‘A’ and 
‘C’ are not proposed to provide stormwater management for surrounding 
developments, they are proposed to form part of the overall conveyance system.  As 
such, their elevations will rise slightly during significant rainfall events, and then draw 
down to their normal water level shortly after the event passes.   

Tables 4.4 and 4.5 below summarize the natural water body characteristics for post 
development conditions for the 1:2 year, 1:5 year, and 1:100 year design storm events, 
respectively.  Table 4.6 provides the Northwest Area Storm System post development 
discharge rates for the same design storm events.  Figures H.1 to H.3, provided in 
Appendix H, show the post development hydrographs at the outlet of the Northwest 
Area Storm System (location shown on Figure 3.1) for the for the 1:2 year, 1:5 year, and 
1:100 year design storm events, respectively.   

Pre-development characteristics and hydrographs were not provided for Ponds ‘A’ and 
‘C’, nor for the outlet of the Northwest Area system because as previously described, 
the knob and kettle topography of this area results in no overland discharge for the pre-
development condition.  However, the local hydrogeology is such that for pre-
development conditions there is significant sub-surface flow towards the north, 
including Lacombe Lake.  These and other findings were elaborated on in the Stantec 
letter report, “Blackfalds Northwest Area Desktop Hydrogeological Assessment” dated 
May 28, 2018, which has been provided in Appendix D. 

Please note that the post development discharge from SC21 is also included in Table 
4.6 and Figures G.1 to G.3 because the future Far Northwest Storm Trunk is also 
expected to discharge to the natural environment in essentially the same location as 
the currently proposed Northwest Storm Trunk. 
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Table 4.4 Pond A Post Development Characteristics 

Description Elevation (m) Active Ponding 
Depth (m) 

Surface 
Area (m2) 

*Lower Stage 865.30 -0.30 70,000 
NWL 865.60 0.00 72,000 

*Elevated Stage 866.40 0.80 78,000 
Modeled 1:2 Year 865.67 0.07   
Modeled 1:5 Year 865.71 0.11   

Modeled 1:100 Year 866.00 0.40   
 *Lower and Elevated Stages used for modeling to define water body stage/area curve 

Table 4.5 Pond C Post Development Characteristics 

Description Elevation 
(m) 

Active Ponding 
Depth (m) 

Surface 
Area (m2) 

*Lower Stage 864.20 -0.30 21,000 
NWL 864.50 0.00 23,000 

*Elevated Stage 865.30 0.80 29,000 
Modeled 1:2 Year 864.56 0.06   
Modeled 1:5 Year 864.60 0.10   

Modeled 1:100 Year 864.91 0.41   
 *Lower and Elevated Stages used for modeling to define water body stage/area curve 

Table 4.6 Northwest Area Storm System Post Development Discharge Rates 

Design Storm Event Catchment 
Area (ha) 

Discharge 
Rate (L/s) 

Unit Area 
Release Rate 

(L/s/ha) 

Modeled 1:2 Year 511.90 56.00 0.11 
Modeled 1:5 Year 511.90 119.00 0.23 

Modeled 1:100 Year 511.90 742.00 1.45 
 

As can be seen in the above results, the water level increase for a 1:100 year design 
storm event has a minimal impact on the Pond ‘A’ and Pond ‘C’ water levels, and the 
levels will draw down to their normal water level within approximately 6 days of the 
storm passing.  The proposed Northwest Area Storm System also meets the pre-
development discharge rates of 0.11 L/s/ha, 0.28 L/s/ha, and 2.0 L/s/ha, for the 1:2 year, 
1:5 year, and 1:100 year design storm events, respectively, as required by the Master 
Drainage Plan for the Wolf Creek and Whelp Brook Watersheds (MPE, August 2014).   
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Please note that all of the single event analysis results assume that there is no infiltration 
occurring in any of the SWMFs proposed for the Northwest Area.  However, all of the 
single event modeling assumes that the natural water bodies of Pond ‘A’, Pond ‘C’, 
and Pond SC8a provide an infiltration rate of 2 mm/hour over their ponded area. 

The proposed Northwest Area storm system will provide an appropriate level of service 
to developed areas and the natural environment, as well as provide appropriate flood 
protection for the Northwest Area and all areas located downstream. 

4.6 WETLAND PRESERVATION CONSIDERATIONS 

The analysis results provided in this report, namely the post development water level 
fluctuations for Ponds ‘A’ and ‘C’, and the pre and post development comparisons for 
Lacombe Lake and Whelp Brook, assume that Pond ‘A’, Pond ‘C’, Pond SC8a, and 
Pond ‘D’ are the only natural waterbodies in the Northwest Area that will be preserved 
in their current form.  Additional natural waterbodies may ultimately be preserved, but 
to provide a conservative analysis, these are the only three bodies assumed to be 
preserved under this study.  Stormwater attenuation in all the other study area sub-
catchments is assumed to occur in man-made stormwater management facilities that 
will meet the pre-development release rates outlined in the Master Drainage Plan for 
the Wolf Creek and Whelp Brook Watersheds (MPE, August 2014).  Therefore, the 
stormwater analysis was undertaken in such a way, so that the decision of whether or 
not to preserve other wetlands found within the study area can be left until the 
subdivision development stage. 
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5.0 Downstream Considerations 

As previously summarized, the pre-development catchment area for rural undeveloped 
lands draining to Lacombe Lake is estimated to be 1,300 ha.  Please see the previously 
provided Figures 3.0 to 3.3.  The catchment area for rural undeveloped lands draining 
to Lacombe Lake for post development conditions is reduced slightly from 1,300 ha to 
1,278 ha, due to the ultimate development of sub-catchments SC20 and SC22. 

