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1.0 INTRODUCTION

11 General

Highfield Land Management Inc. is currently in the process of developing Ascension, a mixed use
residential development within Rocky View County. LGN Consulting Engineering Ltd. (LGN) was retained
to prepare a Staged Master Drainage Plan report (SMDP) for the above noted development. The SMDP
outlines the drainage concept to accommodate the runoff generated by the sub-catchments within the
Ascension development and offsite lands flowing through the proposed development. It also provides
design information for the associated stormwater management facility (SWMF or Pond).

The following reports have set the guidelines for stormwater management for land development in the
Bearspaw area:

e Worley Parsons; Bearspaw — Glenbow Master Drainage Plan; June 2010.

e |ISL Engineering and Land Services, Rocky View County; Glenbow Ranch ASP Master Drainage
Plan; January 2017.

e Kerr Wood Leidal Associates Ltd; Haskayne Master Drainage Plan; November 2017.

This SMDP complies with all the criteria's set by the above noted reports. Information on the type, size
and performance characteristics of the SWMF is also presented and, in combination with the drainage
concept for the area, forms the basis for future development within the study area. As required by Rocky
View County and Alberta Environment and Sustainable Resource Development (Alberta ESRD), this
analysis evaluates the control of discharge of stormwater runoff and stormwater quality enhancement prior
to discharge to the receiving water body.

1.2 Study Area

The study area is located in Rocky View County, immediately west of the City of Calgary, south of
Highway 1A. Is bound by Highway 1A on the north, 12 Mile Coulee Road and the Community of Tuscany
on the east, Blueridge country residential development on the south and undeveloped lands on the west.
The site is located within the E 72 Sec. 19-25-2-W5M and currently is being cultivated.

Figure 1 shows the location of the proposed development relative to Rocky View County and the City of
Calgary, Figure 2 shows the Study Area relative to the existing surrounding communities, Figure 3 shows
the proposed Land Use Concept Plan provided by b&a Planning Group (b&a).

1.3 Topography

The site naturally drains from north to south and towards the natural drainage course at the centre of the
site. Elevations range from 1245 m () at the north to 1182 (+) at the south. The natural drainage course
enters the site on the north as a low grass swale and exists the site as a steep narrow ravine with slopes
ranging from 15 — 25 %; Figure 4 shows the existing contours and drainage pattern.

14 Scope of Analysis

Rocky View County requires an SMDP in support of a land development Concept Plan. The SMDP
addresses a component of the area included in a major storm catchment. The SMDP involves a more
detailed hydrologic and hydraulic assessment of the storm drainage of a development area, particularly for

|.G|'| Consulting Engineering Ltd. 1
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the definition of SWMFs in terms of layouts and elevations. This information is addressed in concept in the
overall Master Drainage Plan for a larger area, and in detail for the smaller component area of the SMDP.

The location, shape and hydraulic characteristics of the SWMF for the Ascension development are
defined in this report. The anticipated volume control and water quality enhancement for the SWMF under
ultimate development conditions is also assessed. All these must meet Alberta ESRD and Rocky View
County requirements.

Activities performed in preparation of this analysis:

e Outline pre-development subcatchment boundaries.
e Hydrologic model to establish pre-development flows and wetland hydroperiods.
e Establish post-development drainage boundaries and catchment areas draining to each SWMF.

e Hydrologic modeling to estimate the runoff and water quality from the study catchment area
utilizing both single and continuous computer simulation modeling.

¢ Hydraulic modeling to estimate stormwater storage volume required and anticipated operation of
the SWMF.

o Estimate anticipated annual average volume discharge and
e Preparation of draft and final reports.
This analysis is an office study based on data and reports by others. No detailed field survey was

undertaken by LGN. The land use distribution and location of the SWMFs has been defined by the
Concept Plan provided by b&a (Figure 3)

The study addresses overall surface water runoff in the study area to assess the operation of the SWMF
presented in this report. No structural or hydrogeological engineering considerations, assessment of
subsurface drainage conditions, the underground piped drainage system or the drainage of individual
development lots was undertaken by this study.

|.G|'| Consulting Engineering Ltd. 2
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20 Pre-development Hydrologic Assessment

21 Methodology

A pre-development analysis of the study area was conducted to establish key stormwater management
conditions and targets in support of the proposed development, and will provide the basis for evaluating
the impacts of post-development discharges to potential natural drainage connections and pre-
development drainage courses in the study area. The key stormwater conditions to be established are the
maximum unit release rate for the development area in terms of L/s/ha and the volumetric release rate in
terms of average mm/year.

The following basic steps were taken in the analysis:

*  Gather and review relevant background data.

*  Review City Guidelines and Province Guidelines for appropriate modeling parameters.
*  Establish potential overland flow paths.

*  Compile results for appropriate reporting tables and graphs.

2.2 Data Sources
The following key sources of information were used:

*  Topographical data prepared using 2015 LiDAR was utilized to determine sub-catchment boundaries
for significant pre-development drainage courses and their surface drainage connections, as well as to
estimate sub-catchment slopes, flow lengths, and widths; this information was necessary for
hydrologic modeling.

* Land cover data was determine from site visits.

*  The Green amp infiliration parameters used in the pre-development PCSWMM model were obtained
from the Haskayne Master Drainage Plan.

23 Pre-development Study Area
The pre-development catchment area is 154.20 ha of land that is mainly being used as agricultural land.
Based on contours generated from a topographical data, the pre-development study area was divided into

4 subcatchments; three discharging into the natural drainage course and the fourth one into the existing
wetland. The land cover imperviousness values utilized are in the Table below:

Table 1 - Land Cover Imperviousness Values

LT G e Percent Imperviousness

(%)
Vegetated and/or Cultivated 0
Buildings 100
Gravel Roads 50
Wetlands at HWL 100

Figure 5 illustrates the pre-development subcatchments and Table 2 lists the model subcatchments and
parameters used in the model.

|.G|'| Consulting Engineering Ltd. 3
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Table 2 — Pre-development Sub-Catchment Parameters

Model ID - Land Use Area Imperviousness Length Width Slope

(ha) (%) (m) (m) (%)
A1 - Agricultural 67.83 2 412 1646 5
A2 - Agricultural 35.07 0 311 1128 9
A3 - Agricultural 23.46 0 500 469 10
B — Agricultural* 27.84 4 430 647 9
Total 154.20

*  Catchment to Existing Wetland

The length of each subcatchment was determined by measuring the longest runoff route before runoff is
intercepted by the natural drainage course.

