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1.0 Executive Summary

1.1 Geographic Location and Boundaries

The study area encompasses the Hamlet of Bragg Creek, located within southwest Rocky View County
(RVC) on the Elbow River, near Highway 22. It is bounded by the Tsuut'ina Nation Reserve #145 to the
east, Banded Peak School to the south, and Bragg Creek Provincial Park to the west as shown in Figure
1.0.

1.2 Purpose of the Study

This Master Drainage Plan (MDP) provides a comprehensive framework for managing surface water and
flood risk within the Hamlet of Bragg Creek. The plan addresses existing drainage deficiencies, evaluates
the impacts of future development, and establishes a strategic plan for sustainable stormwater
management. The primary driver for this MDP is the need to balance development pressure with the
significant flood risk posed by the Elbow River, which includes both seasonally high groundwater and the
acute, rapid rise of the water table during major flood events.

1.3 Summary of Key Findings

e The primary flood risk to the Bragg Creek Hamlet is not from rainfall-runoff alone, but from the rapid
rise of groundwater levels directly connected to the Elbow River during high flow events. The (draft)
Hydrogeological Study (WSP, 2025) quantifies this risk, indicating that induced groundwater seepage
can propagate 50 to 100 metres inland from the flood berm during a 1:100-year event.

e The Elbow River flood barrier mitigates overland river flooding but does not prevent groundwater from
surcharging the ground surface within the Hamlet, particularly within the 50 to 100-metre zone of
influence identified in the hydrogeological assessment.

e The Hamlet currently lacks an engineered stormwater system, relying on informal ditches, culverts, and
overland flow, resulting in nuisance ponding and an uncontrolled pathway for floodwaters. This MDP
formalizes the public road and ditch network as the foundational major system, designed to convey
both rainfall runoff and emergent groundwater safely.

¢ A historical overland flood channel exists, spilling north across Balsam Avenue. This is the natural and
critical emergency escape route for extreme floodwaters.

e Future development is constrained by high groundwater. A major system-focused (overland) approach
is required, as a traditional, Hamlet-wide minor (underground pipes) system is not feasible or practical.
New development requires a dedicated outfall solution.

¢ The identified emergency spill route across Balsam Avenue currently follows a pre-existing natural
overland path across private property. The plan does not create a new spill channel; it documents the
existing path for clarity and emergency planning. Evaluation of this spill route, and if warranted,
securing overland drainage easements to formalize access and maintenance is recommended.

e Because the flood berm interrupts overland drainage to the Elbow River, stormwater is impounded on
the landward side during high river and groundwater conditions. The Master Plan therefore identifies lift
stations and force mains as critical enabling infrastructure to maintain controlled releases when
infiltration is unavailable due to river-driven groundwater rise
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1.4

Recommended Strategies

Given the lack of technical feasibility for a traditional piped storm sewer system, this MDP recommends a
practical strategy focused on managing surface water and adapting to the Hamlet's unique
hydrogeological conditions.

1. The most critical and cost-effective action is to immediately adopt and enforce a robust set

15

of Development Drainage Guidelines. This ensures all new construction is resilient to known flood
risks from the outset by mandating Minimum Building Elevations (MGs), requiring positive lot
grading to the public right-of-way, and restricting inappropriate foundation design in high-risk
zones. This prevents new problems from being created and shifts the primary responsibility for
property protection to individual developments.

New, dense development in the Hamlet core cannot be serviced by the existing informal system.
Therefore, approval for such projects will be conditioned on the developer designing, funding, and
constructing a self-contained, engineered stormwater system, including a centralized Stormwater
Management Facility (SWMF) and a lift station to provide a reliable, positive outfall to the Elbow
River.

. To address existing drainage deficiencies and formalize a safe conveyance path for extreme flood

events and emergent groundwater, it is recommended that the County consider implementing a
long-term capital program for Major System Enhancements. This would involve systematic re-
grading and improvement of the public road and ditch network to create a continuous and
functional overland drainage system that directs water safely to the designated outlets throughout
the Hamlet.

Implementation Considerations

Implementation will be phased. The highest priority is the establishment of the Development Drainage
Guidelines to ensure all new construction is resilient. The Hamlet-wide road and ditch improvements can
be implemented over time through the County's capital improvement program.
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B 2.0 Introduction

2.1 Project Background

The Hamlet of Bragg Creek, located in southwest RVC, is experiencing significant pressure for
redevelopment and new growth, including the Gateway Village project, densification along Balsam
Avenue, and development of designated expansion lands, as shown in Figure 2.0. This growth occurs
within the context of significant environmental constraints, most notably the Hamlet's location within the
historical floodplain of the Elbow River.

The major flood event of June 2013 caused extensive damage and highlighted the community's
vulnerability. In response, significant flood mitigation efforts have been undertaken, including the design
and construction of the Elbow River Flood Barrier. However, recent hydrogeological investigations have
confirmed that the permeable alluvial aquifer beneath the Hamlet is directly and rapidly influenced by river
levels. This means that even with the flood barrier in place, a major river flood event will cause
groundwater levels to rise and potentially flood the area from below. This understanding has been further
detailed and quantified by the draft Hydrogeological Development Suitability Study (WSP, 2025), which
provides a comprehensive assessment of the hydrogeological factors influencing development suitability
and flood risk in the Hamlet.

This MDP builds upon previous work, including the 2013 Master Drainage Plan by MPE Engineering, the
2020 ISL Servicing Feasibility Study, the 2016 Amec Foster Wheeler flood dike analysis, and the findings
of the provincial Bow and Elbow River Hazard Study (WSP, 2025a; WSP, 2025b), which provides
detailed hydraulic modeling, quantifies assets at risk, and establishes the official Design Flood Hazard
mapping for the Elbow River and Bragg Creek.

2.2  Study Objectives

The primary objectives of this MDP are to:
o Assess existing drainage conditions and identify system deficiencies.
o Characterize the flood risk from both surface runoff and groundwater surcharge.

e Develop a comprehensive stormwater management strategy that supports future development as
outlined in the Bragg Creek Area Structure Plan (ASP).
e Establish clear drainage guidelines for new development and redevelopment.

e Provide a strategic implementation plan for RVC.

2.3 Scope of Work Overview

The scope of this MDP includes a review of all available data, development of integrated strategic
hydrologic and hydraulic models to simulate existing and future conditions, a detailed flood risk
assessment, evaluation of mitigation strategies, and the development of a conceptual design and
implementation strategy.
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2.4  Regulatory Context and Framework

This plan has been developed in accordance with the standards and guidelines of Rocky View County
and Alberta Environment and Protected Areas (AEPA). Key documents include the Rocky View County
Servicing Standards, AEPA's (formerly AEP) Stormwater Management Guidelines, The City of Calgary
Stormwater Management Manual, and water license requirements associated with the Elbow River.

2.5 Stakeholder Engagement Overview

This MDP has been developed for Rocky View County as the primary client. It is understood that the
findings and recommendations of this report will be used to inform future engagement with developers,
residents of Bragg Creek, and other relevant stakeholders to ensure the successful implementation of the
proposed drainage strategy.
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M 3.0 Study Area Description

3.1 Watershed Characteristics

The Hamlet lies within the Elbow River watershed. The local topography generally drains from the west
and south towards the Elbow River, a naturally braided river, which flows from southwest to northeast
through the study area and serves as a critical raw water supply for the City of Calgary. Elevations range
from a high point of approximately 1,350 m to a low point at the Elbow River of approximately 1,300 m.
The area is characterized by a wide floodplain and underlying deposits of highly permeable alluvial sands
and gravels, creating a direct hydraulic connection with the river. This formation, known as the Elbow
River's alluvial aquifer, is a key characteristic of the watershed and is the primary mechanism for the
groundwater-driven flood risk addressed in this plan.

3.1.1 Hydrogeological Setting

The hydrogeological conditions of the study area, as detailed in the WSP (2025) report, are the primary
drivers of flood risk and development constraints. The surficial geology consists primarily of highly
permeable Pleistocene-aged fluvial and glaciofluvial deposits of sand and gravel adjacent to the Elbow
River. These deposits form a shallow, unconfined alluvial aquifer that is in direct hydraulic connection with
the river.

The study confirms that during periods of high river discharge, the hydraulic gradient can reverse, causing
rapid and significant groundwater level rise across the floodplain. In contrast, higher elevation areas,
particularly in the Hamlet Expansion Area, are characterized by less permeable, fine-textured
glaciolacustrine and till deposits. While these areas are less susceptible to river-induced groundwater
flooding, they present different constraints such as lower infiltration capacity and susceptibility to frost
heave.

Bedrock aquifers, composed of alternating shale and sandstone, are the primary source for domestic
groundwater use but are less significant to the surface flooding dynamic (WSP, 2025). This direct and
rapid groundwater response to river levels means the entire Hamlet is susceptible to flooding from below,
a mechanism that operates independently of local rainfall and is not prevented by the presence of surface
flood berms.

3.2  Existing Development and Land Use

Bragg Creek currently consists primarily of low-density residential properties, with commercial and public
service uses concentrated along Balsam Avenue and Burnside Drive. The area north of the Hamlet,
known as Elkana, is also comprised of low- and medium-density residential development. Table 3.1
below summarizes the existing land uses. The total existing developed footprint within Bragg Creek and
Elkana includes approximately 327.3 ha with an estimated population of 714 people. Existing land use is
detailed in Figure 3.0.
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Table 3.1:  Existing Land Use Summary

Area (ha) |
Land Use

Bragg Creek Hamlet | Expansion Area | Elkana |

Residential 130.1 50.2 76.6
Commercial 23.7 0.0 0.0
Public Service 3.9 0.0 0.0
Agricultural Holding 0.0 40.5 0.0
Direct Control 23 0.0 0.0
Total 160.0 90.7 76.6

3.3 Future Development and Land Use

Future development within Bragg Creek is guided by the ongoing Bragg Creek Area Structure Plan
Hamlet Review. The growth strategy focuses on densification within the Hamlet's core and expansion into
designated lands to the south. The timing of this growth is broken into two main horizons: short term and
long term.

e Short Term Development: This phase focuses on densification within the existing Hamlet boundaries
and includes the Gateway Village, Balsam Avenue, and RVC Foundation development areas.

e Long Term Development: This phase involves the build-out of the Expansion Area south of the
current Hamlet, which is planned primarily for residential development.

At full build-out, the population of the Bragg Creek study area is projected to increase from approximately
714 to 2,523 people. This significant increase in population and development density is a primary driver
for this Master Drainage Plan, as it will alter the area's hydrology and increase the number of people and
assets at risk from flooding. Approximate future land use areas are outlined in Table 3.2 and in Figure
3.1. Refer to the servicing study for further details on potential scenarios regarding densities and land
uses considered.

Table 3.2:  Future Land Use Summary

Area Residential Area | Commercial Area | Institutional Area

Bragg Creek 130.1 23.7 6.2
Elkana 50.2 0.0 0.0
Existing Total
Gateway Village 1.3 0.0 0.0
Balsam Avenue 2.1 0.0 0.0
RVC Foundation 0.8 0.0 0.0

Short Term
Short Term Total

Expansion Area \
Long Term
Long Term Total
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3.4  Environmental and Ecological Features

The environmental sensitivity of the greater region is well-documented. The 2013 Master Drainage Plan

included a detailed inventory identifying over 500 hectares of wetlands in the surrounding area, with fens
being the most common type. The protection of these downstream water bodies and the water quality of
the Elbow River is a key driver for implementing a formal, engineered stormwater management strategy

within the Hamlet. The 2013 Master Drainage Plan is included in Appendix A.

3.5 Infrastructure Overview (Stormwater, Roads, Utilities)

Water, wastewater and stormwater are interdependent in Bragg Creek. Fire flow storage/loops, lift station
corridors and grading decisions materially affect stormwater conveyance and emergency routing. This
report includes context and interfaces only; detailed servicing requirements are in the Bragg Creek
Servicing Study

e Water System: The Hamlet is serviced by a Water Treatment Plant (WTP) drawing raw water from an
infiltration gallery on the Elbow River. The system includes the Bragg Creek Reservoir and the Elkana
Reservoir, and a distribution network of HDPE, PVC, and AC pipes.

o Wastewater System: Wastewater is collected via an HDPE low-pressure force main system, which
conveys sewage from individual lot lift stations to the Wastewater Treatment Plant (WWTP). This
sealed system is designed to prevent inflow and infiltration, a critical feature given the high
groundwater table.

e Stormwater System: There is currently no formal, engineered stormwater collection and conveyance
system within the Hamlet. Drainage relies on informal overland flow via ditches and swales, with runoff
ultimately infiltrating into the ground or flowing to the Elbow River.
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M40 Review of Existing Information

4.1 Previous Studies and Reports

This MDP is informed by several key technical documents:

e Bragg Creek Hamlet Expansion ASP Servicing Feasibility Study (ISL, 2020): Provided a baseline
assessment of water and wastewater infrastructure capacity and identified future servicing needs and
design parameters.

e Impacts of Proposed Flood Protection Dikes at Bragg Creek on Flood Conditions at Redwood
Meadows (Amec Foster Wheeler, 2016): Contains detailed hydraulic modeling of the Elbow River,
confirming the presence of a natural flood spillway (flow split) at Balsam Avenue and providing critical
data on flood elevations.

e Hydrogeological Investigation for Gateway Village (ISL, 2021): A critical study confirming the high
permeability of the alluvial aquifer and its direct hydraulic connection to the Elbow River. The
investigation documented the rapid response of groundwater to changes in river stage, observing a lag
time of only approximately half a day, and concluded that groundwater levels across the site will likely
rise to match the 1:100-year flood elevation of the river.

e Stormwater Management for Gateway Village in Bragg Creek (ISL, 2022): Outlined a site-specific
stormwater management strategy for a major development, highlighting the challenges of groundwater
rise and the necessity of a lift station for positive drainage. Gateway Developments Ltd. has granted
ISL Engineering permission to include information from the Stormwater Management Report for
Gateway Village within this document.

e Bragg Creek Area Structure Plan Hamlet Review (Rocky View County, ongoing): Provides the
land use and planning vision for future growth that this MDP is designed to support.

e Hydrogeological Development Suitability Study (WSP, 2025): This is the foundational
hydrogeological assessment for the MDP. It characterizes the surficial and bedrock geology, analyzes
groundwater conditions, and provides a detailed assessment of groundwater seepage and flooding
risks. The study concludes that induced groundwater seepage during a 1:100-year flood event may
propagate 50 to 100 m inland from the river and flood berm, confirming that groundwater management
is the central challenge for drainage and development in Bragg Creek.

e Bow and Elbow River Hazard Study — Flood Risk Inventory and Assessment Report (WSP,
2025a): This provincial study provides a detailed inventory of land parcels, buildings,
infrastructure, and population at risk from various flood events (2-year to 1,000-year). For Bragg
Creek, it specifically quantifies infrastructure vulnerabilities, noting that the Bracken Road bridge is
overtopped starting at the 50-year flood event and Highway 22 is impacted starting at the 75-year
event. Crucially, it also confirms that the Bragg Creek Water Treatment Plant is not affected by
any of the modeled open water flood events.

¢ Bow and Elbow River Hazard Study — Design Flood Hazard Mapping Report (WSP,
2025b): This report establishes the official regulatory flood hazard zones for the Hamlet based on
the 100-year design flood. It formally delineates the Floodway, Flood Fringe, High Hazard Flood
Fringe, and Protected Flood Fringe areas. The "Protected Flood Fringe" designation applies to the
areas behind the new flood barriers, acknowledging the residual risk from groundwater or a
potential berm failure. This MDP officially adopts these flood hazard classifications.
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4.2 Historical Flood Events and Records

The June 2013 flood is the defining historical event for the study area. This event caused widespread
inundation from both overland river flow and significant groundwater-related flooding throughout the
Hamlet. Anecdotal and recorded evidence from 2013 validated the long-held understanding that the
community's flood risk is a complex interaction between the river and the underlying aquifer.

While the subsequent construction of the Elbow River Flood Barrier provides protection against overland
river flow for a specific design event, the hydrogeological mechanism observed in 2013 remains.

The Hydrogeological Development Suitability Study (WSP, 2025) was commissioned to analytically
quantify this subsurface flood risk. The study's key finding is that a direct hydraulic connection between
the river and the shallow alluvial aquifer will cause significant groundwater to rise behind the flood berm
during a major flood. The modeling shows that during a 1:100-year event, the zone of impact from this
induced groundwater seepage is expected to extend 50 to 100 meters inland from the river and flood
berm. Within this zone, groundwater is predicted to "daylight" (emerge at the surface) and cause
significant hydrostatic pressure on subsurface structures like basements.

Figure 4.0 (taken from the draft hydrogeological study by WSP, 2025) illustrates the predicted extent of
groundwater daylighting and potential seepage impacts to basements during a 1:100-year flood. This
analytically confirmed inundation map is foundational to this MDP, reinforcing that the primary drainage
challenge is not preventing water from entering the "protected" area, but rather managing the
groundwater that will inevitably rise from below.

4.3 Available Survey and Mapping Data

The analyses in this Master Drainage Plan are based on a comprehensive set of survey, mapping, and
infrastructure data specifically relevant to surface water drainage. The primary data sources included:

e Topographic Data: Recent Light Detection and Ranging (LIDAR) data covering the entire study area.
This high-resolution dataset was used to create the Digital Elevation Model (DEM) that defines
overland flow paths, delineates catchment areas, and models the existing ditches and swales for the
hydraulic analysis.

e Aerial Photography: High-resolution aerial imagery was used to assess land cover, vegetation
density, and estimate surface imperviousness (e.g., roads, rooftops, gravel lots). This information was
critical for assigning runoff parameters in the hydrologic model.

e Infrastructure Records: An inventory of existing surface drainage features was compiled from Rocky
View County's GIS database and a review of as-built drawings, where applicable. Mapping provided
building footprints and road outlines, which are critical for defining hydraulic obstructions and
roughness areas in the 2D model.

e Field Survey Data: Site-specific field investigations were conducted to validate the LiDAR data and
confirm key infrastructure details.

4.4 Review of Relevant Policies and Standards

The design criteria and recommendations in this report adhere to the Rocky View County Servicing
Standards and the Alberta Environment and Protected Areas (AEPA, formerly AEP) Stormwater
Management Guidelines.
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M 5.0 Data Collection and Field Investigations

5.1 Topographic and LiDAR Data Acquisition

A recent LIDAR dataset provided the basis for the Digital Elevation Model (DEM) used in the hydraulic
and hydrologic modeling, defining overland flow paths and delineating catchment areas. Existing
topographic map of the study area is detailed in Figure 5.0.

5.2 Infrastructure Inventory and Condition Assessments

A comprehensive inventory of the existing surface drainage infrastructure was conducted to establish a
baseline for the hydraulic analysis. The process integrated a desktop review of Rocky View County's GIS
database and available as-built records with a detailed analysis of high-resolution LIiDAR data. This data
was used to create a Digital Elevation Model (DEM) that delineated the network of informal roadside
ditches, swales, and the dominant overland flow paths that constitute the Hamlet's de facto major
drainage system.

The inventory revealed that the Hamlet relies on an ad-hoc collection of infrastructure with several key
deficiencies. Many roadside ditches and swales are discontinuous, terminating at property lines or
driveways without a clear connection to a downstream path, which is a primary cause of nuisance
ponding.

Crucially, the overland flow path analysis confirmed that topography naturally directs major flows from the
Hamlet's core northward across Balsam Avenue. This corridor functions as the community's unofficial but
critical emergency spillway. Additionally, it is important to note that the Balsam Avenue Bridge is the only
access point for West Bragg Creek. This makes the bridge a critical piece of infrastructure for both daily
access and emergency response, especially during flood events when alternative routes may be
unavailable.

5.3  Site Visits and Photographic Documentation

An initial site visit was conducted in August 2025 to observe current site conditions, verify the status of
recent flood mitigation works, and document key features of the existing informal drainage system within
the Hamlet.

The recently constructed Elbow River Flood Barrier was observed to be complete and functional, with the
berm and associated rip-rap installed as per design. Key components of the system, including outfalls
and drainage swales/culverts along the land side of the berm, were also noted.

Observations within the Hamlet's core, away from the new flood barrier, identified significant deficiencies
in the existing informal drainage system. Numerous culverts under roadways and driveways were found
to be partially or fully blocked with sediment and debris. In several locations, culverts were noted to be
partially crushed or damaged, severely restricting their hydraulic capacity (see Figure 5.0, below).
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Figure 5.0: Crushed or Damaged Culverts

Similarly, many of the roadside swales were heavily overgrown with vegetation, which impedes flow and
reduces conveyance capacity. These swales require significant vegetation removal and, in many cases,
re-grading to restore their intended function. A common issue identified was a lack of positive drainage
connectivity; swales along individual properties or driveways frequently terminate without a clear
connection to a downstream swale or culvert, creating areas of localized ponding (see Figure 5.1, below)
These field observations confirm the need for a formalized major drainage system to effectively convey
stormwater.

Additional site visits may be warranted following the completion of the hydraulic modeling and upon
receipt of feedback from the County. Such visits would serve to ground-truth specific model outputs or
investigate areas of concern identified during the review process. This section will be updated as required
for the final report submission.
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Figure 5.1: Localized Ponding Area
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M 6.0 Hydraulic Analysis

6.1 Model Set-Up

The model used for assessing the Bragg Creek stormwater system was PCSWMM Version 7.4 developed
by Computational Hydraulics International (CHI). The software was chosen due to its ability for 2-D
integrated modeling combined with its powerful GIS integration in addition to its 1-D modelling
capabilities. Some of the capabilities of PCSWMM that were an asset for this project are summarized
below:

o Effective in urban and rural applications, PCSWMM is a popular modelling software utilized by
numerous municipalities across the country.

e Ease with applying differential cell sizing.

e Rain on Mesh option is available, meaning that overland flow path assumptions are not necessarily
required upfront.

e Triangular mesh elements mean that the surface can be modelled with extreme accuracy; ¢ Ability for
terrain sensitive meshing, ensuring that changes in topography are reflected in the mesh.

e Ability to account for building footprints.
e Compatible with ArcGIS.

A 2-D model was built for Bragg Creek to assess the existing conditions of Bragg Creek. The 2-D model
was constructed by utilizing all available data combined with survey, limited record drawings, and certain
assumptions. Section 6.2 describes the process that was undertaken to develop the 2-D model, including
a discussion of the features and parameters that were required as input into the mesh development
process, and a summary of the mesh generation itself.

6.2 Major System (2D) Development

The major system consists of all overland drainage components listed in section 3.0. The following
parameters have been considered to develop a mesh, which ultimately represents the overland drainage
system:

e Boundary Layer

e Roughness

e Resolution

e Seepage (infiltration)
e Obstruction layer

The bounding layer represents the boundary in which the 2D analysis will occur and is digitized to be a
simplified version total catchment area for Bragg Creek. 2D nodes are created within the boundary layers
by sampling elevations from a digital elevation model (DEM) layer. A 2D mesh is created from the 2D
nodes. The mesh represents the surface with hexagons as mesh elements, each with their own unique
elevation. Together with other mesh elements, a surface is formulated. The number of mesh elements
has a direct impact on simulation run times. Various parameters can be considered when developing a
mesh. For the model that has been developed as part of the MDP, these parameters include the
resolution, roughness, and seepage for each boundary layer.
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The mesh zone specifies different mesh element densities for various zones, to either increase or
decrease the resolution of a zone depending on its importance. For example, in order to capture pertinent
features such as the crowns of roads or curb and gutters, roadways are generally defined by denser,
smaller elements. Alternatively, greenfields that do not impact existing developments could be considered
for larger mesh elements.

The roughness zone allows various Manning’s n roughness values for different parts of the mesh. A
roughness value is assigned to each mesh element depending on which roughness zone that mesh
element is a part of. The roughness zone allows for a more accurate representation of different surfaces
within the model.

Seepage is another parameter for the bounding layer which defines the seepage rate for generating the
mesh. The seepage rate allows for varying infiltration parameters across the mesh, depending on the
different surfaces that are apparent within the mesh. Each boundary layer is designated a seepage rate,
using the Horton Method for infiltration. For this study, due to potentially high groundwater interactions, a
low seepage rate was used to remain conservative.

Default mesh, roughness and seepage parameters were defined in the boundary layer to represent
impervious areas such as roadways and buildings. These default parameters are stipulated below in
Tables 6.1, 6.2, and 6.3.

The boundary layer parameters are based on ISL’s experience using PCSWMM, optimizing both model
simulation time and level of detail. The roughness zone parameters are based on engineering best
practices, and are consistent with past projects completed by ISL. The seepage parameters are based on
a combination of the runoff coefficients stipulated in the Stormwater Management and Design Manual
(City of Calgary, 2011) with the goal of maintaining conservative values due to the mentioned shallow
water tables and shallow bedrock in the area.

Table 6.1: Mesh Zone Parameter Per Land Use Type
Land Use | Resolution | Style \

Grassed Area 8 Hexagonal
Roads 8 Hexagonal
Commercial 8 Hexagonal

Table 6.2: Roughness Zone Parameters Per Land Use Type

Land Use Roughness Coefficient

Grassed Area 0.04
Roads 0.011
Commercial 0.081

Table 6.3: Infiltration Zone Parameters Per Land Use Type
Land Use Seepage Rate (mm/hr) |

Grassed Area 1.016
Roads 0
Commercial 0
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Incorporating buildings into the 2D model was a major consideration. Ultimately, as the models utilize
mesh ideology, the most conservative and effective approach was found to represent the buildings on an
obstruction layer, meaning the buildings are not a part of the mesh. In addition, the existing berm was
also modeled as an obstruction. The berm and building footprints were digitized based on the available
engineering drawings and aerial imagery.

6.3 Channel and Overland Flow Path Analysis

The hydraulic model developed for this MDP confirms that under extreme flood conditions, the primary
overland flow path within the downtown Bragg Creek area is north across Balsam Avenue as shown in
Figure 14.0. This result is directly consistent with the independent hydraulic modeling performed by Amec
Foster Wheeler (2016), which identified this corridor as a natural "flow split" in the Elbow River's flood
fringe. This overland path exists over private lands and represents the natural topographic spillway for the
area, not a constructed channel.