The existing Total Energy Services, Inc. Industrial Park (TES)has a development area of 
56.8 ha and drains through the Lacombe Lake rural catchment area via natural 
drainage courses. 

The pre and post development catchment area for rural undeveloped lands draining 
to Whelp Brook located on the north side of Lacombe Lake where the brook crosses 
Range Road 272 is estimated to be 3,697 ha. 

Due to the local knob and kettle geography the majority of the Northwest Area is 
assumed to not have overland drainage to Lacombe Lake for pre-development 
conditions.  For post development conditions the entire Northwest Area catchment of 
512 ha drains to Lacombe Lake, but with substantial treatment prior to discharge. 

5.1 DOWNSTREAM SYSTEM 

As part of the stormwater analysis for the Blackfalds Northwest Area Storm Project, 
Alberta Environment and Parks (AEP) requested that Stantec quantify the potential 
effects of the proposed development on Lacombe Lake and downstream 
waterbodies.  The assumed Lacombe Lake stage/area characteristics for both pre and 
post development conditions are summarized in Table 5.1 below. 

Table 5.1 Lacombe Lake Characteristics 

Description Elevation 
(m) 

Active Ponding 
Depth (m) 

Surface Area 
(m2) 

*Lower Stage 857.43 -0.15 1,189,000 
NWL 857.58 0.00 1,201,000 

*Elevated Stage 858.58 1.00 1,278,000 
*Lower and Elevated Stages used for modeling to define water body stage/area curve 
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Lacombe Lake has a control structure located at the north end which is comprised of a 
concrete weir that is 1.5 m in length and is housed in a concrete vault.  A 750 mm 
diameter smooth wall steel pipe (~36 m long) drains from the vault to a trapezoidal 
ditch.  The trapezoidal ditch drains north for approximately 220 m, and then drains 
under the railway tracks through twin 900 mm and 1200 mm diameter corrugated steel 
pipes that are approximately 15 m in length.  The railway culverts essentially outlet into 
Whelp Brook, which then flows an additional 30 m east where it crosses the Range Road 
272.  Please see Figure 5.1 – Downstream Conveyance Infrastructure provided on the 
following page. 

The 1.5 m long concrete weir that provides the lake outlet flow control also has a 600 
mm diameter pipe through the weir that has an invert that is approximately 0.6 m 
below the top of weir elevation.   The original control structure design had a sluice gate 
installed on the 600 mm diameter pipe, which was presumably to remain closed during 
normal operations.   At some point this sluice gate was removed; however, the 600 mm 
diameter pipe has typically been observed to be significantly obstructed by beaver 
debris.   Therefore, for the purposes of this analysis, the 1.5 m long concrete weir has 
been assumed as providing the lake outlet flow control, as well as the elevation control 
for the lake’s targeted minimum water level. 
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The current 750 mm diameter smooth wall steel pipe was originally installed in 
approximately 1972 as a 900 mm diameter corrugated steel pipe.  However, in 2017 
Lacombe County performed maintenance to this pipe, and it was decided to line the 
original pipe with the current 750 mm diameter smooth wall steel pipe.  The pipe 
downsizing was necessary to maintain an existing gas line that is crossing the lake outlet 
pipe. 

In approximately 1972 a diversion structure was constructed on Whelp Brook at Range 
Road 272, such that when the sluice gate was closed, a portion of the Whelp Brook 
flows could be diverted towards Lacombe Lake through the previously described 
ditch/culvert system.  Lacombe County holds the existing license (No. 1450 in the North 
Saskatchewan River Basin) that permits water to be diverted from Whelp Brook to 
Lacombe Lake.  However, our understanding is that the County’s long-term intent is to 
leave the Whelp Brook diversion structure open, such that no intentional Whelp Brook 
diversion to Lacombe Lake occurs.  Please see the attached letter in Appendix E from 
Lacombe County to AEP dated July 24, 2008, and also the follow up email from 
Lacombe County to Stantec dated September 14, 2016. 

The conveyance works installed in 1972 on Whelp Brook at Range Road 272 included a 
primary horizontal ellipse culvert with dimensions 0.787 m x 1.27 m.   A concrete vault 
with a 600 mm diameter sluice gate on the inlet side was also installed at the inlet of the 
horizontal ellipse culvert, and this configuration allowed the aforementioned diversion 
from Whelp Brook to Lacombe Lake when the sluice gate was closed.   The 1972 
conveyance works at Range Road 272 also included a secondary 900 mm diameter 
corrugated steel pipe culvert which was installed approximately 900 mm higher in 
elevation than the primary horizontal ellipse culvert, and this pipe was to function as an 
emergency overflow.  Sometime between the original 1972 installation and the writing 
of this report, an additional 1200 mm diameter corrugated steel pipe culvert was 
installed at approximately the same elevation as the original primary ellipse culvert.  This 
additional culvert does not have any flow control measures on its inlet; thus, it will 
reduce the ability of the original structure to divert flow from Whelp Brook into Lacombe 
Lake. 