24 Drainage Patterns

The Biophysical Impact Assessment (Westhoff, 2017) identified a watercourse within the Project Site.
Following is Section 3.8, Watercourse out of this report:

“We identify a watercourse within the Project Site (Figure 5). The watercourse bisects the Site flowing from
the north and exiting along the southwest boundary. The watercourse is classified as “Transitional” based
on field observations of a well-defined, non-vegetated channel and flowing water observed on October 12
and November 1, 2016. In a typical transitional watercourse, the banks and non-vegetated channel are
well defined, with channel width greater than 0.4 m to 0.7 m; the channel carries flow year round but may
freeze in winter or dry up during a drought year (Alberta Environment and Sustainable Resource
Development 2012).

There are two smaller ravines that meet the central watercourse on its northern boundary. No surface
water was observed in the ravines during field surveys; however, there are small isolated patches of
wetland vegetation in each ravine. No hydric soils were observed associated with these areas. The ravines
are classified as ephemeral watercourses based on field observations and review of historical photographs
(Alberta Environment and Sustainable Resource Development 2012).

The watercourse and both small ravines have been left mostly undisturbed in all the photographs
reviewed. There was historical disturbance of the watercourse between approximately 1977 and 1981.
Two dugouts were created along with berms transecting the watercourse and a small culvert was installed
in the berm located between the dugouts. Bearspaw Village Road crosses the central watercourse,
southwest of the Site; a culvert is present at this crossing.”

25 Climate Data and Design Storm

Hourly precipitation and temperature data for the period 1960 to 2014 (55 years) for the City of Calgary
were utilized for modeling. The data was provided by the City of Calgary, Development Approvals.
Continuous simulation over the 55 years of historic climate data for the City of Calgary was utilized in the
stormwater models to estimate runoff volume and peak flow targets from pre-development conditions.
PC-SWMM utilizes the hourly time step of the existing data; reporting was provided using an hourly time
step.

|.G|'| Consulting Engineering Ltd. 4
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The City of Calgary 1:100yr 24hr synthetic design storm with a Chicago distribution was used for the
single event model analysis. The distribution parameters a, b, & ¢ in the City of Calgary Stormwater
Management and Design Manual (2011) are 663.1, 1.87, 0.712 respectively. The time to peak, r, is set to
0.3.

2.6 Model Development

The PCSWMM model was utilized to assess the hydrological importance of pre-development potential
surface drainage connections, determine pre-development flow-duration relationships, and to determine
the 1:100yr pre-development peak flow rate.

Stormwater runoff calculation parameters used for this study area are based on known site conditions and
are consistent with City of Calgary guidelines. A summary of the common input parameters used in each
model are:

Land cover GIS layer for area weighted imperviousness values for sub-catchment boundaries.

Green-Ampt Infiltration Parameters used in the pre-development analysis were obtained from the
approved Haskayne Master Drainage Plan, November 2017 and listed in Table 3.

Table 3 — Sandy Loam Infiltration Parameters

Value Units
Parameter Subcatchment ID A1 A2 A3 B
Suction Head (V) 126 270.53 270.69 213.88 mm
Hydraulic Conductivity (K) 0.99 1 0.99 1.68 mm/hr.
Initial Moisture Deficit (IMD) 21 21 0.25 0.29 %

e Depression Storage Parameters: Pervious Surfaces 7.5 mm, Impervious Surfaces 2 mm.

e Manning 'n' Values: Pervious Areas 0.3, Impervious Areas 0.014.

2.7 PCSWMM Peak Runoff Rate

The pre-development peak runoff rate was determined running a single event analysis with the City of
Calgary Chicago Design Storm for the 1:100 year 24 hour storm event.

The natural drainage course was modelled as an irregular channel with two (2) representative cross-
section extracted from cross-sections and profile generated by a field survey. The runoff from sub-
catchments A1 to A3 was routed through the natural channel. Runoff from sub-catchment B was routed
through the existing wetland. See Appendix B for the PCSWMM model schematic and output files.

2.8 Model Results

This section describes key results of the hydrological analysis. The sub-sections below discuss two
primary aspects of the results, namely, drainage courses and overland flow paths.

The results are reflective of the most accurate modeling capabilities readily available from the PC-SWMM
modeling software using currently available topography, soil texture, geotechnical, and land cover data for
the study area.

|.G|'| Consulting Engineering Ltd. 5
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Pre-development Peak Runoff Rate

The PC-SWMM model was utilized to obtain the peak runoff rate during a 1:100 year 24 hour single event
utilizing a Calgary Chicago Design Storm. The results are tabulated below:

Table 4 - Peak Flow Results

Natural Channel Single Event 24h-100y

ID (m3/s)
OF-3 2.295
OF-W 0.253
TOTAL 2.548

Pre-development Runoff Volume

The average annual runoff volume was calculated as shown in Table 5. The total site produced a total of
1,668,911 m® over the 55 years of analysis.

Table 5 - PCSWMM Runoff Volume Results

Sub- Area Total Volume Average Annual Average Annual
catchment ID (ha) (m3) Runoff Volume (m3) Runoff Volume (mm)
A1to A3 126.36 1,535,975 27,927 22
B 27.84 132,936 2,417 9
TOTAL 154.20 1,668,911 30,344 20

29 Potential Surface Drainage Connections

The identified drainage course was modeled to determine the hydrologic significance. The continuous
simulation analysis results indicate that the flow generated by rainfall is discharged overland to the natural
conveyance channel, this is observed during the entire simulation period.

210 Summary of Findings for the Existing Conditions

The maijor findings of the pre-development hydrological analysis are:

* The estimated 1:100yr 24hr existing peak runoff release rate from the study area is 2.548 m?s;
equivalent to an over all 16.52 L/s/ha release rate for the site.

* Based on a 55 year analysis period (1960-2014), the average annual runoff from the study area is
found to be 20 mm based on the PCSWMM model results.

|.G|'| Consulting Engineering Ltd. 6
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3.0 PROPOSED DRAINAGE STRATEGIES AND DESIGN CRITERIA

3.1 Related Reports
The following reports are associated with the area:
e Worley Parsons; Bearspaw — Glenbow Master Drainage Plan; June 2010.
e Exp Services Inc.; Geotechnical Investigation Report; November 2016.
e Westhoff Engineering Resources Inc.; Biophysical Impact Assessment; July 2017.
e Kerr Wood Leidal Associates Ltd; Haskayne Master Drainage Plan; November 2017.
e Stantec Consulting Ltd.; Haskayne Staged Master Drainage Plan; May 2019.
e |BI Group; Morton Development Staged Master Drainage Plan; July 2020.