6.4 Culvert and Bridge Capacity Assessments

The hydraulic performance of key crossings was assessed in the provincial Bow and Elbow River Hazard
Study (WSP, 2025a). The study concluded that while the Centre Avenue bridge has sufficient capacity,
the Bracken Road bridge is overtopped during a 50-year flood event and would be overtopped by 1.1
meters during the 100-year design flood. This crossing is a significant hydraulic constriction and a known
high-risk area.

6.5 Floodplain Mapping and Extent

Floodplain mapping for this MDP is based on the official Design Flood Hazard Mapping Report for the

Bow and Elbow River Hazard Study (WSP, 2025). The area within the Hamlet protected by the Elbow

River Flood Barrier is officially classified as a Protected Flood Fringe, acknowledging the residual flood
risk from groundwater surcharge and potential berm failure.
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M 7.0 Design Criteria

The design criteria for the Bragg Creek stormwater system are based on the Rocky View County
Servicing Standards, AEPA Stormwater Management Guidelines, The City of Calgary’s Stormwater
Management and Design Manual, and best engineering practices adapted for the unique hydrogeological
conditions of the site.

7.1 Design Rainfall Events

The design storms applied in this study are based on The City of Calgary’s adjusted Meteorological
Service of Canada (MSC) intensity-duration-frequency (IDF) curves, consistent with regional practice.

Major System Design: The overland flow system (roadways) and the SWMF are designed to manage
the 1:100 year, 24-hour Chicago design storm.

Table 7.1:  City of Calgary’s Adjusted MSC IDF Curve — Intensity Summary (mm/hr)
58.80 # 87.60 @ 106.80 132.00 @ 150.00 168.00
60 13.70 | 19.40 23.20 28.00 31.60 35.10
720 2.59 3.50 4.09 4.85 5.41 5.97
1440 1.55 2.13 2.52 3.00 3.37 3.73

Table 7.2:  City of Calgary’s Adjusted MSC IDF Parameters
Return Frequency

_ RewmFrequency
e

a 243.0 | 353.5 4291 522.6 594.9 663.1
b 2710 | 2290 & 2.160 1.960 1.940 1.870
c 0.695 | 0.703 0.707 0.709 0.711 0.712

Table 7.3:  Climate Change Adjusted IDF Parameters (RCP 4.5 - 2050 Horizon)
Return Frequency

_ RewmFrequency
e

a 16.2 23.2 28.8 36.9 44.0 53.0

b 0.054 @ 0.064 0.076 0.095 0.119 0.143

c 0.730 | 0.757 0.772 0.784 0.794 0.803
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Figure 7.1: Design Rainfall Event Hydrographs

7.2 Assessment Criteria

In assessing the storm drainage system in an area, typically a 1:5 year storm is used to assess the minor
(piped) drainage system under short duration, high intensity rainfall events. This is followed by analysis
with a large volume storm to test the system under large flow volumes once the system is saturated,
which would typically be a 1:100 year, 24-hour event. Given the existing system is entirely overland
drainage, only the 1:100 year storm was assessed in the 2D model.

7.2.1 2D Assessment Criteria

To present and evaluate 2D assessment model results, model files were reviewed, and results data was
extracted for both depth and velocity at the maxima, for the 1:100 year event. The complete model file
contains velocity and depth properties at any time step within the simulation in the event they are
required. Additionally, different storm events can be applied to the model to allow Rocky View County to
explore different scenarios, if required.

To increase public safety, the Province of Alberta has stipulated permissible depths for submerged objects
in relation to water velocity. This guideline, Stormwater Management Guidelines for the Province of
Alberta, 1999, was implemented to ensure that a 20 kg child would be able to withstand the force of
moving water, thus preventing possible tragedies. Figure 7.2 indicates these requirements.
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Figure 7.2: Permissible Depth vs. Velocity
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B 8.0 Existing System Assessment

The existing system was assessed using the design criteria stipulated above. The existing system was
assessed under the City of Calgary 1:100 year 24-hour Chicago design storm. Simulation results are
described in Section 8.1 below.

8.1 Hamlet Area - 1:100 Year Event 2D Model Results Summary

To assess Bragg Creek’s existing overland drainage system, model results were extracted at the maxima
for both water depth relative to the LIDAR surface and surface flow velocity. It is noted that the maxima
represent the peak depth/velocity value of each mesh element at a specific point in time. The water depth
and surface flow velocity results are illustrated in Figures 8.2 and 8.3, respectively.

The results shown on Figures 8.1 indicate that Bragg Creek largely meets the Provincial depth vs.
velocity criteria. Figure 8.1 plots model results compared to the province’s requirements, with very few
mesh elements exceeding the criteria.

Depth vs. Velocity Criteria

Depth (m)

PY [
o' * .
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Velocity (m/s)
—@— Alberta Environment Criteria ® Study Results

Figure 8.1: Hamlet Area - Modelling Results for Depth vs. Velocity
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8.2 Hamlet Area - Observations and Recommendations

Based on the initial findings of the 1:100 year 24-hour Chicago storm 2D simulation, the following general
observations, and recommendations to address the surface drainage issues in Bragg Creek are
described as follows:

e There are certain areas on the surface side of the berm where overland drainage may pond, resulting
in excessive depths. Some of these are listed below.

e The highest depths observed during the 2D simulation were observed north of Bracken Road Bridge,
where the “West Barrier North” was constructed. Upstream flows pond on the surface side of the
barrier and struggle to drain around the modeled obstruction. Drainage improvements should be
made either through an outlet into the Creek, or through potential swale improvements north of the
barrier to divert as much drainage as possible prior to its arrival to the barrier. Note: though the WSP
drawings show a “groundwater control outlet”, no additional details were provided in the WSP
drawings (making it not clear if it was a surface or below-ground outlet), and the area was
inaccessible during the site visit for visual confirmation, so a potential outlet for this area was omitted
in the 2D model, and the entire barrier length was modeled as an obstruction.

e There are intermittent areas along “East Barrier South” that indicate some ponding. These areas
could be improved through improving the nearby drainage ditches that direct flow towards the
nearby surface drainage outlets.
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8.3 Expansion Area - 1:100 Year Event 2D Model Results Summary

To assess Bragg Creek’s expansion area drainage system, model results were extracted at the maxima
for both water depth relative to the LIDAR surface and surface flow velocity. It is noted that the maxima
represent the peak depth/velocity value of each mesh element at a specific point in time. The water depth
and surface flow velocity results are illustrated in Figures 8.5 and 8.6, respectively.

The results shown on Figures 8.4 indicate that there are certain locations within the expansion area
exceeding the provincial criteria, though most locations meet the requirements.

Depth vs. Velocity Criteria

15

Depth (m)

0.5 ®
[ J ®
ﬂ
0 Me o
0 0.5 1 1.5 2 2.5 3 3.5
Velocity (m/s)
—@— Alberta Environment Criteria ® Study Results

Figure 8.4: Expansion Area - Modelling Results for Depth vs. Velocity
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8.4 Expansion Area - Observations and Recommendations

Based on the initial findings of the 1:100 year 24-hour Chicago storm 2D simulation, the following general
observations, and recommendations to address the surface drainage issues in the expansion area are
described as follows:

e There is an existing low spot north of 50095 E Park Pl where the 2D simulation indicates significant
ponding. Certain locations around this area also indicate high velocities, which may be where most of
the depth vs. velocity criteria is exceeded as noted above. This area would likely serve as a potential
stormwater facility location for the future expansion area.

e There is some significant ponding north of the intersection between E Park Pl and Highway 22,
indicating that the drainage ditch leading north is not necessarily functioning as intended. This area
requires some re-grading of the ditch to ensure the flow direction is maintained to avoid ponding.
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B o.0 Flood Risk Assessment

9.1 Identification of High-Risk Areas

The entire Hamlet area is considered to have a high risk of flooding due to its proximity to the Elbow River
and the confirmed hydrogeological conditions, though the southern portion of the Hamlet is at highest
risk, as it is topographically lower and will experience the most significant groundwater surcharge and
longest ponding durations. This is displayed in both the previously shown Figure 4.0 as well as Figure 9.0
(taken from the Bow and Elbow River Hazard Study by WSP, 2025).

9.1.1 Groundwater Seepage Risk

While the flood berm protects against overland flow, the draft hydrogeological study by WSP (2025) study
provides a quantitative assessment of the risk from groundwater seepage. Analytical modeling indicates
that during a 1:100-year flood event on the Elbow River, impacts from induced groundwater seepage can
propagate between 50 to 100 meters laterally inland from the river channel and berm.

This seepage will manifest as daylighting of groundwater on the surface and significant hydrostatic
pressure on subsurface structures like basements within this zone. The calculated seepage fluxes are
significant, estimated to be between 8 and 9 m3/day per linear meter of riverbank at 50m from the
river/berm interface. This finding analytically confirms that a portion of the Hamlet's area will experience
direct inundation from groundwater during a major flood, reinforcing the strategy to manage this water
within an enhanced major system rather than attempting to prevent it. The water daylighting and seepage
extents are displayed in Figure 4.0 (WSP, 2025).

9.2 Understanding of the Flood Berm

The Elbow River Flood Barrier is a critical piece of infrastructure that significantly reduces the risk of
catastrophic overland flooding in Bragg Creek. However, it is essential for planning, development, and
emergency response to have a clear understanding of its function, design limitations, and the types of
flood risk that remain.

9.2.1 Berm Function and Limitations

The flood berm is designed to prevent surface water from the Elbow River from flowing overland into the
community up to its design capacity. It functions as a dam. Its critical limitation, dictated by the area's
geology, is that it does not stop groundwater flow. The highly permeable alluvial aquifer beneath the
Hamlet allows groundwater levels on the "dry" side of the berm to equalize with the elevated river levels
on the "wet" side during a flood. This results in groundwater surcharging the ground surface.
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9.2.2 Design Level of Service

The Elbow River Flood Barrier in Bragg Creek was designed and mapped to provide protection against
the 1:100-year open water flood, which is the design flood standard used for the entire study area (Bow
and Elbow River Hazard Study - Design Flood Hazard Mapping Report, Report 1, Section 3.1).

While the official design level is the 1:100-year event, the flood risk assessment data suggests the berms
are overtopped or fail in a flood scenario between the 1:200-year and 1:350-year recurrence interval. At
the 1:350-year flood level, the area behind the berm transitions entirely from being mapped as a
"protected flood fringe" to an area of "direct inundation" (Bow and Elbow River Hazard Study - Flood Risk
Inventory and Assessment Report, Report 2, Tables 23 & 25).

9.2.3 Flood Frequency vs. Inundation Extent

The extent and depth of surface water inundation are directly related to the magnitude of the river flood.
While the community is protected from direct overland flow during the 1:100-year design flood, larger and
rarer floods will result in more severe impacts. The design flood hazard maps illustrate these increasing
risks by showing the incremental inundation extents for floods larger than the design standard (Bow and
Elbow River Hazard Study - Design Flood Hazard Mapping Report, Report 1, Executive Summary).

e 1:100-Year Event: Inundation from groundwater seepage is predicted to extend 50-100 meters inland,
as shown in Figure 4.0.

e Events > 1:100-Year (e.g., 1:200-Year & 1:500-Year): A larger flood produces a higher river level,
resulting in a greater extent of overland flooding in unprotected areas. The hazard maps specifically
illustrate the areas at risk for the regulated 1:200-year and 1:500-year floods to show this escalating
risk (Bow and Elbow River Hazard Study - Design Flood Hazard Mapping Report, Report 1, Section
4.3.1).

9.2.4 Residual Risk: Berm Failure or Overtopping

A residual risk always exists for any flood mitigation structure. The area behind the Bragg Creek berm is
mapped as a "Protected Flood Fringe" to illustrate this risk, which could be realized in the event of a flood
that exceeds the berm's capacity or a structural failure (a breach) (Bow and Elbow River Hazard Study -
Design Flood Hazard Mapping Report, Report 1, Executive Summary & Section 3.3).

In such a failure scenario, the consequences would be severe. This would result in overland flooding
characterized by conditions similar to a "Floodway"—the zone of highest hazard where flows are
described as "deepest, fastest, and most destructive" (Bow and Elbow River Hazard Study - Design Flood
Hazard Mapping Report, Report 1, Section 3.2). This highlights the berm's critical importance for life
safety by preventing destructive, high-velocity overland flow from entering the community during the
design flood.

9.2.5 Official Flood Hazard Designation

In recognition of the residual risk from groundwater, the Design Flood Hazard Mapping Report (WSP,
2025b) officially classifies the area behind the flood berm as a Protected Flood Fringe. This provincial
designation aligns with the findings of this MDP and reinforces the need for an internal drainage strategy
focused on managing groundwater surcharge.
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9.3 Designated Emergency Spillway

The primary overland flow path for extreme flood events within the Hamlet is north across Balsam
Avenue. This corridor is formally recognized as the community's designated emergency spillway. It is
critical to understand that the identified emergency spill route across Balsam Avenue follows a pre-
existing natural overland path across private property. This MDP does not create a new spill channel; it
documents the existing, topographically controlled path for clarity, risk management, and emergency
planning.

The function of this corridor as a natural low point and "flow split" in the Elbow River's flood fringe was
confirmed analytically in the Amec Foster Wheeler (2016) hydraulic model. The spill is initiated when
water levels in the Hamlet's core exceed an approximate elevation of 1297.8 m. The drainage strategy in
this MDP is fundamentally designed to preserve and formalize the conveyance towards this natural outlet.
Any development or infrastructure must not obstruct this critical corridor.

9.4 Infrastructure Vulnerability Assessment

Provincial studies allow for a detailed assessment of specific assets. The findings highlight critical
vulnerabilities in the transportation network but also confirm the resilience of key utility infrastructure.

e Transportation Network: The transportation network is the most vulnerable public asset, with flood
impacts that threaten community access and safety. The Bow and Elbow River Hazard Study - Flood
Risk Inventory and Assessment Report (Report 2), Executive Summary and Section 4.3.5, detail
extensive road inundation at various flood levels, including primary access routes like Highway 22.

e Bracken Road Bridge: The quantitative assessment identifies this bridge as a primary hydraulic
constriction. It will be overtopped during a 1:50-year flood event (WSP, 2025a). During a 1:100-year
event, it would be submerged by over a meter of water, effectively acting as a dam. This will
exacerbate upstream flooding in the Hamlet’s core and sever an important local transportation link.
Bow and Elbow River Hazard Study - Flood Risk Inventory and Assessment Report, Table 13, shows
the clearance for the Bracken Road bridge is -0.3 m at the 50-year flood and -1.1 m at the 100-year
flood.

e Highway 22: The study shows that sections of Highway 22 between Bragg Creek and Highway 8 will
be inundated during a 1:75-year flood event (WSP, 2025a). As the primary access route, the
inundation of Highway 22 would isolate the Hamlet, severely compromising emergency response
(ingress for fire/ambulance, egress for evacuation). Bow and Elbow River Hazard Study - Flood Risk
Inventory and Assessment Report, Section 4.3.5, explicitly states: "Highway 22 between Bragg Creek
and its intersection with Highway 8 starting at the 75-year flood”.

e Bragg Creek Water Treatment Plant: The provincial risk assessment confirmed that the Water
Treatment Plant is not expected to be affected by open water flood events (WSP, 2025a). This is a
significant positive finding, indicating that the community’s potable water supply is likely to remain
secure and operational during a major flood.
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9.5 Impacts on Private Property and Public Assets

The primary threat to private property is not from berm failure, but from the inevitable rise of groundwater
behind it. As established in the Hydrogeological Study (WSP, 2025) and reinforced by the provincial
"Protected Flood Fringe" designation, future development will be at high risk without a comprehensive
drainage plan.

e Groundwater Inundation: During a 1:100-year event, groundwater is expected to "daylight" (emerge
at the surface) within 50 to 100 metres of the flood berm. This will cause direct surface flooding on
private lots, regardless of local rainfall.

e Structural and Property Damage: Properties within this zone will experience significant hydrostatic
pressure on foundations, leading to a high risk of basement flooding, structural damage, and
destruction of mechanical/electrical systems located below grade.

e Public Safety: Uncontrolled surface flooding contained within private lots and depressions creates
unpredictable hazards.

9.6 Flood Hazard Mapping and Classification

The official flood hazard maps for the Hamlet of Bragg Creek are those produced as part of the Bow and
Elbow River Hazard Study — Design Flood Hazard Mapping Report (WSP, 2025b). These maps define
the regulatory Floodway, Flood Fringe, High Hazard Flood Fringe, and Protected Flood Fringe areas. As
illustrated in the official Design Flood Hazard Map for Bragg Creek (Figure 9.0), the area behind the flood
berm is designated as a Protected Flood Fringe. The delineation of the regulatory floodway is based on a
technical assessment of flood depth and velocity, as shown in the Floodway Criteria Map (see Figure
9.1).
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B 10.0 Future Stormwater Assessment

The stormwater management strategies for future development in Bragg Creek must be tailored to the
distinct hydrogeological conditions of two separate areas: the Hamlet core and the designated Expansion
Area. The Hamlet core is severely constrained by its proximity to the Elbow River and high groundwater,
necessitating an engineered, pumped system for new dense development. In contrast, the
topographically higher Expansion Area is suitable for a conventional gravity-based system integrated with
Low Impact Development (LID) practices.

This section outlines the distinct stormwater management concepts for these two fundamentally different
development areas.

10.1 Interim Fire Suppression

In addition to stormwater management, any SWMF, in either the Hamlet or Expansion Area, must be
designed to serve as an interim water source for fire suppression. Until regional fire protection upgrades
are complete, developments may use stormwater facilities as fire ponds with dry hydrants designed to
RVC standards, including winter/ice cover operational provisions and access/offsets to satisfy Fire Code
requirements at the Development/Building Permit stage.

This aligns with Section 7010.2 of the Rocky View County Servicing Standards. The developer will be
responsible for incorporating these features into the SWMF design and securing all necessary approvals
from the County Fire Service.

10.2 Hamlet Area

Unlike the Expansion Area, future development and redevelopment within the Hamlet's core are severely
constrained by the area's hydrogeology. As established in the Hydrogeological Study (WSP, 2025), the
shallow alluvial aquifer is in direct and rapid hydraulic connection with the Elbow River. During high river
stages, this results in a high water table and the potential for groundwater to surcharge the ground
surface, regardless of local rainfall.

This direct hydraulic connection means that a reliable gravity outlet does not exist during high river
stages, rendering traditional storm sewers ineffective. Furthermore, it requires a specialized approach to
Low Impact Development (LID), as simple infiltration systems can become sources of groundwater
intrusion when the water table rises. Therefore, the stormwater management strategy for the Hamlet core
must focus on positive conveyance, a reliable engineered outfall, and facilities designed for two-way
hydraulic interaction with the subsurface.

10.2.1 Centralized System for New Developments

As a condition of approval, new high-density developments (such as the Gateway Village and Balsam
Avenue projects) will be required to design, fund, and construct a self-contained, engineered stormwater
system. This approach ensures that new growth can be serviced safely without relying on a non-existent
gravity outfall. The key components of this system are:
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o A dedicated facility (e.g., a wet pond) to provide water quality treatment and attenuate post-
development runoff to the approved release rate, with a mechanical pumping station to provide a
positive, reliable outfall to the EIbow River, as a gravity connection would be compromised by high river
levels and groundwater.

e The default stormwater release rate for Bragg Creek as well as the Expansion Area is 6.0 L/s/ha,
consistent with the 2013 regional Master Drainage Plan. However, proponents of new major
developments have the option to establish a higher, site-specific rate through a detailed pre-
development analysis, acknowledging that the baseline rate can be overly stringent for near-river
parcels with unique hydrogeological conditions. This approach is based on the methodology
successfully utilized and approved for the Gateway Village Stormwater Management Report (ISL,
2022). To establish an alternative rate, proponents will be required to develop a detailed hydrologic
model (e.g., PCSWMM or similar software) to simulate the site’s pre-development runoff conditions.
The analysis must rigorously account for site-specific characteristics, including:

e High-resolution topographic data.
e The high gravel and alluvial soil composition, which promotes significant infiltration.
o Existing vegetation, tree cover, and initial pervious depression losses.

The use of continuous simulation modeling is required to accurately capture the influence of infiltration
and antecedent moisture conditions, which is critical in the area's permeable soils. The analysis must
provide a clear, defensible rationale, consistent with Alberta Environment and Protected Areas (AEPA)
guidelines for why a higher release rate is appropriate. This justification typically relies on the site’s direct
proximity to the Elbow River, which minimizes routing effects and results in non-coinciding peak flows
between the site runoff and the river.

Based on the approved analysis for the Gateway Village site (likely being the closest development
possible to the Elbow River), the maximum permissible site-specific release rate that will be considered
under this policy is 34 L/s/ha. Any proposed rate up to this maximum must be rigorously justified by the
proponent's analysis and is subject to review and approval by the County. All modeling files, engineering
drawings and documents, as well as supporting documentation must be submitted as part of the
development application.

10.2.2 Reliance on the Major System for Infill and Existing Areas

For smaller infill projects and the existing developed area, stormwater management will continue to rely
on the formalized major system. This involves directing surface runoff to the enhanced network of roads
and ditches, which are designed to convey flows safely to the Balsam Avenue emergency spillway. The
Development Drainage Guidelines, particularly the enforcement of Minimum Building Elevations and
positive lot grading, are the primary tools for ensuring resilience in these areas. The already approved
Gateway development could potentially serve as a regional stormwater facility for infill of existing areas,
though these additional contributing areas would need to be decided on prior to the commencement of
construction and in negotiation with the developer.
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10.3 Expansion Area

The future development of the Expansion Area, located south of the Hamlet at a significantly higher
elevation, is not constrained by the Elbow River or its associated alluvial aquifer. Consequently, the
stormwater management strategy for this area can rely on a gravity-based system. However, it must still
adhere to the regional principles established in the 2013 Bragg Creek Master Drainage Plan to protect
downstream watercourses by ensuring post-development runoff mimics pre-development hydrological
conditions.

This will be achieved through a "treatment train" hierarchy that prioritizes source controls through Low
Impact Development (LID) before conveyance to a central Stormwater Management Facility (SWMF).

It is the responsibility of the developer, in consultation with Rocky View County, to assess and confirm
that the downstream receiving system has sufficient capacity to safely convey post-development flows. All
proposed stormwater management solutions must be supported by detailed hydrological and hydraulic
analyses and must be reviewed and approved by the County prior to implementation.

10.3.1 Low Impact Development (LID) Integration

In full alignment with the principles of the 2013 Master Drainage Plan, and in contrast to the hydro-
geologically constrained Hamlet core, the Expansion Area presents an ideal opportunity for the
integration of Low Impact Development (LID) practices. The objective of incorporating LIDs is to manage
rainfall where it falls, promoting infiltration, filtration, and evapotranspiration to reduce the overall volume
and improve the quality of stormwater runoff before it reaches the SWMF.

Developers will be required to incorporate a suite of LID practices into their site design. Based on the
suitability assessment in the 2013 MDP, the following practices are considered highly applicable to the
Expansion Area:

e Maintaining Natural Areas: Preserving significant portions of the site's existing natural vegetation,
particularly tree stands and native grasslands, to maintain natural hydrological function.

e Absorbent Landscapes: Designing lot-level landscaping with thickened topsoil and native vegetation
to capture and absorb runoff from rooftops and driveways. This is one of the most effective and reliable
lot-level LIDs.

e Vegetated Swales and Bioswales: Utilizing grass-lined swales and engineered bioswales in place of
traditional curb and gutter for roadway drainage. These features slow runoff, promote infiltration, and
provide effective water quality treatment.

e Better Planning Practices: Employing site design techniques that minimize impervious surfaces, such
as reducing road widths and using shared driveways where feasible, and orienting lots to maximize
overland flow across vegetated areas.

The primary benefit of this integrated LID approach is the reduction in the overall runoff volume and peak
flow rates that must be managed by the downstream SWMF. This can lead to a more efficient and
potentially smaller facility, reducing overall infrastructure costs. Therefore, the Stormwater Management
Plan for the Expansion Area shall include a dedicated section detailing the proposed implementation of
LID practices at the planning, community, and lot level.

islengineering.com Bragg Creek Master Drainage Plan 41
September 2025 Rocky View County
FINAL REPORT



10.3.2 Stormwater Management Facility

While LIDs will manage a portion of runoff, a central SWMF is still required to provide quantity and quality
control for the fully developed area.

The default stormwater release rate for the Expansion Area SWMF is 6.0 L/s/ha, consistent with the
regional target established in the 2013 Bragg Creek Master Drainage Plan. This rate is considered the
baseline for protecting downstream conveyance systems and watercourses.

However, the County may consider a higher, site-specific release rate if the proponent can rigorously
demonstrate through detailed engineering analysis that the downstream conveyance system has
sufficient and safe capacity to accommodate the proposed flows. To justify a release rate higher than the
default, the proponent must undertake a comprehensive hydraulic analysis of the entire downstream
drainage system to the ultimate outfall. This analysis, submitted as part of the Stormwater Management
Plan, must prove to the satisfaction of the County that the proposed release rate for the 1:100-year event
will not cause:

o Adverse flooding impacts on upstream, adjacent, or downstream public or private property.
e Erosion, scour, or instability in downstream ditches, swales, or watercourses.

e Exceedance of permissible depth and velocity criteria in publicly accessible areas.

e Surcharging of existing culverts or other infrastructure beyond their design capacity.

10.3.3 Outfall Capacity Assessment

This justification will form a key component of the mandatory outfall capacity assessment. As part of the
detailed design for the Expansion Area, the proponent will be required to undertake this comprehensive
study to determine a viable outfall path and its maximum safe conveyance capacity. The study must
evaluate, at a minimum, the following two options:

e Option 1: Northern Outfall (Towards the Hamlet/Elbow River): This option involves directing flow north
along existing ditches towards the Elbow River. The hydraulic model must confirm that all downstream
ditches, swales, and culverts have sufficient capacity to safely convey the proposed 1:100-year post-
development flow without causing adverse impacts within the existing Hamlet.

e Option 2: Southern Outfall (Towards Priddis Creek): This option involves directing flow south along
existing ditches, which ultimately discharge to Priddis Creek. The hydraulic analysis must confirm the
capacity of the downstream conveyance system to the ultimate outlet and assess any potential impacts
on Priddis Creek, ensuring compliance with all environmental and flow rate requirements for that water
body.