On November 29, 2017 Stantec performed topographic survey of all of the above 
described infrastructure, and the various PCSWMM computer models were also 
updated to reflect that which currently exists in the field.  The topographic survey was 
completed using the NAD 1983 datum, and the GSD95AB geoid. 

The modeling results provided in this report assume that all of the structures and culverts 
located between the Lacombe Lake outlet and Whelp Brook at Range Road 272 are 
sufficiently maintained, and essentially free of any plugging.  However, it is our 
understanding that the existing Lacombe Lake outlet structure requires regular removal 
of beaver debris by Lacombe County maintenance staff.  Therefore, the occurrence of 
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beaver debris could result in Lacombe Lake levels that are elevated beyond that which 
is estimated by this report. 

5.2 SINGLE EVENT ANALYSIS 

To quantify the potential effects of the proposed development on Lacombe Lake and 
downstream waterbodies, Stantec has completed single event pre and post 
development analyses of Lacombe Lake and Whelp Brook, for which the results are 
shown in Table 5.2 provided at the end of this report sub-section.  In the interest of being 
conservative, all of the single event analysis results assume that there is no infiltration 
occurring in any of the SWMF proposed for the Northwest Area.  However, all of the 
single event modeling assumes that the natural water bodies of Pond ‘A’, Pond ‘C’, 
and Pond SC8a provide an infiltration rate of 2 mm/hour over their ponded area.  
Please also note that the catchment area at the Lacombe Lake outlet is 1,847 ha. 

The single event modeling results show that under the existing configuration for pre-
development conditions that Whelp Brook would begin to back up into Lacombe Lake 
for something between a 1:10 and 1:25 year design storm event, and this would occur 
when the sluice gate on the Whelp Brook control structure at Range Road 272 is left 
completely open.  The phenomenon of Whelp Brook backing up into Lacombe Lake 
would result from existing conveyance capacity limitations of Whelp Brook at Range 
Road 272, rather than resulting from any specific interventions or operational schemes. 

Figures H.4 to H.6 provided in Appendix H show the Lacombe Lake outflow/inflow 
hydrographs, for pre and post development conditions, that result for the 1:2 year, 1:5 
year, and 1:100 year design storm events, respectively. 

The single event analysis results provided in Table 5.2 estimate that the difference 
between pre and post development Lacombe Lake water levels for the 1:100 year 
design storm event is 0.09 m, and the 1:100 year unit area discharge rate from the lake 
is only 0.48 L/s/ha.  These results assume no changes to the existing conveyance 
infrastructure at the outlet to Lacombe Lake, nor on Whelp Brook at Range Road 272. 

However, the last column in the Table 5.2 is also provided to demonstrate the 
difference between pre and post development conditions for the proposed Northwest 
Area development, and assuming that the restrictions (culverts) on Whelp Brook at 
Range Road 272 are improved to such a degree that there are no backwater effects 
on Lacombe Lake.  These results are similar to the previous iteration of this Master 
Stormwater Management Report because those analyses did not try to model the 
culverts on Whelp Brook at Range Road 272, and essentially assumed that Whelp Brook 
provided a free outfall. 
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Table 5.2 Single Event Downstream Hydraulic Characteristics 
 
 

              
  

 
    Scenario     

Description 
1:2 Year 

Single Event 
1:5 Year 

Single Event 
1:10 Year 

Single Event 

1:25 Year Single 
Event and current 

lake outlet 
configuration 

1:100 Year Single 
Event and current 

lake outlet 
configuration 

1:100 Year Single Event 
and Whelp Brook 

restrictions at RR272 
removed for post dev. 

Lacombe Lake Weir Elevation (m) 857.58 857.58 857.58 857.58 857.58 857.58 
Starting Lake Elevation (m) 857.58 857.58 857.58 857.58 857.58 857.58 
Starting Lake Water Level Above Weir (m) 0.00 0.00 0.00 0.00 0.00 0.00 
Modeled Pre-Development Max. Elev. (m) 857.66 857.73 857.78 857.87 858.07 858.07 
Modeled Pre-Development lake Max. outflow (m3/s) 0.055 0.147 0.231 0.407 0.753 0.753 
Modeled Post-Development Max. Elev. (m) 857.66 857.74 857.80 857.91 858.16 858.04 
Modeled Post-Development lake Max. outflow (m3/s) 0.060 0.163 0.268 0.497 0.881 0.774 
Modeled Post-Development lake unit area discharge rate (L/s/ha) 0.032 0.088 0.145 0.269 0.477 0.419 
Post Development Max. level fluctuation (m) 0.08 0.16 0.22 0.33 0.58 0.46 
Pre vs Post Dev. change in Max. water level (m) 0.00 0.01 0.02 0.04 0.09 -0.03 
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5.3 CONTINUOUS SIMULATION ANALYSIS 

Continuous simulation modeling was completed to assess the potential changes to pre 
versus post development runoff volumes, and also to assess the potential effects of 
back to back storms on Lacombe Lake. 