3.2 Drainage Strategies
The analysis is based on the following assumptions:
e Post-development peak and runoff volume discharge must not exceed pre-development levels.

e The entire development area will be drained using the Dual Drainage Concept (minor/major
system).

e The drainage system is to convey the entire stormwater runoff to the regional SWMFs identified in
this report.

e The detailed overland drainage design by others must ensure the safe conveyance through the
development of the overland flows generated by the 100-year event.

e Any ponding of stormwater runoff on the streets or individual development lots must be
acceptable by the approving authorities.

e Back of lots adjacent to any MR or ER lands must drain as sheet flow to prevent erosion.

3.3 Geotechnical Considerations
Exp Engineering Services Inc. completed a Geotechnical Investigation for the Hawkwood Lands (now
known as Ascension) and reported that:

“The subsurface soil conditions encountered were generally found to consist of topsoil overlying lacustrine
clay and/or clay till atop bedrock.”

“Topsoil-like materials were encountered in all the boreholes, with thicknesses between 0.1 m to 0.6 m.
The term “topsoil” in this report refers to a surficial soil layer with high organic content, and does not have
any implications whatsoever as to the quality or suitability for re-use as a growing medium. The topsoil
was generally described as having trace to some silt and sandy. The topsoil thicknesses have been
determined at the borehole locations only. These thicknesses may not necessarily be representative
across the project site as they may vary significantly between relatively widely spaced borehole locations.
Additional shallow test locations would be needed to more accurately assess the topsoil thicknesses.”
Copy of the geotechnical report is included in Appendix A.

|.G|'| Consulting Engineering Ltd. 7
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A further Grain Size Distribution analysis identified the following topsoil composition:

Table 6 - Topsoil Composition
BH16-3 BH16-9 BH16-11  BH16-18 BH16-20 MW16-6  Average

Clay 14 11 14 6 6 11 10
Silt 33 29 24 23 17 41 28
Sand 53 60 62 71 77 48 62

Soil Type Sandy Loam Sandy Loam Sandy Loam Sandy Loam SandyLoam Sandy Loam Sandy Loam

The soil infiltration parameters used in the model for the Sandy Loam soil were obtained from the Soil
Water Characteristics Chart by the USDA Agricultural Research Service and Table 3-12 of the City of
Calgary Stormwater Management and Design Manual (2011). Copy of the USDA chart is attached in
Appendix C. Infiltration parameters used in the PCSWMM computer model are listed in Table 7.

Table 7 — Sandy Loam Infiltration Parameters

Parameter Value Units
Hydraulic Conductivity (K) 27.08  mm/hr.
Suction Head (V) 110 mm
Porosity Fraction (®) 0.396

Field Capacity Fraction (FC) 0.175

Wilting Point Fraction (WP) 0.081

Initial Moisture Deficit (IMD) 24.6 %

34 Design characteristics for the Major and Minor Systems

The discharge criterion for the study area has been established by the Bearspaw - Glenbow Master
Drainage Plan report and is as follows:

¢ Maximum Allowable Release Rate to Weed Lake:
o 1:100 year 0.99 L/s/ha
¢  Runoff Volume Control:

o The majority of rainfall should be retained on site through the use of LID and best
management practices (BMP) techniques.

o The average annual amount of rainfall discharged to the Bow River should not exceed.
50 mm.
To reduce the runoff volume discharge, the following BMPs are proposed:
e 400 mm of topsoil in all landscaped areas, including public and private sites.
e All roof downspouts to be directed to pervious areas prior to discharging into an impervious area.

e Convey as much is possible runoff from hard surfaces via pervious areas before entering the
minor system.
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Minor System

The minor system is the underground piping system and must quickly and efficiently remove rainfall runoff
below its design capacity. The following are the pertinent design criteria:

e The storm system must be designed as a separate system from the sanitary.

e During detailed design of the surface drainage system by others it must be ascertained that the
100-year maximum hydraulic grade line in the overall system is acceptable. Surcharge to surface
is strictly prohibited.

e ICDs are required to control flows into the pipe system.
e |tis recommended that the minor system be designed for a unit area release rate of 115 L/s/ha for
Multi-family and commercial sites and 70 L/s/ha for the residential.
Major System

The major stormwater drainage system includes all overland drainage routes (roads, lanes, ditches,
swales, etc.). This system is the path for the runoff to follow when the capacity of the minor (piped)
system has been exceeded; therefore, it must be designed to convey runoff from extreme rainfall events
that exceed the capacity of the minor system. Failure to properly plan and design the major system will
most likely result in flooding and damage of both private and public property.

The design and analysis of the overland drainage system must conform to the Alberta ESRD guidelines
which have been adopted by most municipalities. Some of the pertinent guidelines are the following:

e The major drainage system must be designed as an overland system and shall be analysed with
respect to the 1:100 year return period event, including the SWMFs.

e The grading of the streets and the layout of the major system shall be designed to provide a
continuous escape route. Adjacent properties must be protected from possible flooding by these
flows.

e The maximum depth of flow at the curbside gutter should be less than 0.30 m.
e Standing water at low points (traplows) should be less than 0.5 m.
e The velocities and depths of flow for the overland drainage system shall not exceed the values

outlined in Table 8.

Table 8 - Permissible Depths and Velocities for Overland Flows

Water Velocity Permissible Depth

(m/s) (m)
0.5 0.80
1.0 0.32
2.0 0.21
3.0 0.09

e Spillover elevations should be no higher than 0.5 m above the lowest point in the traplow.
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3.5

Where the overland escape route for a traplow is via a public road, the minimum building
openings must be 0.3 m higher than the 1:100 year water level in adjacent traplows or the
spillover elevation, whichever is higher.

If the overland escape route is via PUL, MR or utility right-of-way, the lowest opening elevation
must be set at 0.5 m above the spill elevation or the 1:100 year water level, whichever is higher.

If the overland escape route is not along a public road or paved public pathway, a concrete swale
will be required.

Source Control Best Management Practices

In the interest of an environmentally sensitive development, there are a range of alternative storm
servicing concepts that can be considered in new developments. These concepts require additional area
for stormwater facilities and/or implementation of some of the concepts outlined in The City of Calgary,
Water Resources, Stormwater Source Control Practices Handbook (November 2007).