The final approved release rate for the Expansion Area SWMF will be dictated by the results of this
detailed capacity analysis and is subject to the review and approval of the County. While the proponent
may justify a rate higher than the 6.0 L/s/ha default, in no case shall the approved release rate exceed the
demonstrated safe capacity of the downstream drainage system. The full cost and execution of this
analysis, as well as the design, construction, and long-term maintenance of the SWMF and any required
downstream conveyance improvements needed to support the approved release rate, will rest with the
developer of the Expansion Area lands as a condition of development approval.
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M 11.0 Mitigation Options and Evaluation

The mitigation strategy for Bragg Creek must acknowledge that a traditional, Hamlet-wide piped storm
sewer system is not a feasible option due to cost, challenging terrain, and the overwhelming influence of
groundwater. While infiltration into the area's permeable soils is a key hydrological process, the design of
stormwater facilities must account for the dynamic, two-way exchange of water with the

subsurface. During high river stages, a rising groundwater table can reverse the hydraulic gradient,
causing simple infiltration systems to become sources of groundwater exfiltration. Therefore, this MDP
requires a strategy that leverages infiltration when conditions allow but also provides positive conveyance
and engineered controls to manage groundwater interaction. The focus shifts to managing water on the
surface and providing targeted, resilient solutions for areas of new, concentrated development.

11.1 Structural Mitigation Alternatives
11.1.1 Conveyance Improvements

e Option 1: Hamlet-Wide Road and Ditch Re-Grading (Recommended Major System
Enhancement): This is the foundational strategy for the existing community. It involves a systematic
program to improve existing roadways and adjacent ditches to create a functional and continuous
overland drainage system for both rainfall runoff and emergent groundwater. Swales and shallow
ditches would be graded to eliminate low spots and direct flow efficiently towards the Balsam Avenue
spillway. This option improves day-to-day drainage and provides a controlled path for 1:100-year
floodwaters.

e Option 2: Centralized SWMF with Lift Station (Recommended for New Developments): This
option is specifically for new, dense development areas like within the existing Hamlet core. As detailed
in site-specific stormwater studies (ISL, 2022), a reliable gravity outlet does not exist during high Elbow
River stages, as backwater from the river and high groundwater would prevent discharge. Therefore, a
lift station is required to provide positive drainage and pump treated water to the Elbow River. This self-
contained system ensures new development can be serviced effectively without burdening the
surrounding area.

11.1.2 Property Acquisition and Setbacks

The hydraulic analysis confirms that the historical flood channel north of Balsam Avenue is the Hamlet's
natural and critical emergency spillway. The primary goal is to preserve this overland flow path's hydraulic
capacity in perpetuity to ensure a safe exit route for extreme floodwaters. While wholesale property
acquisition is not envisioned, a combination of targeted land use policies, zoning tools, and development
setbacks is required.

islengineering.com Bragg Creek Master Drainage Plan 43
September 2025 Rocky View County
FINAL REPORT



Defining the Spillway Corridor

The first step is to formally delineate the spillway. The basis for this delineation will be the overland flow
path identified in the hydraulic models from this Master Drainage Plan and the Amec Foster Wheeler
(2016) study.

Land Use Policy and Zoning Mechanisms

Once defined, the spillway corridor must be protected through formal planning tools.

e Area Structure Plan (ASP) Designation: The Bragg Creek Area Structure Plan must be amended to
explicitly identify the Balsam Avenue Emergency Spillway as a critical piece of public infrastructure and
an environmental constraint. The ASP should include policies that prohibit development within the
spillway and guide appropriate land use on adjacent parcels.

e Land Use Bylaw Zoning: A specific zone should be applied to the legally defined spillway corridor.

This zoning would have highly restrictive regulations, such as:

e Prohibited Uses: All permanent structures, buildings, and residential uses.

e Restricted Uses: Fencing, significant landscaping, storage of materials, or any activity that would
impede flow or alter grade would be prohibited or require specific engineering review to prove no
negative hydraulic impact.

e Permitted Uses: Open space, natural areas, or passive recreational uses that do not require
grading or structures.

Development Setbacks and Floodproofing

For properties adjacent to, but not within, the designated spillway, specific development regulations are

necessary to mitigate risk.

e Development Setbacks: A mandatory development setback from the edge of the legally defined
spillway corridor shall be established in the Land Use Bylaw. This setback creates a buffer to prevent
encroachment and provide space for potential future maintenance or minor enhancements to the
spillway.

¢ Minimum Building Elevations (MGs): Parcels adjacent to the spillway are at a higher risk of shallow
flooding. All new construction on these parcels must adhere to the Minimum Building Elevations.

11.2 Non-Structural Mitigation Alternatives
11.2.1 Policy and Regulation Changes

e Policy and Regulation Changes (Highly Recommended): This is the most critical component for
ensuring long-term community resilience.

e Minimum Building Elevations (MGs): Enforce strict MGs for all new construction, set with a safe
freeboard above the 1:100-year flood/groundwater elevation. This elevates properties above the
predicted water level in the major system.

e Lot Grading Policies: Require all new and redeveloping lots to have a lot grading plan that
demonstrates positive drainage to the public right-of-way (the road/ditch system) without impacting
neighbours.

e Emergency Response Planning: An EOP remains critical, focused on the operational reliability and
failure protocol for the developer-owned lift station and public notification procedures during a major
flood event.
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11.2.2 Emergency Response Planning

An Emergency Operations Plan (EOP) must be developed. A key component of this EOP will be the
response protocol for a lift station failure during a major storm event, outlining procedures for monitoring,
public notification, and potential deployment of temporary pumping solutions. Furthermore, the EOP must
include protocols related to the interim use of the SWMF as a fire suppression resource, including
procedures for ensuring year-round access and operational readiness, particularly during winter/ice
conditions.

11.3 Screening and Evaluation Criteria

Options were evaluated on technical feasibility, public safety, cost-effectiveness for the County, and
operational sustainability. The unfeasibility of a Hamlet-wide minor system was a primary screening
factor. The evaluated options were screened based on the following criteria:

e Public Safety: Ability to protect life and property from flooding.

e Technical Feasibility: Effectiveness given the high groundwater and river interaction.
e Economic Viability: Capital and long-term operational costs.

e Environmental Impact: Effects on water quality and the Elbow River ecosystem.

e Operational Reliability: Resilience and maintenance requirements.

11.4 Preferred Options and Rationale

The preferred strategy is a pragmatic, hybrid approach that is both effective and financially viable:

4. For the Existing Hamlet: Implement Major System Enhancements (Option 1) over time to improve
existing drainage and provide a controlled flood conveyance network.

5. For New Major Development: Require the construction of a Centralized SWMF with a Lift
Station (Option 2) as a condition of development approval.

6. For All Development: Immediately implement and enforce the recommended Non-Structural
Policies (MGs, lot grading) to ensure all new construction is resilient.

This strategy provides an improved level of service for the entire community through major system
upgrades while placing the responsibility for managing the significant impact of new, dense development
directly on the developer.

islengineering.com Bragg Creek Master Drainage Plan 45
September 2025 Rocky View County
FINAL REPORT



12.0 Conceptual Design of Recommended Improvements

The conceptual design aims to achieve the following:

e To improve surface drainage throughout the Hamlet to reduce nuisance ponding from routine storm
events.

e To establish a continuous and defined major system (roads and ditches) capable of conveying the
1:100-year design flood event while protecting adjacent private properties.

e To ensure new development manages its 1:100-year post-development runoff on-site and provides a
reliable, positive outfall via a lift station.

12.1 Preliminary Layouts and Typical Sections

The conceptual design for the Hamlet-wide major system improvements is based on establishing a
network of formalized roadways and ditches that function predictably during all rainfall events. The design
basis for these improvements shall be derived from established municipal engineering standards, such as
those provided by Rocky View County. Relevant RVC Standards are included in Appendix B.

12.1.1 Roadway and Ditch Cross-Sections

The re-grading and formalization of Hamlet roads and ditches are the foundational components of this
MDP. The typical cross-sections shown in the RVC standard drawings provide a template for these
enhancements, ensuring proper surface drainage and conveyance capacity.

e In general, the design should follow the principles outlined in the standard templates within Appendix B.
Key features to be incorporated include a properly crowned road surface (2-3% cross-slope) to direct
runoff efficiently to the shoulders and into a formalized ditch with a minimum depth of 0.80 meters and
stable side slopes (max 3:1).

12.1.2 Driveway Crossings

A critical finding of this study is that discontinuous ditches at private driveway crossings are a primary
cause of localized ponding and system failure. To create a continuous major drainage system, all new
and reconstructed driveway crossings must be standardized.

The design shown in Rocky View County Servicing Standards - Figure 400.14: Typical Rural Road

Approach Design Criteria provides the necessary standard. Key requirements include:

o A properly sized culvert (minimum 450mm diameter) to pass design flows.

e Smooth, flared transitions between the ditch and the culvert entrance/exit. In accordance with Table
400-D within the standards

e Stable side slopes (e.g., 4:1 for Secondary Highways & 3:1 for Local Roads) that seamlessly connect
the ditch on either side of the driveway, eliminating obstructions.

Standardizing driveway crossings is essential to achieving the uninterrupted conveyance required for the
major system to function as designed.
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12.2 Hydraulic Performance Expectations

e Major System (Roads/Ditches): The enhanced system will be designed to convey smaller storm
events within the ditch capacity. During the 1:100-year event, flow will be contained within the road
right-of-way (ditch and road surface), with depths not exceeding 0.30m on the roadway itself while
maintaining freeboard to MG’s. For more frequent storms, such as the 1:5-year event, at least one lane
of traffic in each direction must be free of flooding.

e Centralized SWMF: The developer-funded SWMF will provide water quality treatment and attenuate
post-development flows to 34 L/s/ha via the lift station. This pre-development rate is based on the
specific conditions of the infill development lands and differs from the broader regional target of 6.0
L/s/ha recommended in the 2013 Master Drainage Plan, which was established for the conversion of
large, undeveloped rural parcels and is not directly applicable to a densified Hamlet scenario requiring
a pumped outfall. The facility will include emergency storage for the 1:100-year event in case of pump
failure.

12.3 Land Requirements and Constraints

The major system improvements will be contained within existing public road rights-of-way. The
centralized SWMF will be located on private land as part of a new development. It is recommended that
subsurface investigations assessing geotechnical / hydrogeological parameters for future developments
should be conducted at a time when seasonal groundwater is potentially at its highest (i.e., late spring to
early summer).
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M 13.0 Implementation Strategy

13.1 Phasing Recommendations

A phased implementation is recommended to align with development timing, capital budget planning, and
immediate risk reduction priorities.

e Immediate Priority: Policy Adoption

e Action: Adopt the Development Drainage Guidelines (Section 14.0) into the County's Land Use
Bylaw and Servicing Standards.

e Rationale: This is the most critical and cost-effective first step. It ensures that all new construction is
resilient to known flood risks and contributes positively to the overall drainage strategy, preventing
the creation of new problems.

e Phase 1: Core Area Servicing

e Action: The design and construction of the centralized Stormwater Management Facility (SWMF)
and lift station will be a condition of approval for the Gateway Village development or any other
major new development in the Hamlet's core.

e Rationale: This places the responsibility for servicing new, dense development directly on the
benefiting parties, ensuring a robust and engineered outfall is in place before significant new
impervious surfaces are created.

e Phase 2: Major System Enhancements

e Action: The Hamlet-wide road and ditch improvements should be prioritized and implemented over
multiple years through the County's capital budget.

e Rationale: This long-term program addresses existing drainage deficiencies. Priority should be given
to areas with known repetitive flooding issues and those sections critical to establishing the main
conveyance path to the Balsam Avenue emergency spillway.

13.2 Prioritization of Major System Enhancements

To ensure funds are used effectively, the multi-year program for Major System Enhancements should be
prioritized based on the following criteria, in order of importance:

1. The highest priority shall be given to any work required to protect, preserve, and enhance the
hydraulic function of the Balsam Avenue emergency spillway. This includes removing any
identified obstructions and formalizing the conveyance paths that lead directly to it.

2. Priority should be given to projects that create a continuous, connected flow path. Improvements
should begin at the downstream end and work upstream, ensuring that improved sections have a
functional outlet.

3. Projects that address areas with a documented history of repetitive nuisance flooding and
property impacts should be prioritized to provide tangible benefits to existing residents.

4. Drainage improvements should be coordinated with other planned capital projects (e.g., road
repaving, utility upgrades) to maximize cost-efficiency and minimize public disruption.

islengineering.com Bragg Creek Master Drainage Plan 48
September 2025 Rocky View County
FINAL REPORT



13.3

Regulatory Approval Pathways

The implementation of this MDP, particularly the construction of physical infrastructure, will require a
multi-jurisdictional approvals process. Early and frequent engagement with all regulatory bodies is
essential to ensure project success and avoid delays.

13.4

13.5

Municipal Approvals (Rocky View County)

Land Use Bylaw and Servicing Standards Amendments: To formally adopt the Development
Drainage Guidelines (Section 14.0) and the designation of the Balsam Avenue emergency
spillway.

Development Permits: All new developments will be reviewed for compliance with the updated
standards as part of the standard Development Permit process.

Capital Project Approvals: The phased major system improvements will require annual
approval through the County's capital budget process.

Provincial Approvals (Alberta Environment and Protected Areas — AEPA)

Provincial approvals are primarily governed by the Environmental Protection and Enhancement Act
(EPEA) and the Water Act.

13.6

SWMF and Lift Station (Developer Responsibility): The construction and operation of a
stormwater system that discharges directly into the Elbow River will require a formal EPEA
Approval. This is a comprehensive process that will require the proponent to submit a detailed
application demonstrating that the system will protect water quality and the aquatic environment.
Major System Ditch Improvements (County Responsibility): While much of the re-grading work
may occur within the existing municipal right-of-way, any activities that involve altering a water
body, working within the bed and banks of a tributary to the Elbow River, or creating a new
drainage outlet may require an approval under the Water Act. The County must consult with
AEPA prior to initiating detailed design to confirm the specific regulatory requirements for the
major system enhancement program.

Public Lands Act: Any work on the bed and banks of the Elbow River, such as the construction of
the SWMF outfall, occurs on Crown land and will require a disposition (e.g., a License of
Occupation) under the Public Lands Act.

Operation and Maintenance Considerations

A robust operation and maintenance (O&M) plan is critical, particularly for the lift station. Key O&M

activities will include:

e Centralized SWMF: The O&M for the SWMF and lift station will be the responsibility of the developer
or a subsequent homeowners/condominium association, secured through an agreement with the
County.

e Major System: The County will be responsible for the O&M of the public road and ditch network,
including routine inspections, sediment removal from ditches, and ensuring culverts remain clear.
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13.7 Monitoring and Adaptive Management

The ongoing groundwater monitoring program is critical. Data should be reviewed annually to confirm that
the assumptions in this MDP remain valid and to adapt the design of future phases of the major system
improvements as needed.

13.8 Land Rights and Easement Considerations

A foundational finding of this MDP is the formal identification of the natural overland spillway north of
Balsam Avenue. As this critical emergency path crosses private property, a long-term strategy to secure
public interest is recommended.

While the immediate priority is to protect the spillway's function through land use regulation and
development setbacks, the County should consider a more formal approach over time. It is recommended
that Rocky View County's administration evaluate the long-term feasibility and necessity of securing
overland drainage easements or a similar right-of-way along the defined spill alignment.

Such instruments would formalize the County's right to access the corridor for inspection and
maintenance activities, should they ever be required, and provide greater legal certainty for the County,
Hamlet, and affected landowners. This evaluation should be undertaken as part of the long-term capital
planning for the Hamlet.
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M 14.0 Development Drainage Guidelines

These guidelines are designed to address the specific and complex flood risks within the Hamlet of Bragg
Creek, which are dominated by the direct hydraulic connection between the Elbow River and the
underlying alluvial aquifer. A traditional piped stormwater system is not feasible; therefore, these
guidelines prioritize a major system-focused (overland) strategy to build community resilience.

The primary objectives are to ensure new development is protected from both local rainfall-runoff and
river-induced groundwater surcharge, to prevent adverse impacts on adjacent properties, and to protect
the water quality of the Elbow River. All new developments and significant redevelopment within the
Bragg Creek study area shall prepare a detailed Stormwater Management Plan demonstrating
compliance with the following guidelines.

14.1 Flood Protection and Building Resilience

1. Minimum Building Elevations (MGs): The underside of the floor system for the lowest habitable
space (e.g., main floor of a slab-on-grade or crawlspace building) shall be set a minimum of 0.5 m
above the higher of:

a. The 1:100-year design flood elevation from river inundation.

b. The 1:100-year groundwater surcharge elevation as defined in the official Hydrogeological
Study (WSP, 2025), included in Appendix C.

c. The 1:100-year major system (overland) flood elevation from local rainfall-runoff modeling.

The 1:100-year design flood elevation for Bragg Creek is established by the Bow and Elbow River Hazard
Study — Design Flood Hazard Mapping Report (WSP, 2025b), which is adopted by Rocky View County as
the official regulatory flood mapping.

2. Regulatory Groundwater Elevation Map: To provide a clear and enforceable basis for setting
building grades, all development applications must reference the official hydraulic gradient profile.

Figure 14.1: Hydraulic Gradient Profile — Hamlet of Bragg Creek (Source: WSP, 2025)
Note: Where the final figure from the WSP Hydrogeological Study is not yet available for public use, the
provision of a site-specific analysis to establish this minimum elevation, consistent with the methodology
of the broader study, becomes a prerequisite for a complete development application.

3. Foundations and Subsurface Structures in High-Risk Zones: The area within 100 meters of the
Elbow River Flood Barrier is identified as a zone of high risk for groundwater daylighting and
significant hydrostatic pressure.

a. The construction of basements or any habitable below-grade space is strongly
discouraged within this zone.

b. Any proposal for subsurface structures in this area will require a site-specific hydrogeological
and geotechnical assessment, prepared by a qualified professional, demonstrating that the
foundation is designed to withstand full hydrostatic pressures and prevent seepage without
reliance on permanent mechanical dewatering systems.

c. On-site septic systems are not permitted in this zone.

islengineering.com Bragg Creek Master Drainage Plan 51
September 2025 Rocky View County
FINAL REPORT



14.2 Site Drainage and the Major System

1. All properties must be graded to direct surface runoff from rainfall and potential groundwater
daylighting away from buildings and towards the public major drainage system (i.e., the road right-
of-way, ditches, or swales). A detailed Lot Grading Plan is required for all new development,
demonstrating that site grading will not cause adverse impacts on adjacent properties.

2. The Hamlet’s road network is formally recognized as a component of the major system, designed
to serve as a controlled shallow conveyance channel for emergent groundwater during high river
stages.

a. Site grading must preserve continuous, unobstructed flow paths along the road right-of-way.

b. The Hamlet's road network, including its adjacent ditches and swales, is formally recognized as
a critical component of the major drainage system. Roadways may serve as controlled shallow
conveyance for emergent groundwater where grading maintains continuous road-edge flow
paths; building finished grades shall exceed adjacent road elevations to maintain protection and
flow continuity. This system is designed to convey both local rainfall runoff and river-induced
groundwater surcharge, directing flows safely to designated outlets.

3. All new developments must manage rainfall runoff generated on-site. Post-development runoff
release rates for the 1:100-year storm event must be controlled to pre-development levels or to a
rate specified by the County for the receiving system, in accordance with the policies in this report.
The default stormwater release rate for the Hamlet is 6.0 L/s/ha, as established in the 2013
regional Master Drainage Plan. For new major developments, proponents may propose a higher,
site-specific release rate if supported by a detailed pre-development analysis. This recognizes that
the default rate may be overly conservative for near-river parcels with unique hydrogeological
conditions, and allows flexibility where justified by site-specific studies and subject to County
approval.

4. Design for Infiltration and Exfiltration: All stormwater facilities and Low Impact Development (LID)
practices in the Hamlet core must be designed to accommodate the two-way exchange of water
with the subsurface, recognizing that rising groundwater can reverse the hydraulic gradient.

a. Infiltration from facilities into the ground is encouraged during normal and low groundwater
conditions to reduce runoff volumes.

b. Exfiltration management is required. Designs must include provisions to safely manage
groundwater that may enter the facility from below when the external water table is high. This
shall be achieved through design elements such as:

i. Underdrains or relief drains to collect and convey emergent groundwater to a controlled
outlet.

ii. Impermeable liners or cut-off trenches where necessary to limit the rate of groundwater
intrusion into critical infrastructure.

iii. Simple, unlined infiltration systems (e.g., soakaway pits, infiltration trenches without
underdrains) that lack controls for exfiltration are not permitted. All facilities must
demonstrate a controlled conveyance pathway to the major system or a pumped outfall to
manage both surface runoff and potential groundwater intrusion.
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14.3 Requirements for Major and Core Area Development

1.

Centralized Stormwater Management Facility (SWMF) and Lift Station: New high-density
developments within the Hamlet's core do not have a reliable gravity outfall during flood conditions.
As a condition of development approval, these projects will be required to design and construct a
self-contained, centralized SWMF and lift station to provide positive drainage to the Elbow River.

. Operational Responsibility: The ongoing operation, maintenance, and long-term replacement of the

SWMF and lift station shall be the responsibility of the developer or a subsequent
homeowners/condominium association, secured through a legally binding agreement with the
County. An Emergency Operations Plan for the lift station must be developed and approved by the
County.

14.4 Protection of the Major System and Emergency Spillway

1.

Major Drainage System (Ditches and Swales): The Bragg Creek road and ditch network serves
as the formal major drainage system. No development shall obstruct, alter, or fill any public ditch,
swale, or overland flow path without the express approval of the County. Any development
directing overland drainage towards the major drainage system must ensure that the outlet has
downstream continuity to the final discharge location.

Balsam Avenue Emergency Overland Flow Path: Hydraulic analysis confirms that the natural
topography north of Balsam Avenue creates a critical overland flow path for extreme flood events.
This is not a well-defined channel but a broad flow regime that crosses multiple private properties,
as shown in Figure 14.0. As a formally delineated boundary is not feasible, the following
performance-based requirements shall apply to preserve this essential hydraulic function:

a) No Adverse Impact Requirement: All new development, redevelopment, or significant site
alteration (including the placement of fill, fences, or large accessory buildings) on
properties located generally north of Balsam Avenue must demonstrate through a
detailed engineering analysis that the proposed changes will not obstruct or negatively
impact the overland flow of floodwaters.

b) Hydraulic Analysis: The required engineering analysis must, at a minimum, show the pre-
development and post-development site grading and prove to the satisfaction of the
County that the development will not cause an increase in flood levels or a redirection of
flow that would adversely affect upstream, downstream, or adjacent properties. The
fundamental principle is to maintain the existing overland conveyance capacity
throughout the area.
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14.5 Infrastructure Design Standards

To ensure consistency, durability, and hydraulic function, all new and reconstructed public and private
infrastructure within the study area shall conform to the County's most current Servicing Standards. In the
absence of a specific County standard, the following shall be used as the design basis:

1. Roads and Ditches: Cross-sections for new or reconstructed roads and adjacent drainage ditches
shall be designed in accordance with the principles outlined in the Rocky View County Servicing
Standards for Country Residential (Figure 400.1) and Rural Low Volume (Figure 400.5).

2. Driveway Crossings: All new or replaced driveway crossings over public ditches or swales must
include a properly sized culvert and be constructed in accordance with the principles of the Rocky
View County Servicing Standards for Typical Rural Road Approach Design Criteria (Figure 400.14):
to ensure continuous and unobstructed conveyance in the major system.

14.6 Infrastructure Design Standards

Until such time as regional piped fire protection upgrades fully service a development area, all new
SWMFs shall be designed to provide dual use as an interim water source for fire suppression.

Until regional fire protection upgrades are complete, developments may use stormwater facilities as fire
ponds with dry hydrants designed to RVC standards, including winter/ice cover operational provisions and
access/offsets to satisfy Fire Code requirements at Development/Building Permit. This requirement is
consistent with Section 7010.2 of the Rocky View County Servicing Standards, and the final design must
be approved by the County Fire Service.
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M 15.0 Stormwater Management Report Submission Requirements

All development applications within the Bragg Creek study area must be accompanied by a
comprehensive Stormwater Management Report (SWMR). The report shall be prepared, sealed, and
signed by a qualified Professional Engineer registered in the Province of Alberta.

The purpose of the SWMR is to demonstrate that the proposed development complies with all policies
and technical requirements outlined in this Master Drainage Plan (MDP), particularly the Development
Drainage Guidelines, as well as the Rocky View County Servicing Standards and relevant provincial
guidelines. The report must provide sufficient detail for the County to conduct a thorough technical review
of the proposed stormwater management strategy.

To ensure completeness and consistency, all SWMR submissions shall follow the format and include all
items detailed in the checklist provided in Appendix D of this MDP. The checklist is based on the
comprehensive submission standards of the City of Calgary. A completed copy of the checklist must be
included with every SWMR submission.
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M 16.0 Conclusions and Recommendations

16.1 Summary of Findings

This Master Drainage Plan (MDP) provides a comprehensive framework for managing surface water and
mitigating flood risk within the Hamlet of Bragg Creek. The analyses and strategies herein are driven by
the Hamlet’s unique and challenging hydrogeological setting, which dictates a departure from
conventional stormwater management approaches. The following conclusions and recommendations are
intended to guide Rocky View County in implementing a resilient and sustainable drainage strategy that
supports planned future growth.
1. The foundational finding, supported by the Hydrogeological Study (WSP, 2025), is that the
Hamlet’s primary flood risk is not from local rainfall but from river-induced groundwater surcharge.
The direct hydraulic connection between the Elbow River and the underlying alluvial aquifer means
that during a 1:100-year river flood, groundwater will rise and emerge at the surface ("daylight")
within 50 to 100 meters of the flood berm, causing widespread inundation from below.

2. Due to the high water table and the overwhelming influence of the river, a traditional, Hamlet-wide
piped storm sewer system is technically and financially unfeasible. The community's flood
resilience must be built upon a major system-focused (overland) strategy that manages inevitable
surface water rather than attempting to prevent it.

3. The Hamlet’s network of roads and ditches is its de facto major drainage system. This network
must be formalized and enhanced to safely convey both local stormwater and emergent
groundwater to a stable outfall. The strategy requires that building finished grades be set above
adjacent road elevations to preserve longitudinal flow paths along the right-of-way and protect
private property.

4. A historical overland flood channel north of Balsam Avenue functions as the Hamlet's natural and
critical emergency spillway. The preservation of this corridor's hydraulic capacity is essential for
community safety during extreme flood events.