As previously mentioned, continuous simulation analysis was completed using daily 
rainfall totals recorded at the Environment Canada Lacombe CDA2 (3023722) 
precipitation gauge, over a 23 year period from 1995 to 2017.    

The 1971-2000 climate normals for the Lacombe CDA (3023720) precipitation gauge 
state the annual average precipitation at 446 mm.  The maximum annual precipitation 
for the Lacombe CDA2 gauge for the 1995-2017 data set was 663 mm, and this 
occurred in 1996.  The annual precipitation at the same gauge for 1995 was also above 
average at 502 mm.   Therefore, the significantly high precipitation years of 1995 and 
1996 in the data set should do well at representing the potential effects of consecutive 
wet years on Lacombe Lake and other downstream waterbodies.  The year 2010 had 
the second highest precipitation total at 569 mm. 

Table 5.3, provided at the end of this report sub-section, provides computer modeled 
annual maximum Lacombe Lake water elevations for various pre and post 
development scenarios for the 23 year continuous simulation period.  Table 5.4 provides 
a summary of the annual maximum water levels for Lacombe Lake, and also provides a 
summary of pre and post development runoff volumes for the same suite of scenarios. 

The following suite of pre and post development scenarios were analyzed and 
provided to show the potential effects of various BMP combinations: 

1. Pre-development:  Assumes there is no runoff contribution from the Northwest 
Area for pre-development conditions.  This is a conservative assumption because 
it will result in a larger difference when comparing pre and post development 
discharge rates and volumes.  However, the local hydrogeology is such that for 
pre-development conditions there is significant sub-surface flow (discharge) 
towards the north, including Lacombe Lake.  It is also assumed that the 
Lacombe Lake outlet and Whelp Brook culverts are in their current configuration. 

2. Post development:  Storm ponds with no infiltration capacity and providing 
discharge rate control for only the 1:100 year event, and assuming that the 
Northwest Area has low infiltration rates which is typical of the clay/till sub-soils 
found predominately in central Alberta.  It is also assumed that the Lacombe 
Lake outlet and Whelp Brook culverts are in their current configuration. 

3. Post development:  Storm ponds with no infiltration capacity and providing 
discharge rate control for only the 1:100 year event, and assuming that the 
Northwest Area has moderate to high infiltration rates which are more reflective 
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of the local sandy/gravely sub-soils.  It is also assumed that the Lacombe Lake 
outlet and Whelp Brook culverts are in their current configuration. 

4. Post development:  Storm ponds with no infiltration capacity and providing 
discharge rate control for the 1:2, 1:5, and 1:100 year events, and assuming that 
the Northwest Area has moderate to high infiltration rates which are reflective of 
the local sandy/gravely sub-soils.  It is also assumed that the Lacombe Lake 
outlet and Whelp Brook culverts are in their current configuration. 

5. Post development:  Storm ponds providing infiltration at 2 mm/hr. over 80% of 
their surface area, providing discharge rate control for the 1:2, 1:5, and 1:100 
year events, and assuming that the Northwest Area has moderate to high 
infiltration rates which are reflective of the local sandy/gravely sub-soils.  It is also 
assumed that the Lacombe Lake outlet and Whelp Brook culverts are in their 
current configuration. 

6. Post development:  Storm ponds providing infiltration at 10 mm/hr. over 80% of 
their surface area, providing discharge rate control for the 1:2, 1:5, and 1:100 
year events, and assuming that the Northwest Area has moderate to high 
infiltration rates which are reflective of the local sandy/gravely sub-soils.  It is also 
assumed that the Lacombe Lake outlet and Whelp Brook culverts are in their 
current configuration. 

7. Post development:  Storm ponds providing infiltration at 10 mm/hr. over 80% of 
their surface area, providing discharge rate control for the 1:2, 1:5, and 1:100 
year events, and assuming that the Northwest Area has moderate to high 
infiltration rates which are reflective of the local sandy/gravely sub-soils.  Under 
this scenario it is also assumed that the natural water bodies of Pond ‘A’, Pond 
‘C’, and Pond SC8a provide an infiltration rate of 0.5 mm/hour over their ponded 
area. 

The results in Table 5.4 provide a sensitivity analysis which shows how the various Best 
Management Practices (BMPs) proposed for the Northwest Area Storm System result in 
progressively less impact to downstream waterbodies as compared to a more 
traditional storm system with little to no infiltration in the stormwater management 
facilities.  Please also note that the continuous simulation modeling was primarily 
completed to quantify the potential changes to runoff volumes for pre and post 
development conditions; therefore, to ensure a proper accounting of Lacombe Lake 
outflows for pre and post development conditions, the continuous simulation modeling 
was configured such that Whelp Brook could not back up into Lacombe Lake. 