To reduce the runoff volume discharge from the new development, the following BMPs were included in
the PCSWMM model:

3.6

Increased topsoil depth - 400 mm of topsoil for all landscaped areas in the lots, road pervious
areas and MR;

All roof drainage from single family houses and garages to be directed to landscaped areas prior
to draining to streets or lanes. ltems like wide splash pads should be used to ensure that the roof
drainage is properly distributed over the landscaped areas, for a sample see image below.

Stormwater Quality Enhancement

Alberta ESRD and Rocky View County have a stormwater quality enhancement requirement for all new
developments. This requirement is to remove 85% of the sediment washoff from a development area, of
particles greater than 50 ym in size prior to discharge. This stormwater quality requirement will be met
using forebays and Oil/Grit separators (OGS), more details are provided in Section 5.8 of this report.
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3.7 Biophysical Impact Assessment

A biophysical impact assessment for the development area was prepared by Westhoff Engineering
Resources Inc. Following is Westhoff's report Executive Summary:

"Highfield Land Management is proposing The Ascension Lands development in Rocky View County
(SWI/SE-19-25-2 W5M). Westhoff Engineering Resources Inc. (Westhoff) was retained to prepare a
Biophysical Impact Assessment (BIA) for The Ascension Lands. The BIA describes existing environmental
conditions, the potential impacts of the development, and mitigation measures to reduce these impacts.
The significance of identified impacts is also evaluated along with the potential for cumulative effects. The
information presented in the BIA is directly applicable to required provincial referrals and applications
under the Water Act and Public Lands Act.

Existing Conditions

The Project Site is located within the Parkland Natural Region and Foothills Parkland Natural Subregion.
The native grassland associated with the Foothills Parkland Natural Subregion is no longer represented
within the Site, although patches of native vegetation remain along a central watercourse.

Terrain conditions within the Project Site are variable with rolling uplands, several wetlands and a natural
watercourse running through the centre of the Site. The watercourse enters the Site in the north as a low
open swale and then develops into a relatively steep narrow ravine as it drains south and west, where it
leaves the Site. Slopes are relatively steep (15- 25% or greater) along the southern portion of the
watercourse and in two associated ravines on its north boundary. Dunvargan soils consisting of Orthic
Black and Rego Black Chernozems are dominant throughout, with Orthic Humic Gleysols found in low
lying areas.

A total of four naturally occurring wetlands are identified within the Project Site: two Temporary, one
swamp, and one Permanent Shallow Open Water wetland. The central creek is classified as Transitional
watercourse and the two smaller associated ravines are classified as ephemeral watercourses. Road
construction has impacted Wetland 1, located along the southern boundary, and Wetland 4, located along
the central watercourse. Wetlands 2 and 3 appear to be undisturbed.

A range of wildlife species have the potential to occur within the Project Site. We recorded incidental
observations of 22 species during field surveys; two are listed provincially as Sensitive. Wildlife are likely
to use the central watercourse valley as a natural route for travelling from the Site to areas west, including
the Bow River Valley. However, there are considerable barriers to wildlife movement on the north and
east boundaries due to Bow Valley Trail and 12 Mile Coulee Road.

We applied provincial Environmentally Significant Areas (ESA) criteria to evaluate natural features on the
landscape. The central watercourse and associated wetland and riparian zone is considered an ESA
because it is a natural watercourse and because it provides natural habitat conditions for wildlife. None of
the remaining wetlands meet the provincial criteria for Aquatic ESAs.

Potential Impacts and Mitigations

The potential impacts of the proposed development were assessed with reference to a concept for
development provided to Westhoff by Brown & Associates Planning Group on June 21, 2017.

Potential Impacts include:
e |oss of soil from compaction, removal, erosion and/or admixing;
e sediment runoff to adjacent wetlands, watercourses and surrounding areas;

e accidental spills of fuels, chemicals, and other potentially hazardous materials;
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e |oss or alteration of vegetation, including native plant communities;
e |oss of 2 out of 4 naturally occurring wetlands;

e |ocal loss of portions of Wetland 4 at road crossings;

e potential changes in the hydrology of Wetland 1 and Wetland 4;

e potential impacts to the central watercourse due to the introduction of stormwater, including bank
erosion and possible reduction in water quality;

e damage, disturbance, and/or loss of individual wildlife species and their residence; and

e changes in local wildlife diversity.

The following mitigation measures will be implemented to reduce, eliminate, or control the potential
negative impacts of the proposed development.

e Erosion and Sediment Control (ESC) Plan to limit or control deleterious substances leaving the Site
or entering area water bodies;

e  Environmental Protection Plan (EPP) to manage potential environmental impacts resulting from
construction;

e Landscape and Weed Management Program to reduce post-development impacts to native plant
communities and wildlife habitat;

e Setbacks applied to both the central watercourse and Wetland 1 for the purposes of pollution
prevention and slope stability;

e  Stormwater management strategies to mitigate for potential impacts to the central watercourse and
Wetland 1;

e A Wetland Management Plan to document the detailed approach to mitigating potential impacts to
Wetlands 1 and 4;

e In-lieu payment to the Province (wetland replacement), as per the Alberta Wetland Mitigation
Directive, for Wetlands 2 and 3;

e Land Owner’s Manual to educate area residents on what they can do to maintain the health of natural
open spaces over the long-term and how to avoid conflicts with wildlife; and

e A monitoring program to document the implementation and success of the ESC Plan and EPP.

Ideally, stripping and grading will be completed outside the critical time period for many wildlife species:
approximately April 1 to August 31. If stripping and grading within the critical time period cannot be
avoided, on-site monitoring will be conducted to avoid impacting wildlife and wildlife residences, in
particular active breeding sites.

Residual Impacts and Significance

We predicted that the proposed development will have residual impacts after mitigation measures are
implemented. These residual impacts are the loss of upland plant communities, wetlands and associated
wildlife habitat, and the loss of individual wildlife species.

At the time this BIA was prepared, there was no formal process, or available provincial or municipal
criteria, for determining what qualifies as a significant residual loss of native plant communities. As per the
Bearspaw Area Structure Plan, (adopted June 1994), native plant communities are not automatically
acquired and/or protected from development. The current concept plan retains and integrates a
considerable portion of the natural plant communities and associated topography within the area.
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The proposed development will result in the permanent loss of 2 of the 4 wetlands. Wetland replacement
is one of multiple accepted approaches to managing loss of wetlands on both provincial and municipal
scales. We conclude this residual impact is not significant provided wetland loss is off-set through wetland
replacement applying accepted provincial standards.