5. The Hamlet's core lacks a reliable gravity outlet during flood conditions due to high river levels.
New, dense development cannot be safely serviced by the existing informal system and requires a
self-contained, engineered solution, including a centralized Stormwater Management Facility
(SWMF) and a lift station to provide a positive outfall.

16.2 Recommended Actions

To address these findings and support the sustainable growth of Bragg Creek, it is recommended that
Rocky View County take the following strategic actions:

1. Adopt this MDP as the guiding framework for all future stormwater management, land use
planning, and capital works within the Bragg Creek study area.

2. Immediately prioritize the adoption of the Development Drainage Guidelines into the County’s Land
Use Bylaw and Servicing Standards. This is the most critical and cost-effective action to ensure all
new construction is resilient, protected from known flood risks, and contributes positively to the
overall drainage strategy.

3. Condition the approval of any major new development within the Hamlet’s core on the developer-
funded design, construction, and long-term operational agreement for a self-contained SWMF with
a lift station outfall, as outlined in this report.
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4.

Initiate a formal process to secure the long-term function of the Balsam Avenue emergency
spillway. Recognizing this pathway crosses private property, the County should evaluate and, if
warranted, secure overland drainage easements or similar legal instruments to formalize public
interest and ensure access for potential future maintenance.

Establish a multi-year capital improvement program for the phased implementation of Hamlet-wide
road and ditch enhancements. This program should prioritize works that establish a continuous and
functional conveyance path toward the Balsam Avenue emergency spillway, followed by areas with
a documented history of nuisance flooding.

Formally designate and protect the Balsam Avenue emergency spillway through amendments to
the Area Structure Plan and Land Use Bylaw, incorporating zoning regulations, development
setbacks, and land use restrictions to ensure its hydraulic capacity is preserved in perpetuity.

16.3 Next Steps for the County

To move this plan from strategy to implementation, the following immediate next steps are recommended
for the County:

1.

Initiate Bylaw and Standards Amendments: Begin the statutory process required to amend the
Land Use Bylaw and County Servicing Standards to formally incorporate the Development
Drainage Guidelines.

2. Develop a Prioritized Capital Plan: Task administration with developing a prioritized, multi-year
capital plan, complete with cost estimates, for the major system road and ditch improvements, to
be considered in the next municipal budget cycle.

3. Utilize the MDP for Current Reviews: Immediately begin using the policies, guidelines, and
technical requirements of this MDP to inform the review of all current and future development
applications within the Hamlet of Bragg Creek, ensuring no new risks are created while formal
amendments are underway.
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EXECUTIVE SUMMARY

The residents of the Bragg Creek community typically have a strong affinity with the natural
environment and they desire the values and character of the region to be protected. Rocky View County
in association with the local community, finalized the Greater Bragg Creek Area Structure Plan (ASP) in
2007, which sets the overall framework for future development in the region. A key focus of the ASP
involved the management of stormwater and it recommended this Master Drainage Plan (MDP) be
prepared to determine requirements to protect and enhance the sensitive wetlands and riparian areas

from future development impacts.

The Study Area covers approximately 4,900 ha and is mostly situated in the Elbow River sub-basin, but
also has small areas situated in the Bow River and Fish Creek sub-basins. Significant upstream
catchments drain through the Study Area in the Elbow River and Fish Creek sub-basins. Approximately
26% of the Study Area has been subdivided for low density residential development. As in most parts of
the County, much of the existing development has adopted rural stormwater management practices,

incorporating culverts, ditches, and natural conveyance systems.

Development, including low density residential areas and other land uses, results in environmental
impacts to the downstream wetlands and riparian areas. In addition, the Elbow River is an important
multi-use tributary river of the Bow River Basin supporting many uses, including raw water supply for
the City of Calgary through the Glenmore Reservaoir, irrigation for crops and golf courses, stock watering,
terrestrial wildlife, native flora and aquatic ecosystems, resource extraction, and numerous recreation
activities. Therefore setting objectives and policies to protect wetlands, riparian areas and the water

quality for the downstream users are some of the important considerations in developing the MDP.

This MDP provides policy and implementation strategies to ensure sustainable and orderly development
of future growth in the Bragg Creek region. It identifies opportunities, constraints, and design
parameters for managing existing and future drainage infrastructure and provides key strategies to
address environmental sensitivities of existing wetlands and riparian zones as well as protection of the
Elbow River Basin as a regional resource. In addition, it provides an overview of Low Impact

Development (LID) practices and their effectiveness within the Bragg Creek region.
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The key methods and analyses involved during the preparation of this MDP involved the following:

Assessment of the condition and capacity constraints for existing drainage infrastructure.
Preparation of an inventory and assessment of existing wetlands.
Setting stormwater management control targets for peak flow, volume and water quality.

Review of suitable Low Impact Development (LID) practices for the Bragg Creek region.

I I N e N

Hydrologic modelling to assess detention storage requirements and the effectiveness of LID

practices.

0 Stakeholder consultation to understand current drainage/stormwater problems within the
Study Area and receive feedback for future drainage policy strategies.

O Constraints and opportunities analysis and preparation of drainage policy implementation

strategies.

The key recommendations for this study are summarized as follows:

Stormwater Management Policies for Development Qutside of the Bragg Creek Hamlet

O All proposed development should prepare a Stormwater Management Plan which
addresses the following:

O LID practices and constructed wetlands with detention storage to be
adequately sized to restrict discharges to meet the maximum unit flow rate of 6
L/s/ha or lower where downstream constraints exist.

0 LID practices and constructed wetland surface areas should be adequately sized,
using evaporative losses only, to ensure that post development runoff volumes
are equal to pre-development runoff volumes.

0 Development should be positioned and arranged to not adversely impact the
hydraulic regime of existing wetlands and watercourses.

0 Development applications provide field verification of existing downstream
constraints and capacity restrictions.

0 However, small infill developments, where the above requirements may be impractical
or not desirable to fully implement, proposed development applications must

demonstrate that:
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0 Runoff volumes and peak flows are managed using adequately sized and
positioned LID practices that are suitable for the site.
0 Downstream impacts are negligible.
0O Required setbacks from riparian and flood risk zones are adopted.

O Existing wetlands and riparian areas are protected.

Stormwater Management Policies for Development in the Bragg Creek Hamlet

O All proposed significant developments should provide:

0 Appropriately sized wet ponds with detention storage to restrict discharges to
meet the maximum unit flow rate of 6 L/s/ha or lower where downstream
constraints exist.

0 Stormwater infrastructure sized to meet the water quality targets of AENV
stormwater guidelines and the ERBWMP.

0 Appropriate LID practices should be encouraged wherever possible.

0 Appropriate outfall measures to protect existing development from flooding.

O Minor development (i.e. up to two lots) or redevelopment should adopt LID practices to

manage stormwater on site to meet the objectives of the MDP.

General Development Recommendations

O Stormwater reuse should be encouraged for lawn irrigation to reduce potable water for
irrigation purposes.

Q Prior consultation with AENV is required for future subdivision development proposals if
any storm outfalls or constructed wetlands, stormwater management ponds, or
stormwater treatment system (e.g., oil/grit separator) are to be constructed.

O Any proposed stormwater infrastructure within the plan area must follow
environmental, municipal developmental, and site specific policy and design guidelines.

O Any future developments within the Study Area provide water quality
improvement/enhancement practices to meet AENV and ERBWMP guidance.

Low Impact Development Practices

LID practices have been evaluated to identify their suitability for the Bragg Creek Region. The
suitability of individual practices will depend on whether they are located on municipal or

private property and the type of development they are being proposed for. The key LID
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practices for the Bragg Creek region are provided in the following table together with a
suitability rating based on their hydraulic effectiveness, cost effectiveness and long term

reliability.

Suitability of LID Practices

Development Type

LID Practice

Large # of
lots

Maintenance

by Municipal
/Private

Better Planning
Practices
Maintain Natural
Areas
Absorbent
Landscape
Permeable
Pavement
Rain Garden

T

Vegetated Swales

Bio-swales
Rain Barrel/Tank
with Reuse
Constructed
Wetlands®
Wet Ponds®

Notation: L — Low, M — Medium, H —High, % - not suitable, M — Municipal, P - Private
a) end of pipe stormwater treatment measure

The most applicable LID practices for the Bragg Creek area have found to include:
O Better Planning Practices
O Maintain Natural Areas

O Absorbent Landscapes

The following LID practices have not been highly rated due to the high installation costs and the
medium to long term reliability and serviceability issues:
Q Permeable Paving

Q Rain Barrel and Reuse

Vi
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The County should develop policies and guidance related to the implementation and
management of Stormwater infrastructure, including:

O Vesting ownership and management of constructed wet ponds and wetlands with the
County.

O Develop policies and procedure to ensure LID practices required at the lot level are
implemented in conformance with the requirements of the planning approval (i.e. at the
building permit approval stage).

O Providing guidance on the design, installation and maintenance of key LID practices for

private lots.

Stormwater Management Recommendations for Existing Infrastructure

0 Develop strategies to manage/rectify existing drainage issues that have been identified
in the MDP.

O Investigate opportunities to rectify existing capacity constraints as a component of
future development proposals.

O Provide periodic review of existing infrastructure to assess the condition and structural

adequacy of major culvert and bridge structures under County roads.

Vii



Rocky View County Bragg Creek Master Drainage Plan - FINAL

TABLE OF CONTENTS
LETTER OF TRANSMITTAL
CORPORATE AUTHORIZATION
EXECUTIVE SUMMARY
1.0 INTRODUCTION ... 1
00 R = 7.Ya! (] o 10 TSRO PPRTRP 1
Y LU ) A - S PP UPR PP 1
1.3 SCOPE OF WORK ....tutteutuertreseeaseeaseesseesssesseasseassesssesseesseesseesseasseasesaseesseanseanseasseassessseseesseeseeaseeaseeaneenseanseensennsensenses 3
1.4 PREVIOUS STUDIES t.eutvtetveetttessseessseessseessseessseesssesasseessseeassaesssssassassssesssssssssesassessssesssssssssessssessssesssssssssesssesnnsesanes 3
2.0 EXISTING CONDITIONS .......outtituutttttttuuanesesenenenenesenessnesssssesssesesssssessssssssssssssssssssssssssssssssssssssssssssssssssssssnsnmnmm 5
2.1 EXISTING DRAINAGE CATCHMENTS ...uuuittttetiaeaaaauttteeteaeeaaaustbeeeeaeeaaaastbeeeeae e e s anbbbe e e e e e e s aanbbeeeeeeeesasbbbsneaaeesaansbnnneeaaesanne 5
2.1.1 Bragq Creek (BC) SUD-BASIN ............ccouiuueieeiee ettt et e e et e e et e e e et e e e e ettt e e e etaee e s eabeeeesntaeeeans 5
2.1.2 170N Creek (IC) SUD-BASIN ...........uuueiiiie e ettt e et e s e et e et e e e et e e e e st e e e anaa e e e atb e e e annteeeesnneaaesneeean 5
2.1.3 EIbow River NOrth (ERN) SUD-BASIN .............ccccuueeiiiee it e e eeee e e e st e st e saea e s taa e e e st e e e snnaaaeannaeeas 8
2.1.4 EIbow River SOULH (ERS) SUD-BASIN ............cccuueeiiiieeiiiiee e eiee e ette e stte e etaa e et a e e st e e e snsae e s snaeaeeanteneeans 8
2.1.5 Fish Creek Tributary (FCT) SUBD-BASIN...........cccc.ciiiueeiiiiee e iiee et etee e ste e sae e e e e e antae e e snsae e s snaeaeeantaeeeans 8
2.1.6 Bow River Tributary (BRT) SUBD-BASIN ..........cc...ccciuueeeeiiee e eeite et ete e e e tae e e et e e s e e e eaaeeeans 8
2.2 CHARACTERISTICS OF THE ELBOW RIVER WATERSHED.......ctiuttttiteaeeasaitteteeeeeaeaitbesteaeeesastbsseeaeaassnbbsseeeeeesannnnnnneaaeesannen 9
2.2.1 PRYSICAI ...ttt ettt e e et e ettt e e e e e e et e e e et e e e e e e e e e etbe e e e aabreeeaaaeaeaaareeas 9
2.2.2 Geomorphology ANd HYArolOgy ................oocuee it s e s e e e e e e s e e e antaeeeans 9
2.2.3 YY1V o Yo [V - SRS SPR 10
2.2.4 Flood Risk and HiStoricQl FIOOTING .............ccuuuiiiiiieiiiee e et et s e e e e et a e st e e e eaan e e s naeee s 10
2.3 EXISTING LAND USE ..cutiiiiieitiee ittt ettt ettt ettt ettt ekt et ekttt et ek e ek ekt eab e e s ke et e e e st e et e e e st e e nnb e e e nbeeanbee s 12
2.4 EXISTING DRAINAGE INFRASTRUCTURE ..eeutvtesureestreessseesseessseessssesssesssseesssssssssesssssssssesssesssssesssesssssesssessssesssessssssssnes 12
2.4.1 INFrASErUCTUIE CONGITION ..........ueeeiiiee ettt ettt e et e e et e e e et e e e et e e e e eabe e e e entaeeesareeas 12
2.4.2 Infrastructure Hydraulic CapacCity ASSESSIMENT...........c..c.ccciuueeeeiieeeeeee e eeee e e et e et etae e e aaea s 14
2.4.3  Adaptability of Existing Drainage Features to Meet Low Impact Development Practices................... 17
2.5  STREAMFLOW ANALYSIS AND PERTINENT RELEASE RATES IN THE REGION .....vviiiviieiiesiiieeniie sttt ettt 21
2.5.1 L 11 Lo 1o 1 =SSP 21
2.5.2 SErEAMFIOW ANGIYSIS ..ottt s e e e et e e e e e e st e e e e st e e e anaaeeeateeeeanneeeeennnes 23
3.0  REGULATORY FRAIMEWORK........cuuttttititititttuetasesesssesssesesasesesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssmmmmmmmm 28
3.1  GREATER BRAGG CREEK AREA STRUCTURE PLAN .....tiiiiiiiiiiiiittii i e e e ettt e ettt e e e e ettt e e e e e e e s mibbn e e e e e e s annnnreeeas 28
3.1.1 POLICY ATBS ...ttt et e e ettt e e ettt e e e et e e e ettt e e e e be e e e e etbe e e e eatee e e sabaeeesbbeeeeanteeeesnreeas 28
3.1.2 Policy Framework for Natural ENVIFONMENT................ccceeiiiueeeeiie et ettt e 28
3.1.3 Source Control and Water Quality ENRONCEMENT ..........ccccooiiuiiiiiiiiieie it 31
3.1.4 Future Residential DeVelopment POLICY ..............cccuueeiiiee i iiee st s et e et e e e e re e e e 31
3.2 ELBOW RIVER BASIN WATER MANAGEMENT PLAN .....tttuttietieesittestteesieeesteesstseesseeesbeeesseessbneesssesstseesaseesbeesnsseensneennneas 34
3.3 ALBERTA ENVIRONMENT ... ttetttetttestteesiteesteeastseesseesbseesbeeebeeestee e beeenbeeasbeeaabee e s ke e enbe e e s ke e ambeean bt e enbeeanbeeanbeeanbeennnee s 35
3.4 ALBERTA TRANSPORTATION. ..cuuvteutttesreestreessseessssasssssssssasesestssasessssssansessssssansessssssansessssssansessssssnsessssessnsessssessnsenss 36
TR T 1V U TR 36

viii



Rocky View County Bragg Creek Master Drainage Plan - FINAL

4.0 WETLANDS INVENTORY AND ASSESSIVIENT ......ccoiiiiiiiiiiiiiiiiiiii e e e et e e e e e e e st e e e e e e e e s bt e e eeeererrannnes 37
4.1  WETLAND CLASSIFICATION AND IVIAPPING. .. ..eeeeittiieeiuteeesiteeeeaatteeeaeseseesaseeeaassseesassaseesasseaeaasbeeseaassseesassesesaseeeeanns 37
4.2 \WETLAND TYPE DESCRIPTIONS ... uveeitteeisreessreesseessseessseesssesssseesssesssseesssseasseessssessssessssessseessssessesssssesssessssssensessssees 38
4.3 RELATIVE IMPORTANCE OF WETLAND TYPES ...eeeiittieeieuteeesisteeeeeesteeesessesessssesessessesesassassssssesssssssassssnsesssssssesssssessesns 50
4.4  POTENTIAL IMPACTS OF STORMWATER DRAINAGE ON WETLANDS ...vveeivveresiereeeeetteeesesseessssseesssssseessssesssssssessssssesessnns 51

5.0 OPPORTUNITIES, CONSTRAINTS, AND DESIGN ISSUES .........ccooiiiiitiiiiiitie e cteee e st eeertee e erree e s e eaae e s s enreeessnraeeean 52
5.1 BACKGROUND.....eieitteeeeitteeeeatteeeeetteeesetbeeeeeateeeeataeeesasbeeeaastsseeaabeeaeaasbeeeaasseeeesasesaesataeeeaassseeesnneeeesasbeeesasseseesnnenas 52
5.2 POTENTIAL RESIDENTIAL DEVELOPMENT PARCELS AND CONSTRAINTS ...uvveeevtereesureresssesesssssesessssesssssssssssssssssssssessesssenes 52
5.3  FUTURE DEVELOPMENT STORMWATER MANAGEMENT MEASURES AND ASSOCIATED DESIGN ISSUES.......uveeeiivieesirereesnenas 54

6.0 STORMWATER MANAGEMENT MEASURES FOR DEVELOPMENT ........oooviiiiiiiiiiiiiiie e eeeees 55
6.1  GROSS DEVELOPABLE AREA AND DEVELOPMENT SIZE ..vveeeiivviieierieeeiiseeeesitteeesesseeessesesssssssesesssesssssssessssssessssnsesesssnsees 55
6.2  HYDROLOGIC MODELLING FOR STORAGE REQUIREMENTS ... ueeeeiuttreesureeesisteeeessnseesnsssessssenessssssessnsnsessssessanseseesnnnees 55
6.3  BRAGG CREEK HAMLET STORMWATER IMANAGEMENT ....c.uvviieiiteeeeeseeeesisteeesssessesesssssssssesesssssssssssesesssessssssesesssneees 57

6.3.1  Development in the EXiSting HAMIET ................cccc.coiiueeiieiii ettt e e et 58
6.3.2  HAMIE EXPANSION LANGS .........oocueeeeiiiiei ettt ettt e e e e e et e e et e e e ettt e e e et e e e s tbe e e e eateeeeennes 58
6.4  UPGRADE REQUIREMENTS FOR EXISTING DRAINAGE INFRASTRUCTURE......ccvtieeeetreeeeiureeesitreeeesseeeessnseeessnseeesassseesannens 61
6.5  LOW IMPACT DEVELOPMENT CASE STUDY....ueeieitiieeiittieesitteeeeatteeeeeateeesstteeassseeeesassasasasteeesasseseesnsesesabeeeeanssseesansens 62
6.5.1  Infill Development With LID MOEIliNG .............ccueiiuieiiiiiii it et e s see e se e e sae e s nnaaa e s enereeeanes 63
6.5.2  Development LID and Wetland MOdEelliNg ...............cuueuiciiiiiiieee et sree e e e ve e e anare e 65
6.6 REVIEW OF LID PRACTICES ....eeeiuvteieiteeee s etteeeeestteeesstaeeeseateessastessesasasasssaeeeaasesesesasaseesabaesesaseseeesssenesssseesessensessnrenes 68
6.7 MAINTENANCE OF STORMWATER MANAGEMENT FACILITIES 1vveeiiuvvreeireeeesitteeeeeseeeeseseeeessssesesssesssssssessssssessssnsesesssseees 71
6.7.1  Communal Stormwater Management FACIlItIES .............ccc..coceveeiiiieeeeii et eee e 71
LA A O] (LY (=3 N [ D o e Tox 1 (ol =X TSR 71
6.8  SUITABILITY ASSESSMENT OF LID PRACTICES AND FACILITIES....ceiiviiieiteieesitteeesestsesssesasssstesessssessssssssessssenesssensessssns 72

7.0 IMPLEMENTATION STRATEGIES ..........ooiiiitiiieicttieeeetie e ettt e e sttt e e e ettee e s sabeeessbaeessabaeeesssbeeesasteeeessaeeesssreeesssseeeens 74
7.1 STORMWATER MANAGEMENT POLICIES AND PRINCIPLES FOR EXISTING AND FUTURE DEVELOPMENT ...vvvveeieveeeeeiveeeeans 74

8.0  REFERENCES ..........ciiutiieiitite e ettt e et e e ettt e et e e e ettt e e et e e e ebaeeeesabeeeeaasbeeeaaaeeeesaseeeessbeesesbeeeessnbanessasbeeeaanressesnrenas 81

MAPS

MAP 1 MAJOR CATCHMENTS

MAP 2 SUB-CATCHMENTS AND DRAINAGE INFRASTRUCTURE

MAP 3 REGIONAL WETLANDS

MAP 4 OPPORTUNITIES AND CONSTRAINTS

MAP 5 DRAINAGE POLICY MAP

APPENDIX A SUB-CATCHMENT CHARACTERISTICS
APPENDIX B CULVERT AND BRIDGE HYDRAULIC ASSESSMENT SUMMARY & PHOTOS
APPENDIX C BRAGG CREEK FLOODPLAIN MAPPING

APPENDIX D BRAGG CREEK HYDROLOGIC MODELLING ANALYSIS




Rocky View County Bragg Creek Master Drainage Plan - FINAL

1.0 INTRODUCTION

1.1 Background

The community members in the Bragg Creek region have developed a strong affinity for the existing
natural environment. As part of the ASP, a Master Drainage Plan (MDP) is needed to ensure stormwater

created by future development can and will be managed effectively.

Rocky View County (RVC) retained MPE Engineering Ltd. (MPE) to complete a MDP for the Greater Bragg

Creek region of the County as recommended by the Greater Bragg Creek Area Structure Plan (ASP).

This MDP is aimed to serve as a guiding tool to establish parameters for preservation of drainage
corridors and implementation strategies to ensure sustainable and orderly development of future

growth in the Bragg Creek region.

It identifies opportunities, constraints, and design parameters for existing and future drainage issues
and provides key strategies to address environmental sensitivities of wetlands and riparian zones as well
as protection of the Elbow River Basin as a regional resource. In addition, it provides an overview of Low

Impact Development (LID) practices and their effectiveness and suitability within the Bragg Creek region.

1.2 Study Area

The Study Area is located approximately 30 km southwest of the City of Calgary, with a total area of
+4,900 ha within the County lands (Figure 1). It is an enclave within the County: bounded on the west
by Kananaskis Improvement District, on the south by the Municipal District (MD) of Foothills No.
31/Highway 22, on the east by the Tsuu T’ina Reserve/Wintergreen Road, and on the north by a
significant block of provincially-owned lands that are leased to private individuals for grazing purposes.
It lies at the foot of the eastern slopes of the Rocky Mountains, within the upper reaches of the Elbow

River. Both the Hamlet of Bragg Creek and Bragg Creek Provincial Park lie within the Study Area.
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Scope of Work

The following points summarize the overall scope of work for this study:

Q

a

14

Review existing background information and previous reports.

Conduct field reconnaissance of wetlands and drainage conveyance infrastructure (culverts,
bridges, swales/ditches, flow control structures, etc.)

Delineate and characterize the sub-basins and sub-catchments within the Study Area.

Identify constraints on existing drainage courses/paths, road culvert sizes, existing
depressions/wetlands, and the environmental sensitivities of wetlands and riparian zone.
Review existing LID practices in the Bragg Creek region to determine their effectiveness and
align with the objectives of the Elbow River Basin Water Management Plan (ERBWMP).

Prepare a case study to evaluate potential LID and stormwater recycling Best Management
Practices (BMPs) that are adaptable to the Bragg Creek region and assess their effectiveness in
improving water quality and reducing runoff volumes.

Conduct event based and continuous hydrologic modelling simulations to derive release rates,
volumes, and effectiveness of source control practices.

Recommend stormwater unit release rates and runoff volume criteria for the Bragg Creek
region.

Evaluate drainage constraints and issues relating to new drainage routes and facilities,
particularly potential impacts on the alluvial aquifer and existing wetlands.

Prepare probable cost estimates for proposed storm drainage infrastructure.

Previous Studies

The following documents provide an overview of planning framework and physical, environmental, and

natural characteristics of the Bragg Creek region:

Q

Greater Bragg Creek Area Structure Plan (ASP), M.D. of Rocky View No. 44, Adopted February
27, 2007. This document being the key planning document, sets legislative framework,
describes natural characteristics of the plan area, and underlines plan philosophy and goals. It
provides policy framework for the natural environment, infrastructure, future physical forms,

community development, and implementation strategies.
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O Elbow River Basin Water Management Plan, Prepared by Elbow River Watershed Partnership,
Revised January 16, 2009 (M.D. of Rocky View No. 44 Council Endorsed January 13, 2009). This
is a guidance document and planning tool pertaining to water management plan objectives,
outcomes, physical characteristics of the Elbow River watershed, measurable impacts on water
quality, and recommendations for implementation.

O Greater Bragg Creek Sub-basin Study for the Greater Bragg Creek ASP, Prepared by David
Lagore, P.Eng., M. D. of Rocky View No. 44, November 2004. This document was prepared in
support of the Greater Bragg Creek ASP. It broadly covers drainage catchments, unit area
release rates, water quality risks associated with land use practices and some field observations,
ecological land use planning approach to emphasize LID practices; need of precipitation, water
quality, and streamflow monitoring stations; and recommendations for a MDP for the Bragg
Creek region to address drainage issues while maintaining water quality.

O Elbow River at Bragg Creek Hydraulic Study, Prepared by UMA Engineering Ltd. (UMA) for
Alberta Environment (AENV), March 1992. This document was prepared as per the guidelines of
the Canada-Alberta Flood Damage Reduction Program and has addressed the historic flooding
on the Elbow River and Bragg Creek. Flood Risk Maps covering the Hamlet of Bragg Creek were
developed for the 1:100 year and smaller return period events.

O Bragg Creek Floodplain Management Study, Prepared by JN Mackenzie Engineering Ltd. (JN
Mackenzie) and W-E-R Engineering Ltd. (WER) for AENV, March 1987. This document was
prepared to identify flood hazard areas within the Hamlet of Bragg Creek in response to
development pressures on the valley flat. The study documents the potential damages and risks
associated with flooding by the Elbow River through the Hamlet, and recommendations for
flood damage reduction alternatives.