The Stantec letter report, “Blackfalds Northwest Area Desktop Hydrogeological 
Assessment” dated May 28, 2018 and provided in Appendix D, completed a desktop 
analysis of potential stormwater management facility infiltration rates based on grain 
size distribution methods, which result in a range of 1.13 mm/hour to 45 mm/hour.   
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The modeled annual maximum Lacombe Lake water elevations would reach their 
highest level in the year 2010 for all scenarios.  Table 5.4 shows that under the proposed 
development Scenario 6, the maximum difference between pre and post 
development annual maximum Lacombe Lake water elevations is 0.031 m, and the 
difference between the mean pre and post development annual maximum Lacombe 
lake water elevations is only 0.008 m.   

Table 5.4 also provides a comparison of total runoff volumes for the various pre and 
post development scenarios.  The values provided for Whelp Brook is located at Range 
Road 272, and the values provided for Lacombe Lake is at the lake outlet.  Table 5.4 
shows that under the proposed development Scenario 6, the difference between pre 
and post development runoff volumes at the Lacombe Lake outlet is approximately 
35%, and the difference between pre and post development runoff volumes in Whelp 
Brook is only 6.8%.  The BMPs applied as part of the Northwest Area Storm System under 
Scenario 6 will result in a total runoff volume that is approximately 25 times less than 
what would be experienced for a more traditional storm system with little to no 
infiltration in the stormwater management facilities.   

Please note that for Scenarios 2 – 6, the annual maximum Lacombe Lake elevations 
and pre versus post development runoff volume comparisons are considered to be 
conservative because they assume that the natural water bodies of Pond ‘A’, Pond ‘C’ 
and Pond SC8a do not have any infiltration losses for post development conditions.   

Scenario 7 is provided to demonstrate that the difference between pre versus post 
development runoff volumes is reduced dramatically with a relatively small amount of 
infiltration in the natural water bodies of Pond ‘A’, Pond ‘C’, and Pond SC8a.  Scenario 
7 assumes that the natural water bodies of Pond ‘A’, Pond ‘C’, and Pond SC8a provide 
an infiltration rate of 0.5 mm/hour over the ponded area.  However, this report is 
primarily quoting the results of Scenario 6, which assumes an infiltration rate of zero, 
because we are less confident in our ability to predict the resulting infiltration rates of 
these natural water bodies, as compared to the infiltration rates for the proposed 
stormwater management facilities which are engineered facilities. 

The single event and continuous simulation analyses provided in this report demonstrate 
a negligible impact to downstream water bodies, and that Lacombe Lake and Whelp 
Brook are capable of providing an adequate outlet. 
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Table 5.3 Lacombe Lake Annual Maximum Water Levels 
 

  Pre-Dev. Annual Maximum Lake Level (m) Post-Development Annual Maximum Lake Level (m)   
  Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 

Year 

NW Area does not contribute for pre-
development;  Lacombe Lake and Whelp 
Brook rural catchments assumed to have 
impervious sub-soils for all scenarios, and 

having current Lacombe Lake outlet 
configuration 

NW Area has low 
infiltration, 

traditional ponds, 
and current lake 

outlet configuration 

NW Area has 
moderate 
infiltration, 

traditional ponds, 
and current lake 

outlet configuration 

NW Area has moderate 
infiltration, multi pre-dev. 
rate control, and current 
lake outlet configuration 

NW Area has moderate 
infiltration, multi pre-dev. 

rate control, pond 
infiltration at 2mm/hr, 

and current lake outlet 
configuration 

NW Area has moderate 
infiltration, multi pre-dev. 

rate control, pond 
infiltration at 10mm/hr, 
and current lake outlet 

configuration 

NW Area has moderate 
infiltration, multi pre-dev. 
rate control, storm pond 
infiltration at 10mm/hr, 

and natural water 
bodies Pond A, Pond C, 
and Pond SC8a at 0.5 
mm/hr. of infiltration 

                
1995 857.636 857.699 857.699 857.682 857.658 857.647 857.636 
1996 857.603 857.745 857.745 857.713 857.644 857.624 857.604 
1997 857.623 857.685 857.685 857.681 857.646 857.635 857.623 
1998 857.616 857.734 857.734 857.699 857.631 857.623 857.616 
1999 857.629 857.743 857.743 857.701 857.647 857.636 857.629 
2000 857.523 857.664 857.663 857.642 857.580 857.530 857.523 
2001 857.485 857.614 857.614 857.619 857.494 857.485 857.485 
2002 857.506 857.617 857.617 857.614 857.521 857.506 857.506 
2003 857.505 857.626 857.626 857.623 857.517 857.505 857.505 
2004 857.503 857.602 857.602 857.603 857.507 857.504 857.504 
2005 857.515 857.637 857.637 857.630 857.536 857.515 857.515 
2006 857.485 857.644 857.644 857.644 857.524 857.491 857.485 
2007 857.553 857.815 857.808 857.780 857.692 857.613 857.557 
2008 857.483 857.630 857.630 857.627 857.553 857.486 857.483 
2009 857.475 857.576 857.576 857.582 857.483 857.475 857.475 
2010 857.769 858.076 858.045 858.000 857.883 857.800 857.784 
2011 857.608 857.707 857.700 857.649 857.619 857.611 857.608 
2012 857.499 857.626 857.626 857.621 857.529 857.499 857.499 
2013 857.524 857.638 857.638 857.639 857.552 857.525 857.525 
2014 857.554 857.656 857.656 857.649 857.591 857.556 857.555 
2015 857.542 857.652 857.652 857.643 857.579 857.546 857.542 
2016 857.494 857.629 857.629 857.624 857.510 857.495 857.494 
2017 857.521 857.633 857.633 857.630 857.558 857.528 857.522 
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Table 5.4 Continuous Simulation Downstream Hydraulic Characteristics 