Wildlife fatalities are a residual impact of the development, particularly as a result of stripping and grading.
In general, we would consider a significant residual impact on wildlife to be the damage or loss of a listed
species. Stripping and grading is expected to occur outside of the breeding season when less mobile
juveniles are present: April 1 to August 31. We anticipate the fatality risk of listed species outside the
breeding season to be low. Therefore, no significant residual impacts to wildlife are expected.

Wildlife fatalities are a residual impact of the development, particularly as a result of stripping and grading.
In general, we would consider a significant residual impact on wildlife to be the damage or loss of a listed
species. Stripping and grading is expected to occur outside of the breeding season when less mobile
juveniles are present: April 1 to August 31. We anticipate the fatality risk of listed species outside the
breeding season to be low. Therefore, no significant residual impacts to wildlife are expected.

Cumulative Effects

We considered the potential for cumulative effects on wetlands and water resources resulting from the
proposed development. To date, the cumulative effects of development on wetlands have been mitigated
primarily through the Province’s replacement program, as will be the case for this Project. Overall, we
anticipate that the cumulative effects of past, current and future land use and activity in this region will be
managed through the retention of wetlands within the Project Site coupled with the application of
provincially approved wetland replacement measures.

We identify water resources when describing potential cumulative effects even though project-related
impacts on water were not assessed in the BIA. The Bow River Basin Council identifies most significant
challenges in this sub-basin are the effective flow management of the Bow River downstream of the
Bearspaw Dam and management of stormwater runoff. We anticipate the potential local impacts on water
will be addressed through other studies pertaining to stormwater management. Provided best
management practices are implemented that meet available municipal and provincial standards, the
proposed development is not expected to contribute to cumulative adverse effects on water resources in
the sub-basin as a whole."
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4.0 POST-DEVELOPMENT HYDROLOGIC AND HYDRAULIC ANALYSIS

The City of Calgary Stormwater Management & Design Manual (2011) requires that the major drainage
system, including storage facilities be designed to accommodate the runoff resulting from a 1:100 year
return period storm event. For this design, there are two approaches to the simulation of runoff
characteristics, a single storm event and continuous events model.

Single Storm Event Analysis

The Single Storm Event Analysis is the most common stormwater management analysis method and is
based on a single storm event which could be a real historic storm or a theoretical design storm. The
precipitation input to the single event simulation model is obtained using the Calgary Intensity Duration
Frequency (IDF) curve and the “Chicago Storm” distribution to shape the design hyetograph. For this
SMDP study, a storm with 24 hours duration and 5 minute rainfall increments was used.

Continuous Simulation

Continuous simulation modelling for a drainage area allows for a continuous analysis of runoff over an
extended period of time, typically several years. The model results include time series of flow or water
levels, storage volumes, etc. These results allow a probabilistic analysis to determine frequency of
occurrences and capacity requirements for the stormwater ponds.

The continuous simulation was performed using precipitation data recorded at the Calgary International
Airport for the period of 1960 — 2014 (inclusive). The output of the continuous simulation modelling is
peak storage volumes for each year analysed in the model. Following, a frequency analysis of these
annuals maximum storage series is carried out to estimate the volume required for a 1:100 year return
frequency. Other parameters also used in the model are presented in Appendix C.

4.1 Computer Model

There are various computer models used and accepted in Calgary, they include SWMHYMO (Single
Storm Event), QHM, EPA SWMM, XP-SWMM, PCSWMM and the Water Balance Spreadsheet for the
City of Calgary (WBSCC).

The analysis of both events for this study was performed using the PCSWMM 2019 computer model
software Version 7.2.2785 Professional. PCSWMM is software developed by Computer Hydraulics
International and is a comprehensive, GIS-based, spatial decision support system for urban drainage and
watershed modeling. Integrating the US EPA SWMM5 engine Version 5.1.013, it accounts for various
hydrologic processes that produce runoff from urban and rural areas. PCSWMM also contains a flexible
set of hydraulic modeling capabilities used to route runoff, rainfall-dependent infiltration/inflow, and/or
external inflows through the drainage system network of pipes, channels, storage/treatment units and
diversion structures.

Figure 6 shows the Regional Storm Plan and Figure 7 shows the preliminary internal storm minor system.

4.2 Post-development Subcatchments

The land use composition of the study area is listed in Table 9 and the proposed development land use
composition is presented in Figure 3.
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Table 9 — Land Use Breakdown & Imperviousness

Ar Impervi n
Land Use e SR
To Dry Pond
Single Family lots 3.27 47
Front of Lots 0.66 76
Back of Lots 0.58 25
Roads 1.49 79
Municipal Reserve (MR) 1.19 5
Environmental Reserve (ER) 1.12 0
Dry Pond at HWL 0.19 100
Sub-Total 8.50 43
To Existing Wetland
MR 0.32 5
ER 0.69 0
Country Residential Road 0.33 25
Wetland @ HWL 1.13 100
Sub-Total 2.47 50
To East Pond
Country Residential (OS-1)* 3.78 6
Country Residential (0S-2)* 1.74 9
Single Family lots 34.02 51
Front of Lots 4.88 76
Back of Lots 0.89 25
Multi-family 1.14 65
Commercial 19.37 85
Roads 18.50 79
MR 6.73 5
ER 1.07 0
Pond at HWL 2.44 42
Sub-Total 94.56 59
Existing Areas

North (Ex-1 37.79 4
Middle (Ex-2) 5.79 8
South (Ex-3) 13.52 2
Sub-Total 57.10 4
Study Area Total 162.63 38

*  Flow Through Areas

The above noted imperviousness is based on the City of Calgary Stormwater Management and Design

Manual (2011).

Because of the size of the catchment and to simplify the analysis, the contributing catchment was divided
into 13 subcatchments. Table 10 lists the model subcatchments and the parameters used in the

computer model.

|.G|'| Consulting Engineering Ltd.
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Table 10 — Post-development Sub-Catchment Shape Parameters
Sub-Catchment Area Length Width Slope

Model ID (ha) (m) (m) (%)
To Dry Pond
SF-1 8.50 125 680 3.0
To Wet Pond
SF-2 13.35 125 1068 3.0
oSs-1* 3.78 100 378 5.0
0s-2* 1.74 50 347 5.0
SF-3 45.78 125 3662 5.0
Comm-MF 26.03 125 2082 2.0
Pond-ER 3.89 40 973 2.0
Sub-Total 94.57
To Existing Wetland
Wetland-ER 2.47 120 206 2.0
Directly to Natural Drainage Course
Ex-1 37.79 412 917 5.0
Ex-2 5.79 100 579 3.0
Ex-3 13.52 100 1352 8.0
Sub-Total 57.10

Total Study Area 162.64
*  Areas that Flow Through the SWMF

The length of each subcatchment was determined by measuring the longest runoff route before runoff is
intercepted; for example, the drainage length of 125 m was established by adding the average depth of a
lot (35 m) and the distance along the road between catchbasin (90 m).