O Bragg Creek Floodplain Study, Prepared by River Engineering Branch of Alberta Environment
(AENV), May 1984. This document was prepared to delineate floodplain boundaries through the
Hamlet of Bragg Creek in response to development pressures on the valley flat. It also provides

historical review of flooding in the Bragg Creek region.




Rocky View County Bragg Creek Master Drainage Plan - FINAL

2.0 EXISTING CONDITIONS

2.1 Existing Drainage Catchments

The Study Area consists of portions of the Elbow River, Bow River, Fish Creek, and Bragg Creek Sub-
basins. The Study Area has been divided into six sub-basins, namely Bragg Creek, Iron Creek, Elbow
River North, Elbow River South, Fish Creek Tributary, and the Bow River Tributary (see Map 1).
Immediate upstream sub-catchments that drain via the Study Area form the part of each sub-basin. The
Elbow River South Sub-basin is not completely shown in Map 1, which extends to the southwest of the

Study Area boundary of the upper Elbow River basin within the Kananaskis Country.

The following sub-section provides an overview of each major sub-basin. A summary of both on-site and
off-site area and average slope for each sub-catchment is presented in Table 1 in Appendix A and all the

sub-catchments are shown in Map 2.

2.1.1 Bragg Creek (BC) Sub-Basin

Bragg Creek (BC) Sub-basin is the second largest sub-basin having a total drainage area of approximately
6,000 ha with about 1,345 ha located in the Study Area. Land use in this sub-basin is characterized
mainly by forested zones, clear-cut areas, wetlands, some acreage developments, and small sub-
divisions. Township Road 232 traverses through this sub-basin from east to west and a large portion of

this sub-basin is located to the west of the Study Area.

2.1.2  Iron Creek (IC) Sub-Basin

The Iron Creek (IC) Sub-basin has a total drainage area of approximately 1,400 ha with about 970 ha
located within the Study Area before joining the Elbow River about 700 m west of the Hamlet of Bragg
Creek boundary. Land use in this sub-basin is mainly characterized by subdivisions and wetlands with

some forested areas, pasture lands, and acreage developments.
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2.1.3  Elbow River North (ERN) Sub-Basin

The Elbow River North (ERN) Sub-basin has a total drainage area of approximately 1,800 ha with about
1,300 ha located within the Study Area. The sub-basin discharges, via two main tributaries, to the Elbow
River to the east of Wintergreen Road. Land use in this sub-basin is characterized by forested areas,
pasture lands/clear-cut area, subdivisions, some acreage developments, Wintergreen Golf Course, and

wetland areas.

2.1.4 Elbow River South (ERS) Sub-Basin

The Elbow River South (ERS) Sub-basin is the largest sub-basin having an area in the order of
approximately 70,000 ha (700 km?) forming the upper reach of the Elbow River located mostly in
Kananaskis Country. An area of about 1,100 ha is located within the study boundary with the Elbow
River flowing in a northeasterly direction through the Hamlet of Bragg Creek. Land use in the Study Area
of this sub-basin is characterized by forested zones, valley lands, some acreage developments and the
Hamlet of Bragg Creek. This sub-basin is bounded by Highway 66/M.D. of Foothills No. 31 on the south

and Highway 22/Wintergreen Road on the east.

2.1.5 Fish Creek Tributary (FCT) Sub-Basin

The Fish Creek Tributary (FCT) Sub-basin has a total drainage area of approximately 1,600 ha, with about
180 ha located within the southwestern portion of the Study Area. This sub-basin is an unnamed
tributary of Fish Creek, crossing the southeast corner of the Study Area before crossing Highway 22.
Land use in this sub-basin is characterized by forested zones mostly south of Highway 66, pasture lands,

and some acreage developments.

2.1.6  Bow River Tributary (BRT) Sub-Basin

The Bow River Tributary (BRT) Sub-basin, with a drainage area of approximately 160 ha drains through

the far western portion of the Study Area and discharges northwards to an unnamed tributary of the
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Bow River. Land use in this sub-basin is characterized by some forest, pasture lands/clear-cut areas, and

wetlands.

2.2 Characteristics of the Elbow River Watershed

The Elbow River is an important multi-use tributary river in the Bow River basin supporting many uses,
including raw water supply for the City of Calgary through the Glenmore Reservoir, irrigation for crops
and golf courses, stock watering, resource extraction, and numerous recreation activities. The Elbow
River watershed, which consists of several tributaries and occupies an area of 1,235 km?, is currently
experiencing development pressures from rural and urban activities, particularly in the lower reaches

(ERBWMP, 2009).

2.2.1 Physical

The Elbow River watershed originates in Alberta’s eastern slopes of the Rocky Mountains at Elbow Lake
and flows approximately 120 km through mountainous terrain, foothills, and prairie grasslands before it
empties into the Bow River near the Calgary Zoo. As reported in the ERBWMP, the majority of the
watershed (780 km?, 63%) lies within Kananaskis Country, mostly zoned forest reserve and the
remainder (455 km?, 37%) lies in the Tsuu T’ina Nation and prairie lands. Approximately 264 km? (22%)
of the watershed is within RVC. The river drops about 1,000 m elevation from source to mouth with an

average slope of about 1% (ERBWMP, 2009; Valeo et al, 2007).

2.2.2 Geomorphology and Hydrology

The Elbow River is a naturally braided river, which includes a number of channels of relatively transitory
gravel bars or islands (Kellerhals et al, 1972). The Elbow River changes the river course on a regular
basis and changes in channel characteristics are often evident following periods of high flows. The
Elbow River bed is known to be unstable even during low flows with measurable bed movement

occurring at flows of 34 m3/s.
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The majority of total annual discharge in the Elbow River occurs in May, June, and July with a large
portion of flow during these three months being generated upstream of Bragg Creek. As confirmed in
the Bragg Creek Floodplain Management Study (JN Mackenzie and WER, 1987), floods in the Elbow River
are generally caused by snowmelt or snowmelt combined with rain. Flooding in the Elbow River
contributes to recharging the alluvial aquifer system, improving the riparian function through deposition
and flushing of sediments and plant materials, and enhances the fish habitat through deposition of

woody debris (ERBWMP, 2009).

2.2.3  Alluvial Aquifer

The Elbow River aquifer refers to the shallow, unconfined gravel and sand deposits formed by current
and historic river processes (Manwell, 2005). It was formed by alluvial (river) deposition and is very
permeable resulting in a high level of hydraulic connection with the Elbow River. Groundwater from the
alluvial aquifer flows into the river during periods of low flow and river water flows into the aquifer
during periods of high flows. Water withdrawal from groundwater in the alluvial aquifer is considered
to be surface water and is licensed as such by AENV under the Water Act. As shown on Figures 3 and 4
of the ERBWMP, the alluvial aquifer is mostly located downstream of Bragg Creek on both sides of the
Elbow River with varying widths and falls within the central reach. Approximately 58 km? or 5% of the

land area is occupied by this alluvial aquifer (ERBWMP, 2009).

2.2.4  Flood Risk and Historical Flooding

Portions of the Hamlet of Bragg Creek are subject to flooding from the Elbow River. Historically, the first
bridge across the Elbow River at Bragg Creek was washed out in 1915. Major floods in the region
include the following years: 1879, 1884, 1897, 1902, 1913, 1923, 1929, 1932, 1963, 1967 and 2005.
Since the major flood in 1967, urban expansion pressures on the valley flat or within the flood risk area
prompted a need to identify the potential flood hazard area map within the Hamlet. In 1984, AENV
carried out the Bragg Creek Floodplain Study to determine the 1:100 year flood event hazard map for a
reach of the river extending 3.2 km through the Hamlet. The 1987 study assessed the extent and

magnitude of potential flood damages and suggested various flood damage reduction alternatives.

10
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The June 2005 flood was the most recent significant event in the Bragg Creek region. It has been
reported that four large culverts across Bracken Road were washed out during the June 7-9, 2005 flood
event and were carried about one km downstream of the Elbow River Bridge from Balsam Avenue. The
flood of 1932 was the most significant of recorded flows, with an estimated peak flow of 774 m>/s in the

Elbow River at Bragg Creek.

A hydrology study of the Elbow River and Bragg Creek was conducted by the Hydrology Branch of AENV
in 1990. The study derived the flood frequency distribution for peak flows in both the Elbow River and

Bragg Creek. The results of the study are summarized in Table 1 below.

Table 1

Elbow River and Bragg Creek Flood Peak Flows for Various Return Periods

Flood Peak Flows at Bragg Creek (m?/s)
Return Period (Years)

Elbow River* Bragg Creek

52.2 2.4

185 10.0

318 17.8

466 26.6

516 29.5

676 38.9

842 48.9

1. The drainage area at the Elbow River at Bragg Creek Station 05BJ004 of Water Survey of Canada is
791 km®. These flood peak flow estimates have been adopted in the Elbow River at Bragg Creek Hydraulic
Study completed by UMA Engineering in 1992.

2. Drainage Area for Bragg Creek Sub-basin at the mouth of Bragg Creek is 60 km” based on areas of sub-
catchments draining to main stem Bragg Creek.

11
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23 Existing Land Use

The natural landscape of the Bragg Creek region offers opportunities for regional and provincial
recreational amenities. Bragg Creek Provincial Park and the Wintergreen Golf Course are located within
the Study Area. Kananaskis Country, a significant year-round provincial recreational area, lies

immediately west of the Study Area.

The Greater Bragg Creek ASP document identifies that approximately 26% of the Greater Bragg Creek
region outside the Hamlet has been subdivided into country residential acreages in a somewhat
incremental subdivision pattern that has, over time, responded to natural environmental constraints.
These developments are surrounded by privately-owned, open landscapes characterized by
undeveloped agricultural lands. These open landscapes are expected to shrink over time due to future

development.

24 Existing Drainage Infrastructure

The existing drainage infrastructure within the Study Area includes: natural drainage courses, road
ditches, constructed swales, culverts, bridges, constructed dams and ponds and natural wetlands and
riparian areas. The use of vegetated ditches/swales has been the preferred drainage conveyance
method rather than hard engineered storm sewer pipes in the neighborhood subdivision developments
and within the Hamlet of Bragg Creek. The majority of the Hamlet has no formal drainage but relies on
infiltration into the underlying aquifer and some minor drainage ditches to dissipate stormwater runoff.
Drainage conveyance through vegetated swales in Bragg Creek region has provided basic level of water

quality protection before discharging into adjacent streams or wetlands.

2.4.1 Infrastructure Condition

Site inspections were carried out to determine the size and condition of culverts crossing public roads
and the general condition and arrangement of drainage ditches and swales within the existing
developed areas of Bragg Creek. The culverts that were inspected mostly cross RVC roads, however

some cross Alberta Transportation Roads (AT) and some are located in privately-owned property like

12
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those along Saddle Ridge. The crossings are mainly CSP culverts but a number of older timber bridges
and concrete box culverts cross Bragg Creek and a concrete arch culvert is located on the main stream of
the Fish Creek sub-basin. The majority of the crossings are in good or reasonable condition; however, a

number of them are in poor condition and have been plugged or blocked by thick vegetation.

Plugged culverts have occurred on a number of AT highway crossings and local RVC roads. They mostly
occur due to erosion of the upstream catchment or through damage of the stream from livestock

access, resulting in damage to the existing banks and silting of the watercourse.

The locations of blocked or damaged culverts have been provided in a culvert summary presented in

Appendix B with culvert locations being shown on Map 2.

A number of potential flooding issues have been identified during the site inspection, meeting with RVC
operations staff and from the public through the Open House. The main areas where issues have been

identified on Map 2 include:

m} White Avenue Area (Location A)
0 Drainage relies on infiltration to the underlying alluvial aquifer.
0 Is not effective under heavy rainfall, high Elbow River levels or rain or snow on frozen
ground.
0 Stormwater tends to pond on or adjacent to the footpath and flow over the road.
o Winter Green Road Culvert # 24-1 (Location B)
0 Upgraded high level culvert crossing incomplete.
0 Downstream culvert outlet does not have erosion protection.
m} Burntall Drive (Location C)
0 Stormwater tends to overflow to Burntall Drive and behind the community centre.
m} Yoho Tinda Road (Location D)
0 Area has poor drainage due to local springs and service trenches causing local flooding

problems.

13
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m} Bracken Road (Location E)
0 Levee constructed to protect properties from flooding of the Elbow River does not have
adequate drainage to relieve the local catchment.
m} Township Road 234 (Location F)
0 Section of Golf Course near Winter Green Road is regularly inundated.
m} Wild Rose Close (Location G)
0 Overflow culvert taking flow from the upstream wetland has limited capacity.
0 The road has been overtopped on a number of occasions.
0 In the 2005 flood, significant overtopping occurred which nearly lead to the failure of
the embankment.
o East Park Place (Location H)
0 The low point in the road and adjacent land are located in a natural depression serving
an area of approximately 100 ha.
0 Adjacent landholders observe that water ponds on the low lying land during periods of
heavy and extended rainfall.
0 The ponded water dissipates over time, mainly through infiltration.
0 The natural depression area is a potential flood risk to adjacent properties, particularly if

the catchment is developed though expansion of the Hamlet.

2.4.2 Infrastructure Hydraulic Capacity Assessment

A preliminary hydraulic capacity assessment of culverts and bridges identified within the Study Area (see
Map 2) was carried out based on field reconnaissance. Culvert inverts, constructed slopes, lengths,
road/driveway centerline elevations, upstream, and downstream channel conditions were estimated
based on information gained during the site inspection and examination of the LIDAR contour data.
Hydraulic assessments for culverts were performed using the Culvert Master Software. Similarly, bridge
cross-sections, channel roughness, and channel geometry were determined from the site inspection and
LIDAR contours were used to estimate the hydraulic capacity using the Flow Master Software. A
summary of preliminary hydraulic assessment of the most significant culverts and bridges within the
Study Area is presented in Table 2 and Table 3 respectively. Please refer to Appendix B for preliminary

capacities of culverts and bridges at various locations. The approximate design standard of each culvert

14
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or bridge was estimated by comparing the unit area flow rate with the flow estimates for Bragg Creek in

Table 1 after converting to a unit area basis.

Based on the preliminary capacity assessment results, it has been found that some culverts have
reasonable and some have a fairly low capacity. For example, the 2 x 825 mm Corrugated Steel Pipe
(CSP) culvert at Boyce Ranch Road (Culvert ID # 1-1) is quite undersized and considered as a bottleneck
for drainage conveyance. Culverts that may require potential upgrades are discussed further in

Section 6.4.

In general, bridges on secondary and primary highways are designed to handle major flood flows,
typically the 1:50 and 1:00 year return period events respectively. Based on flood frequency analysis, it
has been reported that the 1:50 and 1:100 year return event flood peak flows at the mouth of Bragg
Creek can be approximately 39 and 49 m?/s respectively (UMA, 1992). It appears from the preliminary
capacity assessment results that Bragg Creek Bridge at Township Road 232 (Bridge ID # 11-1 see Map 2)
has a hydraulic capacity somewhere around the 1:50 year return period event. Anecdotal evidence of
the recent flood event of June 2005 has shown that the second bridge along the West Bragg Creek was

found to be quite vulnerable with flood stage reaching almost 90 to 95% of the bridge capacity.
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Culvert

Table 2

Summary of Hydraulic Assessment of Selected Culverts

Road Name

Diameter
(mm)

Estimated
Capacity(L/s)

Gross
Drainage
Area (ha)

Unit Area
Flow Rate

(L/s/ha)

Approx. Design
Standard
(1:Y years)

Range Road 54

2x600

1,330

150

9.1

100

Range Road 54

900

1,880

Range Road 54

600

890

300

9.2

100

Elk Valley Drive

2x600

1,170

390

3.0

Range Road 52

450

380

130

3.0

Wild Rose Close

1200

3,200

1,290

25

Wintergreen Rd

900

1,280

Wintergreen Rd

2x600

1,700

220

Wintergreen
Road

600

740

450

320

1350

3,000

Township Road
232

600

640

Boyce Ranch
Road

2x825

1,920

Highway 66

2400

12,130

Highway 66

2x1800

14,000
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Table 3

Summary of Hydraulic Assessment of Selected Bridges

Road Name

Approximate
Size

Estimated
Capacity
(L/s)

Gross
Drainage
Area (ha)

Unit Area
Flow Rate

(L/s/ha)

Approx. Design
Standard
(1:Y years)

Bragg Creek @
Range Rd 54

5m Bx1.8m
Risex10m Span

27,500

4,210

6.5

50

Bragg Creek @
Twp Rd 232

5m Bx1.9m
Risex12m Span

28,000

5,190

5.4

25

Bragg Creek @
Twp Rd 232

6m Bx2m
Risex12m Span

38,000

5,390

7.0

50

Saddle Road

1.3m Risex2.4m
Span

7,800

210

37

2.4.3 Adaptability of Existing Drainage Features to Meet Low Impact Development Practices

Low Impact Development (LID) involves incorporating a range of practices that tries to mimic the natural
hydraulic pathways of holding rainfall on site and slowly releasing any flows that do manage to exceed
that hydraulic capacity of these systems. The nature of existing development in the Greater Bragg Creek
region lends itself to the implementation of LID practices to manage stormwater runoff due to its low
development density. Actually, many of the past practices align with what LID practices propose to
achieve. In this study we have undertaken a qualitative review of past practices and discuss what types

of practices should be encouraged.

The key LID that is implemented across much of Bragg Creek involves maintaining a significant area of
undisturbed natural land. These undisturbed areas have a significant natural capacity to infiltrate and
absorb runoff from impervious areas, whereas disturbed and trafficked areas become quickly

compacted, reducing infiltration and generating runoff during more frequent rainfall events.

The other main LID practice involves the use of grass lined ditches or swales to convey stormwater
runoff from the development areas. These swales, normally located on each side of the road right-of-
way (ROW), collect runoff from the upland areas on the high side of the road and the road itself. A
number of different swale forms and maintenance regimes have been identified and are described

below.
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Photo #2-1 shows a well grassed swale on a steep slope which provides good erosion protection and
resistance to slow down flows and encourage infiltration and settling out suspended solids. Photo #2-2
is an example where a stone weir is used to slow the flow in a steeply graded swale to reduce soil

erosion.

Photo #2-3 gives an example of an infiltration zone along a swale. This ditch feature probably resulted
from improper grading of the downstream pipe or from a buildup of silt at the culvert. Wetland type
plants have been established which provide an opportunity for further stormwater treatment. It is
appropriate that these areas are not mowed to improve the water quality treatment effectiveness of the

swale.

Photo #2-1 Well grassed swale
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Photo #2-2 Stone drop/weir

Photo #2-3 Sedge swale with infiltration capacity

Photo #2-4 shows a well maintained swale which looks good for the adjacent residences, however this
form of swale provides less water quality treatment through reduced resistance to flow than the swale

in Photo #2-1.
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Photo #2-4 Mowed grass swale

Photo #2-5 shows a swale with a concrete lined base. This construction detail provides the least
desirable form to satisfy LID type systems as it does not promote the settling out of silt and reduces the
opportunity for infiltration into the underlying subsurface. It appears that runoff in this swale contains
high levels of nutrients due to the formation of algae in the stagnant water, probably from the overuse

of fertilizers within the development.
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Photo #2-5 Swale with concrete lined base

2.5 Streamflow Analysis and Pertinent Release Rates in the Region

2.5.1 Rationale

The Bragg Creek region consists typically of steeper natural wooded up slopes and flatter wide
floodplains with significant flood storage. Typical stormwater models such as SWMHYMO for event
based simulation and QHM for continuous simulation typically are used for urban catchments and are
not easily adapted to large pervious catchments for a number of reasons. Firstly, SWMHYMO uses
idealized rainfall and temporal patterns and suitable abstractions are needed to mimic antecedent
moisture conditions in order to achieve realistic results. QHM avoids needing to estimate antecedent
moisture conditions but still needs to estimate properties related to soil abstractions over time. Both

models are poor at modelling the physical processes such as water movement down the upslope and
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accounting for the floodplain storage within the wetlands without discretely modelling such storage.
These factors result in an overestimation of peak flows using these types of models without detailed

model development and calibration to simulate the physical process as best as possible.

Alternative approaches such as a single station stream flow analysis can perfectly represent the physical
characteristics of a gauged catchment, however long continuous records of stream flow are required to
estimate a peak flow for a 100 year event with confidence. The main limitation of a single station
analysis is that the actual points of interest are likely to not have gauged data. Regional analysis can be
used by combining the analysis of a number of catchments that have similar hydrologic characteristics.
This can provide increased confidence in the flood estimate using these methods. This type of analysis
typically provides estimates on the lower side of the expected range of flow, which is preferred when

establishing predevelopment flow rates.

Considering the basin characteristics information and enormous level of effort required to calibrate the
hydrologic models for the offsite catchments and the Study Area, regional historic peak runoff rates
were determined using the alternate method known as the Regional Flood Frequency Analysis, to
estimate the Unit Area Flow Rate (UAFR) in L/s/ha for the predevelopment condition. This alternate
method has been typically used in establishing predevelopment peak runoff rates in the region to the
west of Calgary (McElhanney, 2008; Golder, 2006; Westhoff, 2004; MPE, 2009). In this method,
estimation of the predevelopment peak runoff rate for the Study Area is based on interpretation of
regional streamflow analysis results and the catchment characteristics of the Water Survey of Canada
(WSC) gauging stations. For these studies, UAFRs have been recommended for numerous new

developments and existing developed areas in the region as summarized in Table 4.
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Table 4

Unit Area Flow Rate Recommendations in the Region

Other Similar Studies in the Region

Approximate Distance

from Study Area (km)

1:100 Y UAFR
(L/s/ha)

Greater Bragg Creek ASP Sub-basin Study, MDRYV, 2004

0

8.5

Pirmez Creek Development, Golder, 2007

15

5.2

Springbank Airport SMP, McElhanney, 2008

25

4.8

Highway 2A ASP, MPE, 2009

2.5.2 Streamflow Analysis

75

5.0

Streamflow analysis was conducted using the historic instantaneous peak flow data at eight WSC

Hydrometric Stations near the Study Area. The location of WSC Hydrometric Stations selected for this

analysis is presented in Figure 2 and other pertinent station details are presented in Table 5.
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Station No.

Table 5

Hydrometric Stations used for Regional Frequency Analysis

Station Name

Location

Drainage

Latitude

Longitude

Area (km?)

Period of

Record

(1) 05BJO09

Little Elbow River

above Nihahi Creek

50.795° N

114.916° W

129

1978-1995

05BJO06

Elbow River above

Elbow Falls

50.855° N

114.794°

1967-1995

05BHO13

Jumpingpound Creek

near Cox Hill

51.002° N

114.938°

1977-2009

05BJ004

Elbow River at Bragg
Creek

50.948° N

114.571°

1935-2009

05BK001

Fish Creek near

Priddis

50.885° N

114.326°

1911-2009

05BF016

Marmot Creek Main

Stem near Seebe

50.950° N

115.153°

1962-2009

05BF020

Middle Fork Creek in

Cirque near Seebe

50.958° N

115.198°

1966-1986
(1978,79 & 82

missing)

05BF017

Middle Fork Creek

near Seebe

50.959° N

Note: (1) refers to station numbers show in Figure 2.

115.171°

1963-1986
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For each of these stations, a frequency analysis was performed on maximum annual instantaneous flows
using the industry standard software, Hydrofreql developed in Alberta (Hydro Tools Software, 2000).
Since the streamflow data did not have annual instantaneous flows for all the years in record, a
regression analysis was used to derive instantaneous flows from the annual maximum daily flows for the
missing years. The peak flow results associated with the return period events were then converted into
the UAFR values by dividing the peak flow by the gross drainage area of each gauging station to allow
easier comparison and use in the analysis. The 1:2, 1:5, and 1:100 year return period UAFRs typically
used for minor and major drainage system design are presented in Table 6. The peak flows for typical
return period events and gross drainage areas of the hydrometric stations were used to perform

regression analysis between drainage area and peak flows.

Table 6

Regional Streamflow Analysis Results

Unit Area Flow Rates (UAFR) for Various

No. of
Drainage Return Period Events
WSC Gauge Years of

Area (ha) o 1:100 Y 1:5Y 1:2Y
t
o (L/s/ha) (L/s/ha) (L/s/ha)

Little Elbow River above Nihahi Creek 18 6.7 2.4 1.3

Elbow River above Elbow Falls 29 5.2 1.6 0.9

Jumpingpound Creek near Cox Hill 33 12.0 2.9 1.3

Elbow River at Bragg Creek 75 5.9 1.6 0.8

Fish Creek near Priddis 60 2.4 0.6

Marmot Creek Main Stem near Seebe 48 . 1.7 1.1

Middle Fork Creek in Cirque near Seebe 18 . 2.3 1.7

Middle Fork Creek near Seebe 24 . 2.0 1.5

A review of the Regional Streamflow Analysis results (Table 6) obtained for the Study Area was
conducted and a 1:100 year UAFR of 6 L/s/ha provides a reasonable allowable release rate. The 6 L/s/ha

rate is the average UAFRs of the three WSC Hydrometric stations that are along the Elbow River from its
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headwaters towards downstream at Bragg Creek and is consistent with other adopted UAFR in the

region as shown in Table 4.

Therefore, 6 L/s/ha is recommended as the maximum release rate for the Study Area.
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3.0 REGULATORY FRAMEWORK
3.1 Greater Bragg Creek Area Structure Plan

The Area Structure Plan (ASP) sets legislative framework, describes natural characteristics of the Plan
Area, and underlines plan philosophy and goals. It provides policy framework for the natural
environment, infrastructure, future physical forms, community development, and implementation

strategies.
3.1.1 Policy Areas

The ASP proposed four distinct policy areas considering common relationships with existing
transportation routes, current local land use, subdivision potential and the land’s natural capacity to
support further development. The four policy areas as shown on Figure 3 (Section 4.4 in the ASP
document) are identified as follows:

O Hamlet of Bragg Creek Policy Area

O West Bragg Creek Policy Area
O North Bragg Creek Policy Area
a

South Bragg Creek Policy Area
3.1.2  Policy Framework for Natural Environment

The policy framework in the document outlines numerous preservation and protection measures for the
natural environment. Some of the key excerpts (Sections 5.1.3, 5.1.4, 5.1.5, and 5.1.6 in the ASP

document) relevant to this MDP are listed below.