                
  Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 

Scenario 

NW Area does not contribute for pre-
development;  Lacombe Lake and Whelp 
Brook rural catchments assumed to have 
impervious sub-soils for all scenarios, and 

having current Lacombe Lake outlet 
configuration 

NW Area has low 
infiltration, 

traditional ponds, 
and current lake 

outlet configuration 

NW Area has 
moderate 
infiltration, 

traditional ponds, 
and current lake 

outlet configuration 

NW Area has moderate 
infiltration, multi pre-dev. 
rate control, and current 
lake outlet configuration 

NW Area has moderate 
infiltration, multi pre-dev. 

rate control, pond 
infiltration at 2mm/hr, 

and current lake outlet 
configuration 

NW Area has moderate 
infiltration, multi pre-dev. 

rate control, pond 
infiltration at 10mm/hr, 
and current lake outlet 

configuration 

NW Area has moderate 
infiltration, multi pre-dev. 
rate control, storm pond 
infiltration at 10mm/hr, 

and natural water 
bodies Pond A, Pond C, 
and Pond SC8a at 0.5 
mm/hr. of infiltration 

Maximum Lake Annual Max. 
Elevation (m) 857.769 858.076 858.045 858.000 857.883 857.800 857.784 

Maximum Lake Annual Max. 
Elevation (m) change over 

Pre-development 
--- 0.307 0.276 0.231 0.114 0.031 0.015 

Mean Lake Annual Max. 
Elevation (m) 857.550 857.680 857.678 857.665 857.585 857.558 857.551 

Mean Lake Annual Max. 
Elevation (m) change over 

Pre-development 
--- 0.130 0.128 0.115 0.035 0.008 0.001 

Northwest Area Storm System 
Discharge Volume per year; 
Depth over catchment (mm) 

--- 119.7 118.9 110.4 23.5 4.6 1.0 

Lacombe Lake Discharge 
Volume per yr. (m3)x103 32 350 344 327 78 43 33 

Discharge Volume 
Percentage Increase (%) over 

Pre-development 
--- 1007.1% 987.9% 931.6% 145.9% 35.0% 4.5% 

Whelp Brook Discharge 
Volume per yr. (m3)x103 159 478 474 452 205 170 160 

Discharge Volume 
Percentage Increase (%) over 

Pre-development 
--- 200.5% 197.8% 184.2% 29.0% 6.8% 0.8% 
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5.4 WATER QUALITY DOWNSTREAM OF THE PROPOSED DEVELOPMENT 

Stantec has prepared a water quality report as supplemental information to support this 
document, which is provided in Appendix C. The water quality report provides the 
background context for traditional stormwater management within the urban context, 
evaluates the existing background water quality conditions in Lacombe Lake and 
Whelp Brook/Wolf Creek; discusses the difference between urban and agricultural 
runoff; discusses removal rates from typical wet ponds; and provides a water and mass 
balance analysis for nutrient loading. The report makes the comparison of water quality 
to the Environmental Quality Guidelines for Alberta Surface Waters and cumulative 
impacts. The proposed SWMFs within the proposed development provide a cumulative 
enhancement of water quality as water is conveyed through the development. 
Cumulative impacts on Lacombe Lake are expected to be negligible. It is expected 
that with improved conveyance and regular discharge to Whelp Brook that the 
downstream receiving environment nutrient loading will improve with the additional 
flow. 
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6.0 Conclusions and Recommendations 

6.1 CONCLUSIONS 

The following conclusions are drawn from the above analysis and study:   

1. The Town of Blackfalds has retained Stantec Consulting Ltd. to prepare a Master 
Stormwater Management Plan for the Town’s Northwest Area.  This study 
provides a conceptual design for the overall Northwest Area storm drainage 
system which ensures that future development within Northwest Blackfalds will 
have an adequate outlet, and also forms part of the Water Act Application 001-
00387959. 

2. In 2013, MPE Engineering Ltd. was commissioned by Lacombe County, Ponoka 
County, City of Lacombe, and Town of Blackfalds to complete a Master 
Drainage Plan (MDP) study for the Wolf Creek and Whelp Brook Watersheds. 
Several land owners located along Wolf Creek and Whelp Brook had voiced 
concerns about perceived conveyance capacity limitations along these water 
courses; therefore, Alberta Environment and Parks (AEP) requested that the 
municipalities undertake the MDP study.  The final report for Master Drainage 
Plan for the Wolf Creek and Whelp Brook Watersheds, was generated by MPE 
Engineering Ltd. on August 31, 2014.  Water Act Approval No. 00358426-00-00 
was granted to the municipalities on August 24, 2015 to carry out the drainage 
improvements identified by the MDP. 