4.3 Infiltration

The SWMM computer model describes rainfall infiltration from the pervious area of a subcatchment into
the unsaturated upper soil zone using three different methods:

e Horton Infiltration
o  Green-Ampt infiltration
e  Curve Number infiltration
The method used in this study is the Green-Ampt Infiltration. Infiltration in the lots and roads pervious

surface was estimated based on the proposed BMP (400 mm of absorbent landscape). The infiltration
parameters for the BMP are listed in Table 7.

The pond was assumed to be lined; therefore no infiltration was accounted for in the analysis. Infiltration
in the lots and roads is estimated based on the BMP used in the site. BMP infiltration parameters are
presented in Appendix C.

The latest version of PCSWMM 2019 used in this runoff analysis contains a Time Pattern Editor that
provides the ability to adjust different parameters to reflect seasonal variations. This feature was used to
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represent frozen ground conditions during the winter months, November to April. During these months a
multiplier of 0.05 was applied to the soil conductivity; for the other months of the year, the multiplier is 1.0,
representing normal conditions.

4.4 Snow Melt

The PCSWMM software simulates snowmelt using the Snow Pack routine along with temperature,
evaporation and wind data. Snowmelt was part of the computer runoff analysis presented in this report;
the analysis used temperature data provided by the City of Calgary. The other parameters used in the
runoff analysis are presented in Appendix C.

4.5 Evaporation

Water surface evaporation is part of the SWMF discharges, however, was not included in the single event
model simulation, and it was conservatively assumed that the water level at the start of the simulation was
at the Normal Water Level (NWL).

Evaporation

The Monthly evaporation provided in the City of Calgary Stormwater Management & Design Manual
(2011) was converted to daily average evaporation to be used in the PSCWMM model. The daily average
evaporation data is presented in Appendix C.

4.6 Storage Routing

Storage Routing is a command used to simulate the effects of reservoir (pond, traplow) routing. The
routing is conducted with the storage-discharge stage data method where solution is based on the
conservation of mass. This command requires that the user provide the outflow-storage relationship of
the reservoir. Tables 11 and 12 summarizes the storage-discharge rating for the proposed SWMFs and
Table 13 summarizes the storage rating for the existing wetland.

Table 11 — Proposed Dry Pond - Storage Rating Data

Stage Elevation* Area Total Storage | ICD Discharge
(m) (m?) (m?3) Rate (L/s)

Bottom 1,170.00 1,053 0 0
1,170.25 1,175 278 3.26
1,170.50 1,301 588 4.76
1,170.75 1,432 930 5.89
1,171.00 1,568 1,305 6.83
1,171.25 1,707 1,714 7.66

HWL 1,171.50 1,868 2,161 8.41

* Elevations to be confirmed during detail design
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4.7

Table 12 — Proposed Constructed Wetland - Storage Rating Data

Stage Elevation* Area Total Storage Active Storage | ICD Discharge
(m) (m?) (m3) (m3) Rate (m®/s)

Bottom 1,192.50 1,265 0 0 0
1,193.00 1,897 790 0 0
1,193.50 3,556 2,028 0 0
1,194.00 5,728 4,440 0 0
1,194.50 7,250 7,681 0 0
1,195.00 8,882 11,711 0 0
1,195.50 11,112 16,645 0 0

NWL 1,196.00 15,788 23,352 0 0
1,196.50 18,721 32,081 8,729 0.120
1,197.00 20,588 41,907 18,555 0.188
1,197.50 22,493 52,676 29,325 0.237

HWL 1,198.00 24,432 64,407 41,055 0.278

* Elevations to be confirmed during detail design

Table 13 — Existing Wetland Storage Rating Data

Elevation Area Total Storage
Stage (m) (m?) (m?)
Bottom 1,197.50 1,018 0
1,197.75 7,072 1,011
1,198.00 8,482 2,956
1,198.25 9,674 5,225
Spill Level 1,198.50 11,306 7,848

Sediment Removal Analysis

Water Quality modeling requires input data for pollutant built-up, pollutant washoff and pond settling
velocities. Tables 14 and 15 summarize the build-up and washoff parameters used in this SMDP; these
were taken from the Glenmore Reservoir Stormwater Quality Improvement Study (J N MacKenzie, May
1992). Table 16 lists the sediment particle size distribution and settling velocities that are contained within
the City of Calgary Stormwater Management and Design Manual (September 2011).

Table 14 - Pollutant Build-up Parameters

Parameter Impervious Areas Pervious Areas
Build-up Method Power Linear Power Linear
Equivalent Initial Accumulation Period 30 Days 30 Days
Maximum Accumulation 0.20 kg/m? 0.20 kg/m?
Built-up 0.00055 kg/m? per Day 0.00055 kg/m? per Day

Table 15 - Pollutant Washoff Parameters

Parameter Impervious Areas Pervious Areas
Washoff Method Build-up/Washoff Build-up/Washoff
Washoff Coefficient 6000 per m® 3000 per m?
Washoff Exponent 1.2 1.2
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Table 16 - Settling Velocity Data

Fraction Number Particle Size Size Size Fraction Settling Velocity
(um) Classification (%) (m/s)
1 <10 Fine silt 23 0.00000592
2 10-20 Medium silt 9 0.0000473
3 20-50 Medium silt 13 0.000283
4 50-150 Coarse silt 23 0.00195
5 2150 Fine sand 32 0.0124

Schematic diagram and Input and Output files for the PCSWMM continuous simulation are included in
Appendix C.
4.8 Water for Wetland to be retained

To provide water to the wetland to be retained, runoff will be diverted prior to entering the SWMF from the
minor system via a flow splitter. During detail design the splitter structure and the appropriate filtration will
be designed to ensure the quality of the water entering the existing wetland.
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5.0 DESIGN DETAILS

The ponds proposed to control the discharge of run off generated by the proposed development are in
accordance with the City of Calgary Stormwater Management & Design Manual (2011) and Alberta
Environment Stormwater Management Guidelines.

The first pond is a Dry Pond, which will service 8.50 ha of land that because of the topography of the site
could not be directed by gravity into the main pond.