O A riparian Buffer Policy shall be implemented within the ASP area in order to restrict and/or
regulate development within the riparian buffer of all surface drainage features including

wetlands.
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O For lands outside of the Hamlet, the riparian buffer for the Elbow River is a 50 meter strip that
extends outside of the active flood plain. For all other streams, tributaries and wetlands, the
riparian buffer is defined as a 30 meter strip on both sides of the stream or edge of the wetland,
measured from the high water mark.

O Within the Hamlet of Bragg Creek, the riparian buffer for the Elbow River is a 50 meter strip that
extends beyond the floodway, as shown on the Bragg Creek Flood Risk Map, and the riparian
buffer for Bragg Creek is a 30 meter strip that extends beyond the floodway, as shown on the
Bragg Creek Flood Risk Map (Refer Appendix C).

O Subdivision development shall be prohibited within the floodway and restricted within the
flood-fringe of the Elbow River and its tributaries. Development within the flood fringe should
only be permitted when minimal negative impact to the Elbow River’s drainage system can be
demonstrated.

O If developments are considered within flood-fringe areas, appropriate flood proofing measures
should be provided for all buildings, in conformity with the Land Use Bylaw.

0 Developments on slopes steeper than 15% shall be discouraged.

O Areas of unstable slopes should be dedicated as Environmental Reserve (or Environmental
Reserve Easement).

O To preserve the land’s natural ability to provide for groundwater recharge, stormwater
management and to reduce negative impacts of erosion and siltation within downstream areas,
retaining at least 65% of natural vegetation within developed areas should be encouraged.

O Ongoing opportunities for public education programs designed to promote an understanding
and awareness of local watershed and surface drainage issues should be encouraged.

O Responsible agricultural management practices that preserve the integrity of riparian areas

should be encouraged.
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3.1.3  Source Control and Water Quality Enhancement

In the ASP document, a brief discussion about the stormwater management strategies including MDP
and site implementation plan requirements has been presented. Some of the key excerpts (Section

6.1.4 in the ASP document) pertinent to future development philosophy are listed below.

0O Low Impact Development (LID) practices should be considered within all future subdivision
and/or developments to encourage the retention of 65% native vegetation, 10% maximum
impervious surfaces and 0% effective impervious surfaces (impervious surfaces flow over
pervious areas such as LID practices).

O Wherever possible, natural surface drainage systems should be incorporated within all
developments located in the Hamlet service area as opposed to “hard-engineered” stormwater
control solutions, such as underground drainage systems.

0 Implementation of absorbent landscaping and xeriscaping techniques and best management
practices for stormwater control should be encouraged to reduce the use of potable water for
irrigation purposes.

O The use of fertilizers, pesticides and herbicides (other than to control noxious weeds) shall be
discouraged within the ASP area to improve water quality in the receiving water bodies (the

Elbow River, Bragg Creek).

3.1.4 Future Residential Development Policy

The evolution of local subdivision and its resulting settlement pattern within the ASP area outside of the
Hamlet can be characterized by one of three categories: Built Out Residential Areas, Infill Residential
Areas, and New Residential Areas as illustrated on Figure 4. Some of the key excerpts (Section 7.4 in the

ASP document) pertinent to future residential development are listed below.

QO Built Out Residential Areas consist of existing planned subdivisions, with parcels that are two
acres in size (on average), that were comprehensively developed and are considered “end

subdivisions”, without potential for further subdivision. Further subdivision can occur where
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parcels currently have a land use designation that allows subdivision; otherwise no further
subdivision is likely.

Q Infill Residential Areas refer to parcels that have already experienced subdivision greater than
eight lots per quarter. These areas typically contain a subdivision pattern that appears
somewhat incrementally planned with parcels typically ranging in size between four to 20 acres.
Future subdivision densities in Infill Residential Areas should be calculated on the basis of a ratio
of lots per acre of Gross Developable Area (GDA). GDA is the remainder of the land once areas
that represent constraints to development have been subtracted from the titled gross area.

Q New Residential Areas contain larger tracts of land that are generally being used for a mix of
agricultural uses and natural areas. Future development in these areas should follow policies
established in this Plan to create and protect areas of Open Space.

Q The General Residential Policies pertaining to future development within either Infill or New
Development Areas as it relates to stormwater impacts are as follows:

0 Future subdivision should be evaluated based on the land’s ability to accommodate
additional development and not negatively impact the natural environment.

0 Areas that represent constraints to development, either being unstable or due to
environmental sensitiveness, should be protected from development. These areas
include: slopes in excess of 15%, water bodies and wetlands, and riparian buffer.

O Lands between the southern Hamlet boundary and the Hamlet Expansion Lands (see Figure 3)
should accommodate future expansion of the Hamlet for residential development and
appropriate commercial uses.

Q Parcel sizes within New Residential Areas in West and North Bragg Creek should not be less than
0.25 acres (11,000 ft?), and not greater than two acres, with an overall density of not greater
than one lot per four acres of GDA.

Q Parcel sizes within New Residential Areas in South Bragg Creek should not be less than 0.25
acres (11,000 ft?), and not greater than two acres, with an overall density of not greater than

one lot per three acres of GDA.
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3.2 Elbow River Basin Water Management Plan

This is a guidance document and planning tool pertaining to water management plan objectives,
outcomes, physical characteristics of the Elbow River watershed, measurable impacts on water quality,

and recommendations for implementation.

For water management planning, the Elbow River Watershed is divided into three distinct river reaches:
Q The upper reach within the Kananaskis Improvement District,
Q The central rural reach within Rocky View County and Tsuu T’ina Lands, and

Q The lower urban reach within the City of Calgary boundary upstream of Glenmore Dam.

The Study Area falls within the central rural reach, where the land uses are primarily agriculture,

recreation and rural residential, including the Hamlet of Bragg Creek.

The four desired outcomes to be achieved with the implementation of the ERBWMP are as follows:
O Safe, secure drinking water supply,
0 Healthy aquatic ecosystems,
O Reliable, quality water supplies for a sustainable economy, and

Q Inclusive, integrated and committed stewardship of the river and watershed.

Based on the above desired outcomes, the following two objectives were established.
Objective #1: Recommend water quality objectives.
Objective #2: Provide decision making advice within the Elbow River watershed for federal, provincial

and municipal authorities.

To achieve Objective #1, all jurisdictions and stakeholders adopt the water quality objectives and
associated indicators for the Elbow River and its tributaries. The water quality objectives, warning levels
and targets for biological (i.e. Attached Algae, Dissolved Oxygen, E. Coli, Fecal Coliforms, Total Coliforms,
Giardia Pathogen), chemical (i.e. Nitrate plus Nitrite as N, Total Ammonia, Total Dissolved Phosphorous,

Total Phosphorous, Total Organic Carbon, Pesticides and Degradation Products), and physical (e.g. Total
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Suspended Solids) properties of the river water and environmental condition of the river system (i.e.

Water Temperature, Riparian Condition, Soil Erosion) are outlined in Appendix B of the ERBWMP.

To achieve Objective #2, the following land use stewardship strategies are recommended:

O Manage water source areas to maintain or improve water quality in the Elbow River and its
tributaries.

O Manage riparian areas and wetlands to maintain or improve water quality.

O Limit new development on the alluvial aquifer to those that improve water quality in the central
urban and central rural reaches and those that maintain or improve water quality in the upper
reach.

O Modify existing developments on or within the alluvial aquifer to ensure water quality
objectives are met (e.g. improvements to wastewater and stormwater systems).

0 No new direct stormwater discharge to the river.

0O Reduce the risk of spills and potential contamination in the design, construction, operation and
maintenance of stream/river crossings so that water quality is not adversely affected.

0 Implement Best Management Practices (e.g. Low Impact Development Practices, Environmental

Farm Plans).

33 Alberta Environment

Stormwater from the Study Area currently flows to Bragg Creek, Elbow River or their tributaries via
natural streams or constructed swales. There are no formal constructed stormwater ponds for water
quality treatment and water quantity control. Any future stormwater management facilities such as
stormwater ponds and constructed wetlands and underground culvert outfalls within the Study Area
would need to be authorized and regulated by Alberta Environment under the Water Act (WA) and
Environmental Protection and Enhancement Act (EPEA). Prior consultation with AENV is required for
future subdivision development proposals within the Study Area if any storm outfalls or stormwater

management ponds or stormwater treatment system (e.g. oil/grit separator) are to be constructed.

In addition, Alberta’s Water Act requires that an approval be obtained before undertaking a

construction activity in a wetland. Currently, Alberta’s priority is to reduce loss of wetlands by:
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0O Avoiding impacts to the wetland;
O Minimizing impacts and requiring applicable compensation; and

0 Compensating for impacts that cannot be avoided or minimized.

The approval process and the use of wetland compensation are summarized as follows:
O Applicants should discuss their proposal, including options to avoid or minimize the impact on
the wetland, with a wetlands specialist or restoration agency and the local municipality (i.e.
Rocky View County) before applying for Water Act approval.
O Applicants should also consult with Alberta Sustainable Resource Development’s Public Lands
and Forest Division.
O An assessment and classification of the affected wetland must be completed if the wetland is to

be destroyed or altered.

3.4 Alberta Transportation

Alberta Transportation (AT) is responsible for primary and secondary highways, and associated bridge
infrastructures in the Study Area. The care of water with respect to road and bridge infrastructure
includes stormwater, irrigation water, and natural stream/river flows. Prior consultation with AT is
required for future subdivision development proposals within the Study Area if any drainage
infrastructure (e.g. bridge, culverts) across primary and secondary highways is impacted, needs replacing

or upgrading.

3.5 Tsuu T’ina

Tsuu T’ina land is located on the eastern side of the Study Area and it accepts flow directly from a
number of the Greater Bragg Creek sub-basins and the Elbow River. Tsuu T’ina Nation should be
consulted whenever development or stormwater infrastructure upgrades have an impact or potential

impact on their lands.
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4.0 WETLANDS INVENTORY AND ASSESSMENT

4.1 Wetland Classification and Mapping

Wetlands in the Greater Bragg Creek region were classified and mapped based on elements of the
Canadian Wetland Classification System (1997) and Alberta Wetland Inventory (Halsey et al. 2003). Site
visits were conducted on the 15th and 22nd of October, 2010. A total of 52 wetland sampling sites were
visited. Photographs were taken at each sampling site in addition to botanical information sufficient to
identify wetland class (e.g. bog versus fen) and dominant vegetation association(s) and physiognomy.
Wetland boundaries at another 26 reconnaissance sites (in accessible areas) were delineated/classified
in the field on a 1:20,000 scale orthophoto (spring 2010). Ground truth information from sampling and
reconnaissance sites was used in combination with visual signatures from 1:5,000 scale orthophotos and
wet areas mapping from the Greater Bragg Creek ASP to delineate wetland polygons according to seven

wetland types.

Seven different wetland types were classified and mapped as follows:

o Treed fen 97.6 ha (50 map polygons)
o Shrubby fen 254.1 ha (73 map polygons)
o Graminoid fen 87.8 ha (50 map polygons)
o Graminoid wetland 0.4 ha (11 map polygons)

o Shallow open water wetland 12.0 ha (29 map polygons)
. Constructed wetland 20.5 ha (35 map polygons)
o Dammed wetland 29.0 ha (10 map polygons)

The classified wetlands occupy approximately 502 ha (10%) of the Greater Bragg Creek area (Map 3).
The Elbow River and its active floodplain cover another 48.5 ha. Naturally occurring fens are the most
common wetland class, comprising 439.6 ha (88%) of total wetland landscapes in the Study Area. Fens
dominated by shrubs (willow, bog birch, white spruce, black spruce) are most common (254.1 ha). Fens
dominated by trees (mainly white spruce) and graminoid (sedges, marsh reed grass, red canary grass)
fens occupy 97.6 ha and 87.8 ha respectively. Human-created wetlands developed either by impeding

water flow (“dammed wetland”) or by excavation and contouring (“constructed wetlands”) comprise 29
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ha and 20.5 ha of the Study Area respectively. The majority of wetlands in the Greater Bragg Creek area
occur in association with stream channels such as Bragg Creek, Iron Creek and their tributaries. Field
visits noted very few sites with significant cover of black spruce trees, sphagnum moss or ericaceous
shrubs. This, combined with the abundant cover of sedges, willows, dwarf birch and brown, golden and

tufted mosses indicates that fens are much more abundant than bogs in this region.

4.2 Wetland Type Descriptions

Fens
Fens are wetlands characterized by fluctuating water table, flowing water and alkaline, mineral/nutrient
rich site conditions (CWCS, 1997). Fens occupy level and depressional areas where moving water is at or
near the soil surface for varying portions of the growing season (Beckingham et al. 1996). Water input
into fens comes from precipitation falling directly onto the fen, surface runoff from surrounding slopes,
and groundwater. Soils are dominated by decomposing sedges, golden, tufted and brown mosses.

Vegetation in fens is influenced primarily by water table depth and water chemistry.

Graminoid Fens in the Greater Bragg Creek area comprise 87.8 ha and were mapped in 50 different
locations (Map 3). Sedges and mosses dominate vegetation in graminoid fens. These fens occur where
the water table is at or above the ground surface. The wettest fens in the Study Area are sedge rich fens
(Lawrence et al. 2005) characterized by coarse sedges (Carex aqualitis, C. rostrata), marsh reedgrass
(Calamagrostis canandensis) sausage moss (Scorpidium spp.), brown moss (Drepanocladus spp.) and
marsh cinquefoil (Potentilla palsutris). Sedge rich fens are flooded for most of the growing season and
occur in the lower, inner portions of larger fen complexes (Photo #4-1). Slightly drier portions of
graminoid fens are dominated by a marsh reedgrass slough community (Lawrence et al. 2005). This
plant community occurs on the fringes of marshes and sedge meadows (Photo #4-2). This wetland type
is flooded only in the spring and early summer. Characteristic plants include marsh reedgrass, horsetail
(Equisetum arvense), tufted hairgrass (Deschampsia caespitosa), fowl bluegrass (Poa palustris), slough

grass (Beckmannia syzigachne) and reed canary grass (Phalaris arundinacea).
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Shrubby Fens in the Greater Bragg Creek area occupy 254 ha distributed among 73 distinct map
polygons. This is the most common wetland type in the Study Area. Significant shrub cover occurs in
drier fens where the water table is lower and moving water is at or near the surface for only a portion of
the growing season. In large fen complexes, shrubby fens are transitional between wetter graminoid
fens and drier treed fens, which they often lie in between. A willow-bog birch/water sedge plant
association (Lawrence et al. 2005) occurs in the wettest portions of shrubby fens in the Bragg Creek area
(Photo #4-3). This wetland plant community occurs along the edges of sedge meadows and in moist
depressions. Characteristic plants include willow, bog birch, coarse sedge (Carex aquatilis, C. rostrata),
slough grass, wire rush (Juncus balticus), marsh reedgrass, field horsetail, purple avens (Geum rivale),
and wild strawberry (Fragaria virginiana). Drier portions of shrubby fens support more bog birch and
less willow, limited coarse sedge and greater representation of fine sedges (e.g. Carex atherodes, C.
praegracilis), and more marsh reedgrass, tufted hairgrass, wheatgrass (Agropyron spp.), and fowl

bluegrass. Photo #4-4 provides an example of a drier shrubby fen.

Photo #4-1 Sedge rich graminoid fen in lower middle portion of photo
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Photo #4-2 Tufted hairgrass-marsh reedgrass-fine sedge graminoid fen

Photo #4-3  Willow-coarse sedge shrubby fen
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Photo #4-4 Extensive bog birch/fine sedge-tufted hairgrass shrubby fen

Treed Fens in the Greater Bragg Creek area occupy 97.6 ha distributed among 50 distinct map polygons.
In large fen complexes, trees occur on the driest sites where microtopographic features such as moss
hummocks provide habitats as much as 20 cm above the water table (CWCS 1997). These sites most
often occur on the outer edges of larger channel fens. White spruce trees are most prevalent in treed
fens in the Greater Bragg Creek Study Area. Black spruce and tamarack trees, typical of poor and rich
tree fens in northern and central Alberta, are very rare in southern Alberta’s east slopes. Treed fens in
the Study Area occur mainly as open or semi-open white spruce/bog birch-willow/sedge meadows on
the outer fringes of large channel fen complexes (Photo #4-5). They also occur as closed canopy white

spruce/willow-sedge associations in ribbons along the bottoms of narrow stream channels (Photo #4-6).

Natural Open Water Wetlands/Marshes

Naturally occurring open water wetlands and marshes are uncommon in the Greater Bragg Creek area.
Our preliminary mapping delineated just 12.4 ha (0.3% of Study Area) of these wetlands among 40 map
polygons. These are wetlands that support shallow water for much of the year. Water levels fluctuate

daily, seasonally or annually due to flooding, evapotranspiration, groundwater recharge, or seepage
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losses. Open water in these wetlands results from topographic position, basin shape, high water table,
or natural damming (i.e. beavers). This class of wetland is divided into two types — graminoid wetlands

(shallow marshes) and shallow open water wetlands.

Graminoid Wetlands or shallow marshes are formed in depressions in the landscape where water runs
through channels or where water collects as standing pools. The water table usually remains at or
below the surface, but soil water remains within the rooting zone for most of the growing season. In the
Greater Bragg Creek area, marshes are rare (0.4 ha and 11 map polygons) and very small, often
occurring as isolated, complete entities found in shallow basins (Map 3 and Photo #4-7). Most marshes
in the Study Area are shallow marshes which experience water level draw-downs that result in basins
drying up and exposing sediments. Deep marshes with well-developed emergent zones of cattail and
bulrush are rare in the Study Area. Marshes receive water from the surrounding catchment as surface
runoff, stream inflow, precipitation, and/or groundwater discharge. Vegetation occurring in shallow

marshes in the Study Area include: coarse and fine sedges, slough grass, and rushes.

Shallow Open Water Wetlands are semi-permanent or permanent wetlands that usually maintain
surface water throughout the spring and summer and frequently maintain open water during fall and
winter. Water levels are seasonally stable, permanently flooded, or intermittently exposed during
droughts or low flows (CWSC 1997). Open shallow water comprises the majority of the surface area of a
confined basin or saturated zone. These wetlands are created and maintained by either groundwater

upwelling (Photo #4-9) or dam construction by beavers (Photo #4-10).
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Photo #4-5 Open white spruce/bog birch-willow/fine sedge treed fen

Photo #4-6  Closed white spruce-willow sedge treed fen in narrow stream channel
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Photo #4-7  Isolated shallow marsh with standing water and sedges

Photo #4-8  Shallow marsh in open water phase in stream channel
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Photo #4-9 Shallow open water wetland in northern portion of Study Area

Photo #4-10 Shallow open water wetland created by beaver dam — Iron Creek
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Constructed/Dammed Wetlands

These are wetlands where water regimes were artificially manipulated by construction of dams,
reservoirs, impoundments and dugouts. Two types of ‘artificial’ wetlands were mapped in the Greater
Bragg Creek area — dammed wetlands and constructed wetlands. Depending on the situation, some of

these sites have over time evolved into naturally functioning wetland systems.

Dammed Wetlands comprise 29.0 ha among 10 map polygons in the Study Area (Figure 1). These
wetlands arise primarily from impeding natural water flow through construction of roads and other
earthen berms. Such dams have resulted in permanent open water with levels subject to drought and
storm events. The “naturalness” or native ecological integrity of dammed wetlands depends on water
depth, the age of the dam and the amount of vegetation manipulation along shores of the wetland.
Photos #4-11 and #4-12 show two different outcomes of damming of Iron Creek by a residential road.
The degree of naturalness of the wetland in Photo #4-11 greatly exceeds that of the wetland in Photo
#4-12, which lies immediately adjacent and across the road. The wetland in Photo #4-12 has been
excavated and the shorelines partially mowed, whereas the wetland in Photo #4-11 was created by

damming and flooding with no excavation or vegetation removal.

Constructed Wetlands comprise 20.5 ha among 35 map polygons in the Greater Bragg Creek area. This
type of wetland is usually found in association with country residential or recreational (e.g. golf course)
properties. They are created usually by excavation and subsequent ponding by groundwater and
additional surface water input. These wetlands could alternatively be termed residential or recreational
ponds. Constructed wetlands are small averaging 0.6 ha and ranging in size from 0.04 ha to 6.0 ha. A
wide range of levels of naturalness occur among constructed wetlands. Most wetlands support limited
native ecological integrity and limited emergent vegetation (Photo #4-13). Some constructed wetlands

support a narrow emergent zone of 1 meter or less.
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Photo #4-11 Naturally functioning wetland created by damming of Iron Creek

Photo #4-12 Wetland adjacent to Photo #11 with modified basin and shoreline
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Photo #4-13 Constructed wetland with limited emergent vegetation

Photo #4-14 Constructed wetland with partial emergent zone
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4.3 Relative Importance of Wetland Types

According to Alberta’s Water Act, all wetlands in the province are important ecological and socio-
economic features, regardless of class or type. This is reflected in the strict wetland policy that requires
an approval and/or license to affect a water body including dredging, filling, diverting, and drainage.
Rocky View County adopted policies in 2010 with the purpose of conserving and managing wetlands and
riparian lands. These policies help the County to fulfill its legislative mandate through meeting legal and

statutory requirements for the protection of provincial water resources.

The definition of a water body in the Water Act is as follows:

“Water body means any location when water flows or is present, whether or not the flow
or the presence of water is continuous, intermittent or occurs only during flood, and

includes but is not limited to wetlands and aquifers”.

The importance of individual wetlands is often measured using the concept of wetland functionality
(Brinson 1993, Clairain 2002, Fennessy et al. 2004, City of Calgary 2004). Wetland function assessments
are often applied to assess the relative importance of specific wetlands for impact assessment purposes.
Factors used to measure relative functional value of wetlands include: flood and stormwater storage,
surface/groundwater quality protection, erosion and sediment control, fisheries habitat suitability and
aquatic biological diversity, wildlife habitat suitability and terrestrial biological diversity, species at risk
potential, plant community function, ecologically significant area potential, educational/research value,

open space/recreational value, and cultural/heritage value.

Assessment of the relative importance of individual wetlands lies outside of the scope of this project and
is, in fact, not applicable to this level of sub-regional planning and wetland classification. There are
however some inherent differences in the level of ecological importance of the seven wetland types
mapped in Map 3 and described above. These include: 1) regional rarity; 2) wetland genesis/native

ecological integrity; 3) plant and wildlife biodiversity potential; 4) size; and 5) connectivity.

50



Rocky View County Bragg Creek Master Drainage Plan - FINAL

The rarest wetlands in the Study Area from a land area perspective are graminoid wetlands (shallow
marshes) and shallow open water wetlands. The interspersed standing water and emergent zone
elements of these habitat types also enhance their potential to support a wide range of plant and
vertebrate wildlife species including “at risk” species. Large fen complexes offer secure ‘core’ areas for
certain wetland species but tend to support less structural and compositional diversity than shallow
marshes and open water wetlands. Constructed wetlands generally offer less biological diversity
although some dammed wetlands in the Study Area have evolved into natural open water wetlands with
well-developed emergent zones and strong combined hydrological, biological and socio-economic

function.

44 Potential Impacts of Stormwater Drainage on Wetlands

Some of the potential impacts of stormwater drainage and management on wetlands in the Study Area
include:
O Increased surface water runoff because of impervious surfaces;
0 Contaminants, sediments and nutrients entering wetlands affects water quality and aquatic and
semi-aquatic wildlife and fish habitat;
O Erosion of stream banks and creation of erosion channels in the wetland;
0O Reduced floodwater storage capacity;

O Altering plant composition and wildlife habitat.

Changes in water regime and water permanence have the greatest potential to alter wetland plant
structure and composition and therefore wildlife habitat and populations. Increased water input into
wetlands will generally result in reductions in shrubs, trees and grasses, and increases in sedges and
open water. This is not necessarily a negative outcome given the limited representation of open water
wetlands and shallow marshes in the Study Area. Ideally, best management practices commonly known
as Source Control Practices (SCPs) or LID will make it feasible to manage stormwater while at the same

time limit impacts on water regime and physical alteration of wetland habitat.

Section 7 and 8 of this report recommend measures to mitigate wetland impacts.
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5.0 OPPORTUNITIES, CONSTRAINTS, AND DESIGN ISSUES

5.1 Background

Identification of future potential development parcels is guided by several factors including
environmental and policy related issues. Environmental issues include: unstable slopes, forested areas,
wetlands, wildlife corridors, flood risk areas, riparian buffer zones, alluvial aquifer zones, parks and
recreation lands. Policy related issues include: type of development (e.g. low density, country
residential acreage, infill development), lot size, developable area (DA), impacts to existing agricultural
operations/practices, impacts to transportation infrastructure, lot servicing requirements (utilities,
sanitary, water supply, drainage), and impact to natural environment. The following sections will
describe future development opportunities, constraints, and design issues related to slope and

stormwater management issues.

5.2 Potential Residential Development Parcels and Constraints

A constraint map was created first using the LIDAR data derived contours, existing wetlands as per the
ASP document, wetlands inventory and assessment as part of this MDP, provincial park lands, floodway
and flood fringe lines within the Hamlet, the Hamlet boundary and the existing subdivisions. This map
identifies regions where potential future development is unsuitable in such areas with ground slope
more than 15%, flood hazard areas, wetland areas, riparian areas, Environmental Reserve (ER) areas,
and park areas. Based on consultations with the community residents, the County staff, and the
wetland inventory and assessment completed by Hab-Tech Environmental, a map with opportunities
and constraints was prepared (see Map 4). Potential storm pond locations have been provided
considering the areas that could potentially be developed and the associated slope towards existing
creeks and wetland areas. Actual locations of future storm ponds will depend on the area selected to be

developed and other physical constraints, such as vegetation, in the area.
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5.3 Future Development Stormwater Management Measures and Associated Design Issues

Potential developments will need to be planned and sited to minimize the potential impacts on
environmentally sensitive areas such as wetlands, streams and areas of high value flora and fauna. The
MDP looks primarily at the stormwater issues in respect to riparian and wetlands areas together with
implementing practices that enable development to occur without adversely impacting these
environmentally sensitive areas. Policies have been developed and recommended to control the peak

flow and volume and to improve water quality from a development.