3. The Wolf Creek and Whelp Brook Watersheds Master Drainage Plan prescribes 
pre-development release rates of 0.11 L/s/ha, 0.28 L/s/ha, and 2.0 L/s/ha for the 
1:2 year, 1:5 year, and 1:100 year storm events, respectively. This report 
demonstrates that the Northwest Area Storm System will meet these pre-
development release rates. 

4. Additional Whelp Brook modeling was completed in 2017 to support the 
Lacombe Intermunicipal Development Plan, 2017 Servicing Study.  The City of 
Lacombe and Lacombe County Whelp Brook Flood Hazard Mapping Study was 
completed by MPE in September 2017.  Given that the southern limit of the 2017 
Whelp Brook modeling was Highway 12, the MPE study did not verify whether 
Lacombe Lake, nor Whelp Brook upstream of Highway 12, could provide 
sufficient conveyance for upstream development areas. However, the 
continuous simulation results provided within this report demonstrate that the 
difference between long term pre and post development runoff volumes in 
Whelp Brook is only approximately 6.8%.  The single event modeling also shows 
that the 1:100 year unit area release rate from Lacombe Lake is 0.48 L/s/ha. 
Therefore, the resulting post-development release rates are well below the 1:100 
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year pre-development flow rate and as such, no impact will occur to the 
downstream environment.  

5. The pre-development catchment area for rural undeveloped lands draining to 
Lacombe Lake is estimated to be 1,300 ha.  The pre and post development 
catchment area for rural undeveloped lands draining to Whelp Brook located on 
the north side of Lacombe Lake where the brook crosses Range Road 272 is 
estimated to be 3,697 ha.  The Northwest Area gross development area is 512 ha, 
but 490.58 ha of the Northwest Area is assumed to have no overland drainage to 
Lacombe Lake for pre-development conditions due to the high rate of infiltration 
in the Blackfalds Northwest Area. 

6. The Northwest Area is characterized by knob and kettle topography with 
numerous wet low areas that do not have an effective overland spill route/outlet 
for pre-development conditions.  However, as elaborated on in the Stantec 
letter report, “Blackfalds Northwest Area Desktop Hydrogeological Assessment” 
dated May 28, 2018 and provided in Appendix D, the local hydrogeology is such 
that there is significant sub-surface flow towards the north, which is intercepted 
by Lacombe Lake.  Additional findings from this letter report include: 

o The natural wetlands and proposed stormwater management ponds should 
behave similarly based on the proposed unlined stormwater management 
facility (SWMF) design, allowing interaction between surface water features 
and the groundwater environment; 

o The long-term average for rates of groundwater recharge, and eventual 
discharge to Lacombe Lake should remain similar to pre-development 
conditions and the overall volume of water entering Lacombe Lake should 
not change significantly between pre and post development conditions; and 

o High infiltration rates are expected based on surficial geology descriptions 
and lithological records. Infiltration rates are expected to range from 1.1 - 45 
mm/hour depending on soil texture as determined from geotechnical grain-
size analysis and analytical permeability calculations (10mm/hour is 
considered a reasonable and realistic rate of infiltration). 

7. In approximately 1972 a diversion structure was constructed on Whelp Brook at 
Range Road 272, such that when the sluice gate was closed, as portion of the 
Whelp Brook flows could be diverted towards Lacombe Lake through the 
previously described ditch/culvert system.  Lacombe County holds the existing 
license (No. 1450 in the North Saskatchewan River Basin) that permits water to be 
diverted from Whelp Brook to Lacombe Lake.  However, our understanding is 
that the County’s long-term intent is to leave the Whelp Brook diversion structure 
open, such that no intentional diversion from Whelp Brook to Lacombe Lake 
occurs. 
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8. The single event modeling results show that under the existing configuration for 
pre-development conditions that Whelp Brook would begin to back up into 
Lacombe Lake during an event that exceeds the 1:10 design storm event, and 
this would occur when the sluice gate on the Whelp Brook control structure at 
Range Road 272 is left completely open.  The occurrence of Whelp Brook 
backing up into Lacombe Lake would result from existing conveyance capacity 
limitations of Whelp Brook at Range Road 272, rather than a result of any specific 
interventions or operational schemes.   

9. The single event analysis results provided in the report body estimate that the 
difference between pre and post development Lacombe Lake water levels for 
the 1:100 year design storm event is 0.09 m, and the 1:100 year unit area 
discharge rate from the lake is only 0.48 L/s/ha.  These results assume no changes 
to the existing conveyance infrastructure at the outlet to Lacombe Lake or on 
Whelp Brook at Range Road 272. 

10. Continuous simulation modeling over a 23 year period estimates the difference 
between pre and post development average annual runoff volumes at the 
Lacombe Lake outlet is increased approximately 35%, and the difference 
between pre and post development average annual runoff volumes in Whelp 
Brook is increased 6.8%.   