The main pond is a wet pond, which will provide discharge control for the remaining of the development.
This pond will be finished as a constructed wetland, in a way that blends with the existing wetland and th
natural drainage course.

In the dry pond the entire storage is active and available for discharge rate (quantity) control. In the
constructed wetland, the storage below NWL is not available for discharge rate control; it is only significant
in terms of water quality with respect to turnover rate and the pond’s ability to improve the quality of the
receiving runoff. The storage above the NWL is referred to as active storage and is the available capacity
to control of discharges to the receiving outlet.

Water quality control for the discharge from the dry pond will be achieved by an OGS unit installed in the
pond outlet pipe. Water quality for the discharge from the constructed wetland will be achieved by the
pond itself, in two stages. Primary treatment, sediment removal for particles greater than 50 um within the
forebays and secondary treatment in the constructed wetland portion.

51 Pond Layout

The proposed Wet Ponds were sized to retain runoff for up to the 1:100 year storm event from the
drainage catchment being serviced. The ponds will discharge into the existing natural drainage course at
a rate based on the unit discharge rate described in Section 3.4 of this report. Tables 17 and 18
summarize the characteristics of the proposed SWMFs.

Table 17 — Dry Pond Characteristics

Parameter Value Unit
General Contributing Catchment Area 8.50 ha
Side Slopes below NWL 5H:1V
Side Slopes between NWL & HWL 5H:1V
Side Slopes above HWL 4H:1V max
Elevation Pond Bottom Elevation 1,170.00 m
HWL Elevation 1,171.50 m
1:100 Year Elevation 1,171.36 m
Freeboard Elevation 1,171.66 m
Depth Pond Depth Below HWL 1.50 m
Area Area at Bottom 1,053 m?
Area at HWL 1,868 m?
Volume Active Storage Capacity (Bottom to HWL) 2,161 m3
1:100 Year Active Volume (Single Event) 1,854 m3
1:100 Year Active Volume (Continuous simulation) 1,901 m?3
Discharge Maximum Discharge @ HWL 8.4 I/s
Preliminary ICD radius 28.8 mm
1:100 Year Discharge 8 I/s

* Active Volume above NWL
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Table 18 — Constructed Wetland Characteristics

Parameter Value Unit
General Contributing Catchment Area 89.04 ha
Side Slopes below UNWL Varies
Side Slopes between UNWL & HWL Varies
Side Slopes above HWL 4H:1V max
Elevation Pond Bottom Elevation 1,192.50 m
NWL Elevation 1.196.00 m
HWL Elevation 1,198.00 m
1:100 Year Elevation 1,197.40 m
Freeboard Elevation 1,198.30 m
Depth Pond Depth Below HWL 3.50 m
Active Fluctuation Depth above HWL 2.00 m
Area Area at Bottom 1,265 m?
Area at NWL 15,788 m?
Area at HWL 24,432 m?2
Volume Permanent Pool below NWL 23,352 m?3
Permanent Pool Required for water quality 22,260 m?3
Active Storage Capacity (NWL to HWL) 41,055 m3
1:100 Year Active Volume (Single Event) 25,252* m?3
1:100 Year Active Volume (Continuous simulation) 27,118* m3
Discharge Maximum Allowable Discharge from proposed development 88.2 I/s
Flow through from offsite lands 190 I/s
Maximum Discharge at HWL 278.2 I/s
Preliminary ICD radius 156.6 mm
1:100 Year Discharge 228 I/s

* Active Volume above NWL

Figure 15 illustrates the maximum and minimum water levels expected for the proposed SWMFs as
determined by the continuous simulation (PCSWMM). Figure 17 presents a comparison of the maximum
and minimum water levels for the existing wetland under pre-development and post-development
conditions, it also shows the depth duration exceedance under both pre and post development conditions.

5.2 Outlet Control Structure

The Dry Pond outlet piping is proposed to be located at the south end of the pond. The outlet pipe
connects the pond to the outlet control structure which will discharge to the natural watercourse. The
Constructed Wetland outlet piping is proposed to be located at the west side of the pond. The outlet pipe
connects the pond to the outlet control structure which will also discharge to the natural watercourse.

The outlet control structures are intended to control the pond discharge to the allowable rate described in
Section 3.4. Preliminary design proposes a two-chamber system, with a weir wall at the HWL and
discharge controlled by an orifice plate. The preliminary ICD sizes for ultimate conditions are presented in
Tables 17 and 18.

5.3 Emergency Overflow

The overland escape route for the Dry Pond is located at the south end of the pond directed to natural
drainage course. The overland escape route for the Constructed Wetland is located at the west side of
the pond, also directed to natural watercourse.
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Final pond details (i.e. shape, escape route, control structure, etc.) will be established during pond detail
design. Figures 9 and 10 show preliminary pond design and cross section for the proposed Dry Pond
and Figures 12 and 13 show preliminary pond design and cross section for the proposed Constructed
Wetland. Figures 11 and 14 show preliminary outlet control structure designs for each pond.

5.4 Frequency of Ponding

The frequency distribution analysis was based on the application of the “Frequency Analysis Procedure
Manual” and spreadsheet DFASCC_v1.2 provided by Water Resources. Figure 16 illustrates the most
appropriate frequency distribution of storage volumes for the proposed SWMFs based on the frequency
analysis of the continuous simulation results (PCSWMM). The Frequency Analysis is included in
Appendix D. Table 19 summarize the modeled frequency of Total Storage volumes.

Table 19 — Frequency of Total Storage Volumes

Return Period Storage Volume (m?3)
(Years) Dry Pond Constructed Wetland

2 577 30,800

5 830 32,300

10 1,010 34,400

20 1,200 37,300

50 1,450 40,700
100 1,650 46,000

The maximum volume calculated by the continuous simulation for the proposed Ponds is higher than the
single event and the 1:100 year volume estimated by the Frequency Analysis; therefore, the maximum
volume from the PCSWMM model should be used for design purposes.

5.5 Post-development Peak Runoff Rate

The PC-SWMM model was utilized to obtain the peak runoff rate during a 1:100 year 24 hour single event
utilizing a Calgary Chicago Design Storm. The results are tabulated below:

Table 20 - Peak Flow Results

Natural Channel Single Event 24h-100y

ID (m3/s)
OF-3 0.996
OF-W 0.041

TOTAL 1.037

A graphical comparison of pre vs post development flows in the natural drainage course is presented in
Figure 18.
5.6 Runoff Volume Discharges

Table 21 summarizes the target runoff volume discharge and estimated average annual runoff volume
resulting from the PCSWMM continuous simulation analysis presented in this report; total discharge
volume (55 years) is 746,366 m3.