The key stormwater management recommendations include:

0 Adoption of Low Impact Development (LID) practices to reduce runoff volumes and controlling
peak flows.

O Provision of constructed wetlands, or wet ponds in the Hamlet, with detention storage to
control peak flows to a maximum discharge rate of 6L/s/ha.

O Provision of LID practices and constructed wetlands to maintain flow volumes at
predevelopment levels.

O Locating and arranging development to maintain the hydraulic regime of adjacent wetlands and

watercourses.

By complying with the above objectives, significant improvements to runoff water quality will be
achieved for new development, resulting in the downstream water quality condition being maintained
or even enhanced. The level of improvement or otherwise that is achieved above existing background
water quality levels will depend on the land use that existed prior to development. Areas of relatively
undisturbed land are unlikely to have improved water quality outcomes, however areas that are
currently used for various agricultural and grazing uses should see improved water quality outcomes to

the receiving streams.
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6.0 STORMWATER MANAGEMENT MEASURES FOR DEVELOPMENT

Hydrological modelling of the Study Area assessed the impacts of future development on the
downstream watercourses and wetlands and determined what stormwater management practices are
likely to be required to meet the recommended peak flow and volume control targets. The size of
detention storage associated with wetlands and wet ponds and the potential benefits of incorporating

LID practices and wetlands to achieve annual runoff volume and water quality targets were determined.

6.1 Gross Developable Area and Development Size

The Greater Bragg Creek ASP proposes policy guidance of future residential development including
maximum size and number of lots within a Gross Developable Area (GDA). Gross Developable Area
(GDA) is the amount of land that remains once areas that represent constraints to development have
been subtracted from the titled area (Gross Area). Constraints include wetlands and streams and their
riparian set backs and steeply sloped areas. The ASP sets maximum number of lots irrespective of the
allotment density, i.e. whether at the maximum lot size or cluster style development. The ASP only
permits 50% of the GDA will be taken as lots where a development uses the maximum lot size. Under a
cluster style development 6.3% of the GDA will be taken up as lots where the smallest lot size is used.
However, as lot sizes are typically not equal, a lot size of 0.33 of an acre is considered a reasonable
average lot size for a cluster style development, which would take up 8.4% of the GDA. Concept size of
detention storage volume to determine the predevelopment flows was determined for a maximum lot
size and the cluster development lot size of 0.33 of an acre. The modelling parameters used and the

imperviousness calculations are presented in Appendix D.

6.2 Hydrologic Modelling for Storage Requirements

The SWMHYMO event based model and the continuous simulation QHM model was used to determine
concept level storage volume requirements for specific unit area release rates. Estimated costs to
construct the various wetland sizes were determined using standard rates for earthworks associated
components. For planning purposes, the storage-release rate-pond cost charts for both the maximum

2.0 and 0.33 acre lot size for various sizes of Gross Developable Area are presented in Figure 5 and
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Figure 6 respectively. Further details of the modelling undertaken have been included in the Bragg Creek

Hydrological Modelling Analysis report provided in Appendix D.

Figure 5: Storage Volume — Release Rate — Pond Cost for Two Acre Lot Size
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Figure 6: Storage Volume — Release Rate — Pond Cost for 0.33 Acre Average Size Lot
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The pond costs have been based on typical construction rates for the key elements for constructing a
constructed wetland or pond, including excavation, inlets and outlets and landscaping. No land cost

allowance has been included.

6.3 Bragg Creek Hamlet Stormwater Management

The Hamlet of Bragg Creek is mostly located on an alluvial aquifer which is hydraulically connected to
the adjacent Elbow River. The drainage in the Hamlet typically relies on the high permeability of the
underlying ground to dissipate and infiltrate stormwater. Therefore, no formal surface drainage system
exists for the majority of the area. Specific conditions such as a high river levels or a sizable runoff
volume generated from a Chinook or spring melt while the ground is still frozen limits this infiltration
capacity, resulting in localized flooding. There is also the possibility that the infiltration capacity is
reduced in local depressions due to sealing off of the surface by fine silts and clays. The potential for
infill and some large scale development within the Hamlet and the possible expansion to the south will

mean a more integrated approach to managing stormwater is needed. This approach should ensure
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that new development does not adversely impact existing drainage systems but can also provide a

means for providing overall improvements.

6.3.1 Development in the Existing Hamlet

Proposed development within the Hamlet should incorporate LID practices as the primary method to
manage stormwater runoff. Stormwater practices such as bioretention and bioswales should be
promoted as they can take advantage of the underlying natural capacity to infiltrate stormwater. These
types of systems also provide a filter between the polluted surface stormwater and the underlying
aquifer. However the stormwater systems will still need to account for conditions such as high river
levels and Chinook snow melts by providing adequate storage and safe overland flow paths in addition
to setting appropriate minimum floor levels for development. Providing new outfalls can also be used in
combination with the above methods; however any direct discharge into the Elbow River will require

appropriate upstream treatment measures and regulatory approvals.

6.3.2 Hamlet Expansion Lands

Approximately sixty percent of the land identified for future Hamlet expansion slopes towards the
existing developed area of the Hamlet and therefore future development is constrained by the lack of
drainage infrastructure that is available. Approximately forty percent of the area drains to a local
depression which serves a catchment area of approximately 100 ha to the south and west. Stormwater
management strategies in addition to implementing LID practices have been identified for these areas as

follows:

Development within the Southern Depression Catchment

Stormwater runoff of any proposed development within this catchment should be managed within the
local depression as a reasonable rate of infiltration is observed after significant runoff events. A
stormwater management study would be required to understand the hydrological regime of the
depression, assess impacts to existing infrastructure and ensure new development is situated outside

and is a minimum of 0.5m above the 1 in 100 year and extreme event (June 2005) flood levels.
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Development Draining to Existing Hamlet

The majority of the future expansion area that drains towards the Hamlet can be graded towards a point
to the north of Burney Road. This area is a relatively flat bench above the floodplain but below the
majority of the developable catchment. It is proposed that a stormwater wet pond for treatment and
detention storage could be constructed in this location with an outfall directing overflows towards the
Elbow River (Refer Enlargement on Map 5). The outfall would need to be a pipe for steeply graded
areas or where flows need to be directed against grade. However a swale could be provided for sections
of the outfall depending on the existing constraints along potential alignments. A swale may be
preferred for some sections as it should be built at a lower cost and conform to the ASP policy
recommendations of not providing formal hard engineered solutions in the Hamlet. One of the key
limitations to constructing a swale will be available space along any potential alignment. Detailed
survey and further investigations would be required to determine how the outfall could be built. For
this study, an underground outfall was sized and construction costs estimated to provide a budget cost

for providing an outfall.

The size of the wet pond component was estimated using current Alberta Environment criteria of
providing a volume equal to 25mm of runoff over the contributing catchment. The required detention
storage volume to mitigate flow down to the maximum discharge rate of 6L/s/ha was estimated based
on the hydrological modelling. It was assumed that development will have an average impervious area
of 40 percent and only a single stormwater basin has been provided for the expansion area. The outfall

pipe was sized to accommodate the 360 L/s capacity from the development to the river.
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The sizing of the stormwater pond and the outfall together with an indicative cost to construct the
infrastructure is provided in Table 7. The cost may vary significantly depending on the final location of

the stormwater pond and the catchment characteristics that are being proposed.

Table 7

Stormwater Infrastructure for Hamlet Expansion

Wet Pond Volume  (m’) 15,000

Detention Volume (m3) 20,000

Pond Cost ($) $600,000

Outfall size (mm) 525

Outfall Cost $500,000

Total Estimated Cost $1,100,000

The proposed alignment of the outfall passes a number of areas that are known areas of ponding and
localized flooding. The outfall could also be designed to accept additional flows from these locations
with bio-swales and rain gardens potentially being used to filter the stormwater before entering the
outfall. Such pretreatment measures may be more acceptable to the approving authorities when
discharging to the Elbow River. However, issues such as frozen ground and high river levels will also

need to be examined when considering the design.

6.4 Upgrade Requirements for Existing Drainage Infrastructure

A review of the existing culverts and bridges summarized in Table 2 and 3 indicates a number of culverts
have a low servicing standard before they are overtopped. As they are existing culverts, the priority to
upgrade depends on the culverts’ level of service and consequences if their capacity is exceeded. If
culvert or bridge overflows resulted in unsafe conditions or damage to infrastructure or property, it is
recommended that they are prioritized within the overall works program of the County. However, if the
culverts provide an acceptable level of service, the upgrades could be deferred to align the upgrade with

future development works impacting the culvert or future road upgrades.
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The culverts identified in Table 8 have been reviewed to determine if any action is required to
determine if they should be included as a priority culvert upgrade. The review generally identifies no
upgrades are needed unless required by future development proposals. However there may be a
number of culverts that require maintenance, as identified in the culvert assessment given in

Appendix B or upgrades due to minor drainage issues.

Table 8

Culvert/Bridge Capacity Upgrade Review

Culvert / | Ex. Design Action
Bridge # Standard | Required

Comments

Investigation by MPE (2007) identified that existing outlet structure is
satisfactory provided the County accepted undertaking repair due to
scour from overtopping and the potential for failure of the
embankment during an extreme event.

Upstream channel has five to ten year capacity, remaining flood flow
inundate wide area and safely overtop the road. Any future
development proposal should consider the extent of the 100 year
flood plain and how it should be managed.

Safely overtops local road.

Overtops main road for brief periods during significant events.
Investigate if overtopping in a 100 year event could result in damage
to downstream property.

Culvert safely overtops Elk Valley Drive.

Infrequently overtops road with shallow flow, no adjacent properties
exist. 100 year flood plain to be assessed for proposed development.

6.5 Low Impact Development Case Study

The effectiveness of LID techniques to retain runoff from development was determined using a case
study for several development scenarios that are expected to be encountered within the Bragg Creek
region. The Model for Urban Stormwater Improvement Conceptualisation (MUSIC) water quality model
was used to assess the potential for LIDs to achieve the requirement to not change the runoff volumes
and regimes that existed prior to development. This section summarizes the findings of the case study.
Further details of calibration of the MUSIC model and associated analysis is included in Bragg Creek

Hydrological Modelling Analysis report provided in Appendix D.
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6.5.1 Infill Development with LID Modelling

A typical infill development was modeled to assess the potential increase in runoff due to development
and assess the size of LIDs required to mitigate against any increase in volume. A four lot development
with a 1.6 ha (four acre) lot size was considered in the model and is shown in Figure 7. A model was
developed for the pre-developed area, the developed area, and the developed area with the application
of LIDs. The total site area was 6.4 ha with an impervious area of 6.3% consisting of roofed areas, paving
and driveways. The model also assumed that 75% of the site was not disturbed or modified during or

after the development of the lots.

Table 9 gives the changes in runoff from each condition. LIDs that were selected for the modelling
included rain barrels/tanks used to irrigate landscaped areas and absorptive landscaped to hold runoff
from adjacent paved areas. The irrigated areas assume an application rate of 130mm per year based on
the moisture deficit between the average monthly evaporation and rainfall. The absorptive landscape is
assumed to increase the holding capacity of the soil by 100mm and all losses are assumed to occur
through evapo-transpiration. Any infiltration losses that would actually occur are most likely to re-enter
the downstream wetlands/stream and therefore not reduce the runoff volume. Table 10 gives the LID

sizing required to meet the ‘no effective increase in runoff volume’ recommendation.
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Figure 7

Infill Development with Application of LIDs

Table 9

Runoff from Three Typical Scenarios (Infill Development)

Condition

Runoff

Increase above
Predevelopment

Predeveloped

13,100 m’/yr

Developed

14,400 m>/yr

Developed with
LIDs

13,300 m*/yr

Table 10

Required Size /Total Water Use of Typical LID Methods (Infill Development)

LID

Size

Total Estimated
Water Use

Absorbent
Landscape

300 m’ per lot
1,200 m’

660 m>/yr

Rain Barrel

5m’ per lot
20m’

236 m3/yr

Landscape
Irrigation

700 m’ per lot
2,800 m’

1,300 m’ per ha
irrigation rate
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6.5.2 Development LID and Wetland Modelling

A typical development was modeled to assess the potential increase in runoff due to development and
assess the size of LIDs and wetland required to mitigate against any increase in volume. A 22 lot
development with a 0.8 ha (two acre) lot size was considered in the model and is shown in Figure 8 with
the components of the area shown in Table 11. A model was developed for the pre-developed area, the
developed area, and the developed area with the application of LIDs and wetlands. The total modelled
site area of 24.6 ha was assumed from a GDA area of 35 ha with an impervious area of approximately
10% consisting of roofed areas, paving, driveways and service roads. It was assumed that 65% of the
allotment area had no disturbance or modification. The remaining undeveloped area was not modeled

as it was assumed to be undisturbed and therefore meets the predevelopment conditions.

Figure 8: Development with Application of LIDs and Wetland

Site LIDs

Rain barrels

Rain gardens
Absorptive landscapes
65% natural areas in lot
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Table 11

New Development Assumed Catchments

Natural | Offsite

Area (ha)

12.5
Impervious (%)

0

It was found that the development increased the runoff volume by 17% as shown in Table 12. The LID

practices and wetland sizing required to meet the no effective increase in runoff volume is shown in
Tables 13.

Table 12

Runoff from New Development Scenario

o Increase above
Condition Runoff v
Predevelopment

Predeveloped 50,200 m*/yr
Developed 58,600 m’/yr
Developed & LID | 49,600 m*/yr

Table 13

Combined LID and Wetland sizing for New Development

Estimated Total
Development
Water Use

LID Size

Absorptive 200 m” per lot 3
Landscape 4,400m’ 2,350 m*/yr

am’ per lot

. 3
Rain Barrel 88m’ 980 m”/yr

Landscape 500m’ per lot 1,300 m* per ha
Irrigation 10,500m2 irrigation rate
Wetlands 8,000m2 4,400 m3/yr

The same development was modeled without any LID practices other than swales to convey flow to the

stormwater wetlands as shown in Figure 9. The area of the wetland had to increase to achieve no net
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increase in the volume of runoff from the development. The wetland size required, provided in
Table 14, needed to be 75% larger than the wetland required when combined with LIDs. The
incorporation of more extensive on site LID practices than identified in Table 13 would further reduce

the size of wetlands required to meet the runoff volume targets.

Table 14

Wetland sizing with and without LIDs

Estimated Wetland

Case Wetland Size
Water use

Wetland & LIDs 8,000m’ 4,400 m* Jyr
Wetlands Only 14,000m’ 7,600 m® /yr

Figure 9: Development with Wetland Only

Natural wetland /

\ riparian zone

Constructed
wetland
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6.6 Review of LID Practices

LID practices provide a range of benefits from the retention of incident rainfall and runoff from adjacent
impervious surfaces to the treatment of runoff to improve water quality. The effectiveness of the
various practices will depend on the level of maintenance and compliance that is achieved. Therefore,
in order to identify suitable LID practices for Bragg Creek, a number of factors need to be considered
including function i.e. volume reduction/water quality treatment capabilities, operation and
maintenance requirements and located on public or private land. The performance of potential LID
practices has been summarized in the Table 15 and further description of individual LIDs and discussion

on their suitability for the Bragg Creek region is given in Table 16.

Table 15

LID Performance Matrix

LID
Practice

Pollutant
Reduction
Peak Flow
Reduction
Maintenance
Requirements
Operational
Requirements
Located on
Private Land
Located on
Public Land

Better
Planning
Practices
Maintain

Natural Areas
Absorbent
Landscape

Rain Garden
Permeable
Pavement

Rain Barrel &
Irrigation
Bio Swales

=2
-~
>

Swales
Constructed
Wetlands

Notation: L—Low, M — Medium, H — High, N/A — Not Applicable, v" -yes, ¥ - no
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Table 16

LID Description and Discussion

Description,
Key Benefits/Disadvantages

The positioning of the development within the GDA, the road and lot layout and the

Better arrangement of buildings on a lot can significantly influence the hydraulic and water
Planning quality performance of a development. In addition to managing the increase in runoff
Practices volume, care needs to be taken not to significantly change the hydraulic loading of
adjacent wetlands, including reducing or increasing the runoff volume they receive.
Particular attention should also be given to minimizing the interception or redirection of
groundwater away from wetlands that are fed primarily from upslope groundwater
movements. Best practice should be used to avoid these issues at the planning and the
design phase of a development.

Natural undisturbed areas have higher infiltration capacity than disturbed areas. Natural

Maintain areas provide a higher capacity to hold direct rainfall and runoff from more impervious
Natural Areas | areas. They will be most effective where runoff from impervious areas is evenly
distributed over these natural areas. This practice is one of the key practices that should
be implemented for development in Bragg Creek.

Absorbent landscapes is thickened topsoil or soil media which have the capacity to absorb
Absorbent and hold direct rainfall and distributed runoff from adjacent impervious areas such as
Landscape paving and roofs. They also promote infiltration similar to the original natural areas.

Absorbent landscape areas would complement the desire of most property owners to
beautify the property. Absorbent landscapes would be normally located on the low side of
a dwelling, which is typically the direction of the vista or focus of a property. The material
for these types of landscape would ideally come from the topsoil stripping process for the
building, where suitable, or from imported materials. Site grading and spreading of
surface runoff from impervious areas are important components but the construction and
maintenance of these practices is relatively straightforward. Therefore, absorbent
landscaping is considered the most practical and reliable LID practice.

Rain gardens can provide a similar function to absorbent landscapes. If no under-drain is
Rain Garden needed below the filtration media, it will act like a soakaway area. If an under-drain is
needed, it will provide more of a runoff filtration process with a lower absorption capacity.

Rain gardens are typically designed to accept concentrated runoff and therefore are more
suited to accepting runoff from roofs and large paved areas. As rain gardens have a higher
hydraulic loading, they need higher levels of design input and have higher construction
and maintenance requirements as they are more likely to fail, whether it is due to the
plant selection not matching wetting regime or become waterlogged, etc. It is important
that rain gardens be properly designed and receive regular maintenance to prevent
problems.

Rain gardens would be highly suited to the Hamlet and other areas with high underlying
infiltration rates.

69



Rocky View County Bragg Creek Master Drainage Plan - FINAL

Table 16

LID Description and Discussion (continued)

Description,
Key Benefits/Disadvantages

Permeable pavements can reduce runoff from hard surfaces by allowing rainfall to
Permeable infiltrate the surface and be stored in the open underlying pavement to then percolate
Pavement further into the ground or evaporate back through the surface. Surface examples include
gravel areas, concrete pavers and asphalt surfaces.

Permeable paving for high trafficked areas have high design, installation and maintenance
specifications and are costly to install and maintain and would not typically be
recommended for roads and private lots in the Bragg Creek area. Gravel surfaces instead
of pavement on private property are recommended to reduce the impervious surfaces.
Permeable pavement should be encouraged for low use pedestrian or vehicle areas, but
may not be reliable over the long term due to clogging and issues in climates subject to
frequent freeze/thaw cycles.

Rain barrels or tanks store water from impervious surfaces such as roofs and can be used
Rain Barrel & | for domestic non-potable uses. Stored water should be utilized regularly to be an effective

Irrigation LID practice e.g. irrigation and toilet flushing. Therefore, LID practices require the water
balance to be actively managed either through an automatic system or users/owners that
are dedicated to reusing rainwater. These systems require regular maintenance for
efficient and continued operation. Considering these issues, it is likely that such
installations are prone to neglect and may not be relied upon for long term management
of runoff.

A vegetated swale’s main function is to convey runoff in a manner that allows infiltration
Vegetated and some water quality treatment while providing flood protection capacity during a

Swales significant rainfall event. The slope and vegetation cover are important components to
encourage siltation and minimize erosion. Development in the Bragg Creek region
currently relies on these types of systems to convey runoff from developed areas. The
swales should be designed to reduce interception of the natural groundwater movement
and limit the redirection of runoff that could significantly change the natural flow patterns
of the existing wetlands.

Bio Swales have a similar function to vegetated swales but provide additional treatment
Bio Swales capacity through the use of a filtration media with and without an underdrain. The
effective use may be somewhat limited in low lying areas or where groundwater
interception would occur.

Wetlands provide the key functions of retention, detention and pollution removal in
Wetlands with | addition to providing increased habitat, amenity and a buffer zone to adjacent wetlands

Detention and streams. Wetlands are ideally located at the downstream end of a development and
provide the last opportunity to minimize development impacts; particularly from roads as
there is limited ability for the swales to manage runoff compared to LIDs located on
allotments.
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6.7 Maintenance of Stormwater Management Facilities

LID practices have shown to be effective in achieving the volume control objectives set for the Greater
Bragg Creek region either on its own or in combination with wetlands. Many of the preferred LID
practices are mainly located on private lots, which raises questions on their long term operation and
performance. Therefore consideration should be given to how acceptable specific LIDs are and the
likelihood that they will remain operational. Consideration is also given to what potential mechanisms

or encouragement can be provided to ensure they remain operational over the longer term.

6.7.1 Communal Stormwater Management Facilities

Where communal facilities such as wetlands and wet ponds are proposed, it is recommended that
maintenance and management of these facilities be vested in RVC, through the subdivision approval
process to ensure they function as intended. Ownership and operation of stormwater management

facilities should be in accordance with County policy.

6.7.2 Onsite LID Practices

A summary of the most suitable site LID practices have been assessed considering how effective they are

likely to be over the long term, based on a number of factors as shown in Table 17. The LIDs have been

ranked, based on this assessment.
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Site LID

Design / Install

Expertise

Maintenance

Table 17

Private LID Assessment

Requirements
Required to be
Operated
Nuisance
Potential

Difficulty to
Relocate

Aesthetic

Value

LID Ranking

Maintain
Natural Areas

=2
~
>

Absorbent
Landscape

Rain Garden

Porous
Pavement

Rain Barrel &
Irrigation

6.8 Suitability Assessment of LID Practices and Facilities

The suitability of LID practices being applied to various types of development within the Study Area has

been presented in Table 18.

The most applicable LID practices for the Bragg Creek area have been found to include:

O Better Planning Practices

O Maintain Natural Areas

O Absorbent Landscapes

The following LID practices have not been highly rated due to the high installation costs and the

medium to long term reliability and serviceability issues:

QO Permeable Paving

O Rain Barrel and Irrigation
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Table 18
Applicability of LID Practices

Development Type

LID Practice

Small # of
lots
Large # of
lots
Maintenance by

Hamlet
Residential
Commercial

Better Planning

<

Practices

Maintain Natural Areas

Absorbent Landscape

Constructed Wetlands®

Wet Ponds®

Rain Garden

Vegetated Swales

Bio-swales

Permeable Pavement

Rain Barrel & Reuse

Notation: L — Low, M — Medium, H —High, % - not suitable, M — Municipal, P - Private

a) end of pipe stormwater treatment measure
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7.0 IMPLEMENTATION STRATEGIES

7.1 Stormwater Management Policies and Principles for Existing and Future Development

The Greater Bragg Creek area is a unique region whose hamlet development has co-existed with
significant areas of forest, wetlands, and agricultural land uses. If development and land use practices
are not managed carefully, they can result in negative impacts to wetlands, watercourses, riparian

zones, groundwater recharge areas and the associated natural habitat.

To preserve and maintain the environmental integrity of the Elbow River Basin, a set of stormwater
management objectives and guiding principles have been developed to assist the sustainable
development and management of the region. Practical strategies are discussed to further assist
developers and landholders to manage their land for the benefit and preservation of the environment.
These policies should be reviewed and amended as necessary, should development densities be higher

than assumed in this report.

Objectives

The development of the Greater Bragg Creek area should be managed in ways to achieve the following

key environmental protection and stormwater management objectives:

Objective 1 Management of watercourses, floodplains, and wetlands to protect and maintain:

a) water quality

b) flow regime

c) environmental values (biodiversity, species at risk) and ecological functions of
watercourse habitat

d) the movement or migration of aquatic, semi-aquatic and terrestrial wildlife
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Objective 2 Watercourses, wetlands, and floodplains are protected against:

a) pollution

b) erosion

c) habitat alteration and removal

d) diversion of, or obstruction to natural stream flow

e) activities that compromise water quality and ecosystem health

Objective 3 Promote development which:

a) ensures the management of stormwater that promotes the maintenance of natural
flow regimes, natural storage areas, native vegetation and wildlife, and existing
drainage characteristics

b) prevents soil erosion and water pollution

c) protects water quality and riparian zones by providing adequate setback distances
from watercourses and wetlands

d) minimizes the disturbance of native vegetation, soils and the area of the
development footprint

e) protects alluvial aquifers, particularly recharge zones and their dependent
ecosystems

f) encourages stormwater reuse to reduce potable water consumption

g) meetsthe Greater Bragg Creek ASP guidelines

h) meets Rocky View County, City of Calgary and Alberta Environment Stormwater

guidelines

Objective 4 Integrate stormwater management hierarchically to achieve the objectives at the:

a) catchment level

i. water quality of the Elbow River

ii. protection of wetlands and water courses
b) development and drainage system level

i. minimizes impacts on existing hydrological pathways
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Objective 5

Principles

The following

ii. development meets the maximum unit flow rate objectives in this report or a
lesser unit flow rate given existing downstream constraints
iii. development meets the overall volume control objectives
iv. prevents erosion
c) lotlevel
i. reduces runoff volume
ii. mitigates peak flows

iii. minimizes pollution generation

Provide stormwater management facilities that:

a) minimizes public and private operation and maintenance requirements
b) provides long term compliance for practices and facilities located on private land
c) vests the ownership and maintenance of communal facilities with RVC

d) maintains infrastructure in a serviceable and safe state

Principles should be incorporated into the planning, design, construction and

management of new developments within the Greater Bragg Creek area specifically related to the

protection of existing wetland and riparian ecosystems and the integration of stormwater management

strategies.