11. This report provides results from a sediment removal analysis, which demonstrates 
that the SWMFs proposed for the Northwest Area Storm System will provide water 
quality improvement that exceeds the Alberta Environment and Parks (AEP) 
criteria for removing 85% of Total Suspended Solids (TSS), for sediment particles 75 
microns and larger. The expected level of removal of other contaminants such 
as phosphorus was also analyzed and is included in this document. 
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12. Based on the results of the Stantec letter report, “Blackfalds Northwest Area 
Desktop Hydrogeological Assessment”, the expected regional average 
stormwater management facility infiltration rate of 10 mm/hour, results in only 3% 
of the total stormwater management facility inflows being discharged offsite. 

13. The single event and continuous simulation analyses provided in this report 
demonstrate a negligible impact to downstream water bodies, and that 
Lacombe Lake and Whelp Brook are capable of providing an adequate outlet. 

14. The Town of Blackfalds is committed to preserving wetlands and other natural 
water bodies through their incorporation into proposed developments and 
regional storm systems.  The Town, through their consultants, are designing storm 
systems to work with existing topography and natural systems. This report is in 
alignment with this commitment by preserving existing water bodies and 
wetlands, and by utilizing existing drainage routes for stormwater conveyance. 

15. The Town of Blackfalds has committed funding to the development of an 
Environmental Stewardship/Master Plan which will guide internal and external 
stakeholders on policies and Best Management Practices (BMPs) for items such 
as, but not limited to, roadway deicer usage, fertilizer and pesticide usage, water 
and energy conservation, air quality, waste management and composting, and 
pharmaceutical disposal.  The Environmental Stewardship/Master Plan is a living 
document that facilitates policies and BMPs evolving over time to meet the 
changing demands of the community and environment. 
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6.2 RECOMMENDATIONS 

The following items are respectfully recommended for AEP’s consideration:   

A. The Northwest Storm Trunk is proposed to drain from the north end of Pond ‘A’ 
through approximately 420 m of 900 mm diameter storm trunk, where it will outlet 
to the south end of Pond ‘C’.  After conveying through Pond ‘C’ it will drain 
through approximately 40 m of 900 mm diameter storm trunk under Township 
Road 40-0, continue through the proposed system approximately 370 m 
northwest through a constructed linear wetland, and then outfall to a natural 
drainage course that further drains north to Lacombe Lake. Although the analysis 
shows very low release rates, this trunk is sized to accommodate the 1:100 year 
event with no SWMF infiltration because stormwater management facilities 
should not be designed to rely on infiltration alone.  

B. The Town of Blackfalds is committed to applying the specific Best Management 
Practices (BMPs) of oil and grit separators for potential “hot spots”, the hybrid 
stormwater management facilities proposed in this report, and an increased 
topsoil thickness to a total of 25 cm to 30 cm (local supply permitting). 

C. Hybrid stormwater management facilities, area which include both permanently 
wet and semi-wet wetland areas within the facility, are universally proposed for 
the Northwest Area.   The hybrid storm pond parameters defined in this report 
outline the required ratio of semi-wet (infiltration) pond areas to permanently wet 
pond areas, for which subsequent analyses will quantify the resulting infiltration 
(runoff volume control) and water quality improvement performance for a 
facility with these design parameters. 

D. It is recommended that water quality data be collected as part of the Northwest 
Area Water Act Approval. This data will provide valuable information that will 
help to guide the evolution of the Town’s Environmental Stewardship Plan; thus, 
providing a means to tailor the policies and BMPs that provide protection to the 
users located downstream of the Blackfalds Northwest Area. 

E. The proposed Northwest Area Drainage project will provide the future 
development area with an adequate stormwater outlet. Therefore, it is 
recommended that the pending Water Act approval for the Northwest Area 
Master Stormwater Management Plan be approved based on the results 
provided in this study/analysis. 
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Appendix A 
Map 5 – Future Land Use & Roadways from  

Town of Blackfalds 2007 Master Plan for Annexation 
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Appendix B 
Figure B1 Chicago Design Storm 

Figure B2 Typical Storm Pond 
Figure B3 Typical Storm Pond Control Structure 
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Appendix C 
Water Quality Downstream of the Proposed 

Development 
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Appendix D 
Desktop Hydrogeological Assessment 
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Appendix E 
Letter from Lacombe County to AEP,  

dated July 24, 2008 
Email from Lacombe County to Stantec, 

Dated September 14, 2016 
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Appendix F 
Crown Waterbody Determinations 
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Appendix G 
Tabulated Modeling Parameters 
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Appendix H 
Pre and Post Development Hydrographs 
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Figure H.1 Northwest Area Storm System Post-development Hydrograph 1:2 Year  

 
 

Figure H.2 Northwest Area Storm System Post-development Hydrograph 1:5 Year 
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Figure H.3 Northwest Area Storm System Post-development Hydrograph 1:100 Year 

 
 

Figure H.4 Lacombe Lake Pre/Post Development Outflow 1:2 Year Event  
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Figure H.5 Lacombe Lake Pre/Post Development Outflow 1:5 Year Event 

 
 

Figure H.6 Lacombe Lake Pre/Post Development Outflow 1:100 Year Event 
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