LGN Consulting Engineering Ltd. 22



Ascension — Staged Master Drainage Plan
Bearspaw, Rocky View County

Table 21 - Average Annual Runoff Volumes

Target Avg. Annual Estimated Avg. Annual

Catchment Total Area Runoff Runoff
(ha) Volume Depth Volume Depth
(m®) (mm) (m®) (mm)
Ascension 162.63 81,314 50 86,367 53

The above Table shows that the volume control target established by the Bearspaw — Glenbow Master
Drainage Plan and listed in Section 3.4 is met.
5.7 Water Balance
Table 22 presents the PCSWMM model Water Balance as Total Precipitation and losses.
Table 22 — Water Balance

Depth (mm)
Total Precipitation 22903.400
Evaporation Loss 8688.759
Infiltration Loss 10850.831
Surface Runoff 3449.780
Snow Cover 2.600
Surface Storage 15.987
Continuity Error (%) -0.424

5.8 Oil/Grit Separator

Water quality requirements for subcatchment SF-1 will be achieved by an OGS unit installed in the first
manhole upstream of the Dry Pond inlet. Appendix E contains information on the proposed OGS unit
that will meet the water quality requirements imposed by the City of Calgary and Alberta Environment.

5.9 Storm Pond Sediment Removal

Ascension, will be met by the forebay that will be incorporated in the proposed Constructed Wetland.
Water quality improvement by the proposed pond was modelled with the PCSWMM computer software;
Tables 23 summarize the results of the sediment removal simulation for the various size fractions, as
determined by the PCSWMM model. The results meet the Alberta Environment and Rocky View County
target objective which is 85% removal of particles greater than 50 ym.

Table 23 - Pond Sediment Removal Efficiency

Particle size (um) % Removed
<10 79.4
10-20 89.8
20-50 97.2
50 - 150 99.6
> 150 99.9
Totals 94.0

Forebay Sizing
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The size of the forebay for the Stormwater Detention Facility is based on the calculations presented in the
City of Calgary Stormwater Management & Design Manual, for minimum forebay length (based on settling
and dispersion) and for minimum bottom width. Tables 24 and 25 provide the sizing of the sedimentation
forebays for the west and east inlet into the Constructed Wetland that meets the City of Calgary criteria.

Table 24 - West Inlet Forebay Sizing

Sedimentation Forebay Characteristics

Forebay Side Slopes below NWL 5 Hto 1V
Forebay Length at NWL 70
Forebay Width at NWL 55
Effective Forebay Width at NWL (m) 19
Forebay Depth @ NWL (m) 3.5
Maximum flow rate from pond (m?/s) 0.094 94.56 ha @ 0.99 L/s/ha
Design settling velocity for 50 pym (m/s) 0.00195
Maximum inlet flow rate (m3/s) 4525 64.64 ha@ 70 L/s/ha
Design velocity in forebay (m/s) 0.5
Hydraulic Design Criteria
Calculated Required
Forebay length at NWL (m) 70.0 to be greater than or equal to 68.1
Forebay bottom width (m) 19.0 to be greater than or equal to 8.5
Effective Forebay cross-section area @ NWL (m?) 66.5
Forebay cross-section velocity (m/s) 0.001 to be less than or equal to 0.15
Calculated Length/Width Ratio 102.1 to be greater than or equal to 2.0
Calculated Hydraulic Parameters
Minimum Forebay Settling Length (m) 68
Minimum Forebay Dispersion Length (m) 21
Minimum Bottom Width (m) 9
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Table 25 — East inlet Forebay Sizing

Sedimentation Forebay Characteristics

Forebay Side Slopes below NWL
Forebay Length at NWL

Forebay Width at NWL

Effective Forebay Width at NWL (m)
Forebay Depth @ NWL (m)

Maximum flow rate from pond (m?/s)
Design settling velocity for 50 pym (m/s)
Maximum inlet flow rate (m3/s)

Design velocity in forebay (m/s)

5 Hto 1V
73
59
19
3.5

0.094 94.56 ha @ 0.99 L/s/ha

0.00195

2.993
0.5

26.03 ha @ 115 L/s/ha

Hydraulic Design Criteria

Calculated Required
Forebay length at NWL (m) 75.0 to be greater than or equal to 55.4
Forebay bottom width (m) 19.0 to be greater than or equal to 6.9
Effective Forebay cross-section area @ NWL (m?) 66.5
Forebay cross-section velocity (m/s) 0.001 to be less than or equal to 0.15
Calculated Length/Width Ratio 117.2 to be greater than or equal to 2.0
Calculated Hydraulic Parameters
Minimum Forebay Settling Length (m) 55
Minimum Forebay Dispersion Length (m) 14
Minimum Bottom Width (m) 7
|.G|'| Consulting Engineering Ltd. 25
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6.0

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This study has concluded that:

The Sandy Loam topsoil as identified in Geotechnical Investigation for the Hawkwood Lands (now
known as Ascension), exp Engineering Services Inc., is well suited for the BMP measures
suggested in this report.

The stormwater management facilities proposed in this report, will control the peak discharge from
the Ascension development to 228 L/s, which is well within the allowable 278 L/s as stipulated in
the Bearspaw — Glenbow Master Drainage Plan, Worley Parsons; June 2010.

Because the peak discharge into the Natural Drainage course has been reduced from existing
conditions, negative impact in the natural channel is no expected.

The Best Management Practices suggested in this report will reduce the runoff volume discharge
from Ascension to the receiving natural watercourse, to an average annual of 53 mm; therefore
meeting the 50 mm average annual volume control discharge stipulated in the Bearspaw —
Glenbow Master Drainage Plan, Worley Parsons; June 2010.

Water quality targets will be achieved by the proposed forebays in the Constructed Wetland and
the oil/grit separator to be installed in the first manhole upstream of the Dry Pond inlet. They will
meet the required levels of TSS removal by AENV and Rocky View County.

Recommendations

It is recommended that:

400 mm of topsoil be placed on all landscaped areas, public and private.

The BMPs presented in this study be implemented in each stage of development to ensure a
runoff volume reduction.

Since the Staged Master Drainage Plan is based on preliminary information, a pond report be
prepared at detailed design and submitted to the approving agencies. The pond report should
detail pond design components, including the Inlet Control Device, Outlet Control Structures and
computer simulation modeling to verify the performance and operation of the ultimate stormwater
management facility.

The analysis presented in this report is accepted by the approving agencies.
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