1. Watercourses, floodplains, wetlands and associated riparian zones should be protected and

enhanced by:

a)
b)
c)
d)

e)

maintaining hydrological pathways

encouraging the maintenance of natural riparian zones and existing wetland system
restricting uncontrolled livestock access

adopting required setbacks

developing and promoting public awareness on local watershed, surface, and sub-

surface drainage issues
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2. Land developments to:

a)
b)
c)
d)
e)

f)

be located outside the 1:100 year flood risk area

provide riparian buffers to wetlands and watercourses

minimize disruption of the natural hydrological pathways

retain 65% of the native vegetation on the site

encourage stormwater use for lawn irrigation and other aesthetic needs

promote lot layout plans that encourage the adoption of LIDs to filter site runoff through
absorptive landscapes and natural undisturbed areas

provide water quality improvement/enhancement practices as recommended by AENV and

ERBWMP

3. Stormwater management systems should be designed and located to:

a)
b)
c)
d)

e)

improve or maintain the current quality of receiving waters

protect existing wetlands and watercourses

prevent erosion

protect receiving waters by adopting allowable release rates

minimize adverse impact of impervious surfaces by mitigating increases in runoff volume

and peak flow

4. Development should incorporate stormwater management techniques and strategies where

appropriate that:

a)

b)

f)

encourages the onsite retention and use of stormwater (may require AENV approval)

directs runoff from impervious surfaces onto absorptive landscapes, infiltration and natural
undisturbed areas

uses the lands’ natural capacity to manage and hold stormwater runoff

conveys excess stormwater runoff from developed areas as much as possible using bio-
swales, constructed road ditches, and culverts in rural and infill development areas

uses wetlands to retain, polish and detain stormwater to maintain hydrologic regimes and
enhance water quality (requires AENV approval)

meets predevelopment peak flow and volume recommendations, including:
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detaining the 1:100 year flood event to a maximum release rate of 6.0 L/s/ha for the
entire Greater Bragg Creek Study Area

detaining the 1:100 year flood event to a lower release rate where the downstream
constraints have been identified as a bottleneck in drainage conveyance (refer to Map 5
for currently identified locations). Where developments propose a higher release rate,
applicants must provide field verification that higher release rates (up to the maximum
release rate in i. above) will work with the upstream and downstream
conditions/constraints

retaining runoff by incorporating LID practices and wetland surface areas of adequate
size, using evaporative losses only, to ensure that post development runoff volumes

meet pre-developed runoff volume conditions

5. Stormwater wetlands and associated detention facilities should be designed to:

a)
b)
c)

d)

e)

f)

g)
h)

mimic, merge with and support adjacent natural wetland systems

provide water quality treatment

promote infiltration and minimize interception of underlying groundwater table

be used in combination with LID features to meet the required hydrological flow
regimes/release rates

provide wetland pond areas that match the reduction of flow volumes required to meet
predevelopment runoff volume conditions

provide detention storage to meet flow rate recommendations

prevent erosion and impacts to the downstream watercourses and wetlands

maximize wetland wildlife productivity and diversity

meet Rocky View County, City of Calgary, and AENV guidelines
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6. Development within the Hamlet of Bragg Creek shall manage stormwater by:

a)

b)

adopting LID practices

incorporating natural surface drainage systems more suitable as opposed to “hard-
engineered” stormwater control solutions

providing water quality treatment devices on commercial sites to remove oil, grit and
sediment

providing wet ponds to control release rates and meet water quality objectives

meeting water quality discharge requirements of Alberta Environment for direct discharges

to the Elbow River

7. For small infill developments, where these guidelines may be impractical or not desirable to fully

implement, development applications must demonstrate that:

a) downstream impacts are negligible

b) upstream drainage areas have been taken into account

c) required setbacks from riparian and flood risk zones are adopted

d) existing wetlands have been protected

e) LID methods are promoted in infill development areas for stormwater quality and quantity
controls

8. Installation, Maintenance, Operation & Compliance of Stormwater Management Infrastructure:

a) LID practices specified on private lots shall be enforced through the building application
process

b) constructed wetlands and wet ponds shall be vested to RVC

c) practical advice and guidelines on the installation and maintenance of the most promising
LID practices should be provided to homeowners

d) consider policies and bylaws which encourage or enforce compliance of private onsite
facilities

e) develop strategies to manage/rectify existing drainage issues that have been identified in

the MDP
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10.

f)

investigate opportunities to rectify existing capacity constraints as a component of future
development proposals
provide periodic review of existing infrastructure to assess the condition and structural

adequacy of major culvert and bridge structures under County roads

The Municipality should develop an enforcement and maintenance program to:

a)

b)

annually inspect, monitor and document drainage facility operation

carry out minor maintenance of conveyance systems such as removal of debris and
sediment accumulation from culverts

allocate funding for major maintenance of stormwater facilities (i.e. silt removal)

monitor long term performance and compliance of private onsite facilities

develop minimum performance guidelines for property owners

Planning Policy Considerations

a)

b)

policy implications of this MDP should be considered within the context of the Greater
Bragg Creek Area Structure Plan
policies be reviewed and amended as necessary, should development densities be higher

than assumed in this report
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Appendix A: Sub-basins and Sub-catchment Areas

Offsite Contributing Area

Onsite Contributing Area

Sub-Basin Catchments Name |Ave Slope (%)| Area (ha) | Catchments Name Ave Slope (%) Area (ha) | Total Area (ha)
Bragg Creek (BC) BC-1A 5.1 4067.7
BC-2A1 9.1 137.7 BC-2B 1.4 75.0
BC-2A2 1.7 16.4 BC-3 3.7 262.3
BC-4A 2.7 133.4
BC-5A 7.4 125.0 BC-5B 6.2 36.8
BC-6A 3.4 104.0 BC-6B 3.4 72.6
BC-7 8.3 30.4
BC-8 15.8 126.3
BC-9 5.0 126.9
BC-10 1.2 28.8
BC-11A1 15.6 60.1 BC-11B1 2.1 100.2
BC-11A2 14.3 18.0 BC-11B2 1.8 198.9
BC-12 2.7 174.7
BC-13 3.6 61.1
BC-14 5.0 51.1
Sub-Total 4,662.3 1,345.1 6,007.4
Iron Creek (IC) IC-1B1 3.3 52.6
IC-1B2 2.5 46.8
IC-2A 4.5 32.5 IC-2B 14.5 60.4
IC-3A 11.0 127.5 IC-3B 13.3 19.2
IC-4A 8.1 300.3
IC-5B1 3.6 231.6
IC-5B2 9.0 260.7
IC-6 7.5 235.5
Sub-Total 460.3 906.8 1,367.1
Elbow River North (ERN) ERN-1A1 8.7 169.2
ERN-1A2 5.0 168.8 ERN-1B 1.2 314.6
ERN-2A 2.3 160.8 ERN-2B1 8.0 50.8
ERN-2B2 3.7 45.0
ERN-3B1 5.2 219.4
ERN-3B2 10.6 95.0
ERN-4 2.9 560.5
Sub-Total 498.8 1,285.3 1,784.1
Elbow River South (ERS) ERS-1 4.7 611.5
ERS-2 3.7 277.6
ERS-3 10.0 234
ERS-4 12.8 42.6
ERS-5 15.0 29.1
ERS-6 14.0 20.6
ERS-7 16.2 98.0
Sub-Total 1102.8 1102.8
Fish Creek Tributary (FCT) FCT-A 2.8 1394.1 FCT-B 8.7 195.5 1589.6
Bow River Tributary (BRT) BRT-A 2.5 96.0 BRT-B 3.5 64.3 160.3
TOTAL 7,111.5 4,900 12,011

N:\22\85 M.D. of Rockyview\033 Bragg Creek Master Drainage Plan\Design Calculations\Sub-basins_Catchments\Areas
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Appendix B1: Summary of Hydraulic Assessment of Culverts

Page 10of 2

Estimated Estimated | Estimated Road Top/ CulvertMaster Computed- Q (cms) | _Drainage Unit Area Flow Comments
Section | Culvert ID Road Name a/Size & Mater| U/SInv (m) | D/SInv (m) | Length (m) | Spill Depth (m) | Inlet Control | _Outlet Control Area (ha) | Rate, UAFR (L/s/ha) | Size identified to upgrade to 100 year standard
- Wp Rd 232 600 CSP 1386.30 1386.00 20.00 0.79
5 wp Rd 232 600 CSP 1380.50 1379.50 20.00 1.60 0.79
- wp Rd 232 To be i could not be located
- wp Rd 232 To be determined could not be located
X wp Rd 232 750 CSP 371.50 371.00 30.00 40 1.36
X Forestry Way 1200 CSP 391.00 390.70 25.00 50 631 526 120.0
- Forestry Wa) 1250 CSP 402.80 402.50 25.00 80 4, 86.8 553
-8 Range Road 54. 750 CSP 374.50 374.30 25.00 30 1.
17 17-1 Hawk Eye Road 450 CSP 1369.25 1369.00 30.00 2.00 0.35
17 172 Range Road 54 250 CSP 1368.50 1368.25 20.00 0.50 0.08
- Twp Rd 232 To be determined
- Ba) 450 CSP 369.50 369.20 30.00 1.20 0.26
- Range Road 54 750 CSP 371.00 369.70 30.00 150 111 inlet partially blocked by vegetation
- Forest Park Place 500 CSP 368.50 368.00 20.00 0.90 0.41
- Twp Rd 232 600 CSP 364.00 363.50 25.00 1.20 0.6
X Meadow View Road 450 CSP 364.00 363.50 35.00 0.80 0.23
- Meadow View Road 450 CSP 374.00 373.50 25.00 0.80 0.26
4! Range Road 54 2x600 CSP 380.25 380.00 20.00 50 .33 146.7 9.1 damage to one u/s CSP inlet
2 Range Road 54 900 CSP 405.25 405.00 20.00 00 88 2003 02
4 Range Road 54 600 CSP 405.25 405.00 20.00 50 89
4- Elk Valley Drive 800 CSP 382.25 | 1382.00 30.00 30 106
4-! Elk Valley Crescent 600 CSP 383.25 383.00 30.00 20 .51 slight damage to u/s inlet
X Elk Valley Drive 2x600 CSP 382.25 382.00 30.00 50 17 387 3.0 duplicate with 2 - 600 dia CSP
4 Highlands Boulevard 600 CSP 409.50 409.00 30.00 00 52
28 Highlands TC 450 CSP 42350 423.00 35.00 30 37
49 Highlands Boulevard 600 CSP 410.50 408.50 35.00 50 0.6
B Elk Valley Drive 600 CSP 381.50 1381.00 35.00 30 .56
B Elk Valley Bay 600 CSP 382.00 381.50 30.00 00 43
- 8972 Rocky View 600 CSP 383.00 382.80 35.00 00 41
- Elk Valley Gate 600 CSP 383.40 383.00 35.00 00 .47
E Elk Valley Drive 600 CSP 376.50 376.00 35.00 30 .56
- Elk Valley Grove 600 CSP 376.50 376.00 35.00 40 58
- Elk Valley Crescent 600 CSP 374.50 374.00 25.00 50 .67
16 16-1 Saddle Road 1200 CSP 1353.00 135250 25.00 1.20 155
16 16-2 Saddle Road 375 CSP 1352.50 1352.00 25.00 050 0.14 damage (0 u/s CSP inlet
16 163 Saddle Road 375 CSP 1352.00 1351.50 25.00 0.40 0.10
22 221 Range Road 52 1250 CSP 1344.00 1343.90 35.00 2.80 352 160.3 220
22 222 Range Road 52 600 CSP 134310 1343.00 35.00 1.00 0.38
- Fawn Hills Drive 600 CSP 350.25 350.00 0.00 10 48
- Range Road 52 450 CSP 350.25 350.00 0.00 10 29
- Range Road 52 450 CSP 336.00 335.90 0.00 .00 .38 126.9 3.0 duplicate with 450 dia CSP.
- Range Road 52/Mountain View Park| 450 CSP 337.30 1337.00 25.00 .50 17 CSP inlet filled with gravel, 50% blocked
- Fawn Hills Drive 600 CSP 538.50 1538.00 30.00 30 .60
- Saddle Road (Box Culvert) 2400x1300 Conc 345.25 1345.00 30.00 80 831
-8 Saddle Ridge 1200 CSP 356.90 1356.00 25.00 60 2.40
-9 Saddle Road 375 CSP 351.50 1351.00 25.00 50 0.14
10 101 Wild Rose Close 1200 CSP with Outlet Control 133315 1332.50| 35.00] 550 25 limited capacity, has overtopped road in 2010
10 10-1 Wild Rose Close [1200 CSP Weir Flow (Sharp-Crested) | 4.2 1287 25 1200 dia CSP duplicate
10 102 Wild Rose Close unknown /
10 10-3 Twp Rd 232 To be | could not be located? ]
N:A22\85 M.D. of Rockyviewl033 Bragg Creek Master Drainage Plan\Design Calculaii Ierts_Bridge_Capacity_S \Culverts_Capacily




Appendix B1: Summary of Hydraulic Assessment of Culverts Page zof 2

Estimated Estimated Estimated Road Top/ CulvertMaster CcmEuted- Q (cms) Drainage Unit Area Flow Comments
Section | Culvert ID Road Name Dia/Size & Material (mm) U/SInv (m) | DI/SInv (m) | Length (m) | _Spill Depth (m) | Inlet Control | _Outlet Control Area (ha) | Rate, UAFR (L/s/ha) | _Size identified to upgrade to 100 year standard
25 25- i Wa 900 CSP 308.00 307.50 25.00 40 147
25 25- Winlergreen Road 2x600 CSP. 293.00 292.80 35.00 .00 0.83 some rock blocking inlet
25 25 Wintergreen Road 900 CSP 293.00 292.80 35.00 50 128 2104 136 dis vegetation blocking outlet
25 25~ Wintergreen Road 2x600 CSP 294.50 294.30 35.00 30 170 - .
25 255 Road 1400 CSP Orifice Flow ™ 291
25 255 Road [1400 CSP Weir Flow (Sharp-Crested) 3317
25 25-6 i Road 450 CSP. 293.50 293.30 5.00 .50 .22 'some vegetation blocking inlet
25 25-7 S )u\rre\ Crescent 600 CSP 305.00 304.50 .00 30 .71
25 258 Mountain Lion Place 450 CSP 311.50 311.00 5.00 50 .30 vegetation blocking inlet
25 259 Mountain Lion Drive 900 CSP 313.00 312.50 .00 7 52 culvert out of shape
25 2510 Moose Drive 600 CSP 304.00 303.80 35.00 2 47
25 25-11 Coyote Close 450 CSP 305.00 304.80 30.00 0 .23
25 25-12 Wintergreen Road 600 CSP 292.50 292.30 35.00 1 .65 vegetation 20% blocked
Z 24-1A Wintergreen Road 600 CSP 290.18 289.80 26.50 281 0.74
Z 24-18 i Road 450 CSP 290.85 290.40 26.50 2.14 032 560.5 72
4 24-1C Wintergreen Road 1350 CSP 290.50 290.00 30.00 0 3.00 d/s outlet incnmEIele
Z 24-2 Wintergreen Road 450 CSP 291.00 290.50 30.00 0 0.40 uls & dis blocked by vegetation
5 “April Road 1200 CSP 8. 348.00 30.00 2.00 .06 234 216.2
5 Cummer Place 450 CSP y 336.00 30.00 00 26
- Cummer Place 1200 CSP 3 342.00 30.00 60 85 206 186.9
- Two Pine Drive 600 CSP 327.. 327.00 30.00 10 .74
X Williams Place 600 CSP 1326. 326.00 30.00 40 .60
X Two Pine Drive 600 CSP 309. 309.00 30.00 00 50
- Twp Rd 232 600 CSP 308. 308.00 30.00 60 64 1157 55
-8 Elbow Ridge 450 CSP 292. 292.30 20.00 .00 .25 blocked bz vegetation 20%
-9 Wintergreen Road 600 CSP 300. 300.00 30.00 40 0.61 damage to culvert inlet, 80% pugged with silt
5 Bracken Road 900 CSP 304 1304.00 20.00 1.40 a7
¥ Echiin Drive 450 CSP 319. 1319.30 20.00 0.70 20 culvert pugged 80%
- Echiin Drive 375 CSP 319. 1319.00 20.00 0.70 17
- East Park Place 600 CSP 318. 1318.20 20.00 0.80 .42 heavy u/s veg + 60% plug_g_ed
X Harwood Street 450 CSP 301 1301.20 20.00 1.00 .26
- Buntall Drive 450 CSP 300. 1300.20 20.00 0.70 21
- Boyce Ranch Road 2x825 CSP 1318. 318.10 .00 10 192 1400 14 minor damage to one CSP inlet
- Highway 66 2400 CSP 1330. 330.00 00 .80 12.13 13001 187 requires significant upgrades when future
- Highway 66 2x1800 CSP 1330. 330.00 .00 30 14.00 . . is being proposed
- Boyce Ranch Road 600 CSP 1317. 317.00 .00 80 0.44
- Highway 22 3000 CSP 131050 310.00 0.00 50 2114
- Highwaz 22 1050 CSP 1320.50 320.00 0.00 00 3.54
- Highway 66 600 CSP 1320.50 320.00 0.00 4.00 0.95 80% plugged by cattle accessing drain
- ‘Secondary Highway 758 600 CSP 50 335.50 30.00 0.80 0.43
3 Range Road 51 600 CSP 50 47,50 25.00 0.80 043
X Highway 66 600 CSP 50 46.00 40.00 4.00 .93 80% plugged
- Highwaz 66 1200 CSP .50 44.00 40.00 150 .46
X Secondary Highway 758 450 CSP .40 75.00 30.00 1.20 .28
X Lot 450 CSP 75.40 75.00 20.00 0.60 22 inlet blocked with rock, damage to CSP
- Cul-de-sac 450 CSP 74.50 74.00 25.00 0.60 .22
X Secondary Highway 758 600 CSP 30.50 330.20 30.00 3.00 .88 inlet blocked 80% by thick woody vegetation
Notes:

[1] Orifice Flow Contraction Coefficient (Cd) was taken as 0.6 (Fluid Mechanics for Engineers by Bruce, p. 133)
(2] Weir Flow Discharge Coefficient (Cd) was taken as 1.837 for Sharp Crested Weir (Smith, C.D. Hydraulic Structures, 1995, p.11-3)
[3] With 1 m of head and assuming 30 % blockage by grates

[4] With 0.8 m and 0.7m of head for 10-1 and 25-5 control strcuturtes repectively and assuming 30 % blockage by grates

N:A22185 M.D. of Rockyviewl033 Bragg Creek Master Drainage Plan\Design Calculati Iverts_Bridge_Capacity_ \Culverts_Capacity
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Rocky View County Bragg Creek Hydrologic Modelling Analysis

BRAGG CREEK HYDROLOGIC MODELLING ANALYSIS

1.0 INTRODUCTION

Hydrologic modelling analysis for this study involves three components.

Q Determination of order of magnitude peak runoff rates for several pilot catchments within the
Study Area using both event based and continuous simulations to establish suitable hydrology
model input parameters,

O Determination of storage requirements for new low density and cluster developments within
the Study Area at recommended release rates using both event based and continuous
simulations, and

0 Determination of effectiveness of Low Impact Development (LID) practices for the Bragg Creek

region using continuous daily rainfall simulations.

2.0 HYDROLOGICAL MODELLING FOR PEAK FLOW

2.1 Rainfall Records and Precipitation Event

The Calgary International Airport (YYC) meteorological station data is typically used in the Calgary
region, including Bragg Creek. The 1:100 year Intense Stormwater Event using the Chicago Storm
hyetograph distribution represents approximately 90 mm with a maximum rainfall intensity of about
168 mm/hour within a 24 hour period. The closest Environment Canada meteorological station for the
Study Area is Elbow Ranger Station (ERS), which is about 30 km southwest from Bragg Creek. Based on
historic precipitation data at the YYC and ERS, it has been found that Bragg Creek receives approximately
25 to 40% more annual precipitation than Calgary (Valeo et. al, 2007; Lagore, 2004). There are no
suitable records of an Intensity-Duration-Frequency (IDF) Curves at ERS to generate a local Intense
Stormwater Event for Bragg Creek. Therefore a brief review of the hydrological modeling methods used
for modeling the catchments at Bragg Creek and discussion on the appropriateness of using the YYC IDF
curves for single event analysis and rainfall data for continuous rainfall simulation is provided in the

following subsections.
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2.1.1 Methods of Applying Rainfall in hydrological Models

The Chicago Storm hyetograph is a design storm distribution widely used by practicing drainage
engineers in the USA and Canada for assessing runoff from smaller predominantly urban catchments.
This distribution was originally proposed by Keifer and Chu in 1957. While developing this storm
distribution pattern, they preserved the maximum volume of water falling within a specified duration,
the average amount of rainfall before the peak intensity, and the relative time of the peak intensity. To
preserve these characteristics, Keifer and Chu (1957) developed the Chicago Storm hyetograph from
empirical Intensity Duration Frequency (IDF) relationships. By using the IDF relationships, they made
procedures and concepts familiar to engineers and simple to obtain and therefore, the Chicago Storm

has become widely accepted for use in Engineering Practice (Greenland Engineering, 1997).

The single event model requires the estimation of rainfall losses or abstraction to ensure the design
rainfall produces an equivalent peak flow for a specific Average Recurrence Interval (ARI) event. For
small catchments, an event model using the Chicago Storm Event generally produces higher peak flows
for design events (e.g., one hour or less) in comparison to frequency analysis of peak flows derived from
continuous rainfall simulations. This is due to the Chicago Storm hyetograph being an idealized attempt
to accommodate shorter storm events within the overall design storm duration, compared to a more

realistic rainfall temporal patterns that occur in continuous simulation methods.

Continuous rainfall simulation modelling applies rainfall time series over a significant period of at least
30 to 50 years. This allows the model to take account of the variability in the antecedent moisture
conditions through the modelling process to combine with the incident rainfall to produce peak flows
and runoff volumes. Therefore this type of simulation can provide a more realistic estimate of runoff
volumes, which is particularly important when assessing or sizing detention basins and other assessment
where the flood volume is an important consideration. The limitation with this type of modelling
includes inadequate rainfall data, poor understanding of catchment soil parameters and the extra effort
required to determine peak flows and volumes for each element of interest in the model using

frequency analysis.
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2.1.2 Historic Monthly Rainfall Comparisons
Historic monthly precipitation data available for the ERS from Environment Canada climate records were

obtained and plotted. As shown in Figure 1, the highest monthly precipitation occurred in the years
1963, 1969, 1981, 1993, and 2005. Monthly precipitation data at the ERS shows that over the past 49
years of record, the June 2005 event gave the highest monthly precipitation at 506 mm. It is evident
from Figure 1 that the June 2005 rainfall total in the Bragg Creek region represents over two times that
of the Calgary area (see Figure 2). Further comparison of June 2005 data for ERS and YYC (Figures 1 & 2)
revealed that monthly maximums for the two stations do not match well, hence precipitation patterns
and totals are relatively different in Calgary and Bragg Creek. This difference in monthly rainfall often
does not translate into significantly different IDF values for short duration thunderstorm type events
which typically govern for estimating the magnitude of significant flood events on small urbanized
catchments. With continuous simulation methods, the statistical differences in rainfall over the 6, 12
and possibly 24 hour periods are more important than monthly comparisons. If the frequency and
intensity of those events were typically higher, then the hydrological analysis using the YYC data would
give lower volumes for detention storage sizing. However, the modeling parameters and approaches
used for assessing low density development typically produces conservative detention basin storage

sizing when limiting flow to the recommended unit area release rate due to the following factors:

1. Most models have a tendency to overestimate peak flows from a natural catchment

2. Developments are usually located on the upslope of a catchment resulting in higher flows than
would be observed further downstream in the catchment after being routed by the riparian and
wetland storage

3. The adopted unit area release rates have been based on flood frequency analysis which

incorporates all the in stream storage routing of a catchment

The use of standard modelling methods with YYC rainfall data should give adequately conservative
estimates of detention storage sizing to meet predevelopment conditions. Even if the differences in
rainfall distribution of the local Bragg Creek region compared to YYC rainfall data was understood and
incorporated into the modelling, the sizing would likely be still be adequate if the conservativeness of a

number of other assumptions is reduced.
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Since the IDF data for Intense Stormwater Event and hourly data for continuous simulation were not
available for the Bragg Creek region, both the Intense Storm Event and continuous simulation
precipitation data of the Calgary International Airport were used in hydrologic model simulations for this

study will be recommended.

2.2 Hydrologic Modelling — Peak Flow Analysis

Typical stormwater models such as SWMHYMO for event based and QHM for continuous simulation
were not suitable models to represent the large upstream catchments and the Study Area. However,
these two models are commonly used to assist in the stormwater analysis for small sub-division
developments in urban and semi-urban areas in Alberta. Keeping in mind that these models will
probably be used to assess future development proposals within the Study Area, both the SWMHYMO
and QHM modelling simulation runs were made for a few pilot sub-catchments that fall within the
Elbow River North and Elbow River South sub-basins. These pilot sub-catchments were selected,
considering potential for new developments in the Elbow River North sub-basin and infill developments

in the Elbow River South sub-basins as suggested in the Greater Bragg Creek ASP.

As part of determining the existing peak runoff rates, hydrologic modelling was done for the pilot sub-
catchments. Catchment parameters were estimated based on existing land use and soil conditions. The
pilot sub-catchments were modelled to estimate the 1:2, 1:5, and 1:100 year peak flow rates that would
occur under existing (pre-development) conditions using the computer programs SWMHYMO Version
4.02/July 1999 and QHM Version 3.1. The SWMHYMO modelling is completed using a single (discrete)
storm event while the QHM modelling is completed using historic rainfall data. The “Chicago” synthetic
design storm parameters for the City of Calgary were used to model SWMHYMO 1:2, 1:5 and 1:100 year
storm events. Continuous precipitation data from 1960 to 2007 (48 years) at the Calgary International
Airport were used for the QHM model. The statistical analysis program, HydroFreql version 1.0, was

used to process the QHM output data to determine the 1:2, 1:5, and 1:100 year runoff rates.
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Figure 1: Monthly Precipitation at Elbow Ranger Station
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Figure 2: Monthly Precipitation at Calgary International Airport
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The modelling approach and parameters used in this analysis are based upon soil conditions obtained
from AGRASID soils map of Alberta, a combination of locally accepted practices, Alberta Environment
and the City of Calgary Guidelines, as well as past experience in the Calgary Region. A summary of

SWMHYMO modelling parameters is presented in Table 1.

Table 1
Summary of SWMHYMO Modelling Parameters

Pervious Area
Existing Land Use Area (ha) IAper SLPP Tp
(mm) (%) (hrs)
ERN-4 Forested & clear-cuts 542 15 2.6 1.8
ERS-3 Forested & residential lots 18 15 7.5 0.3

Pilot Sub-
catchment

ERS-48&5 Forested & residential lots 58 15 5.5 0.6

ERS-6 Forested & residential lots 21 15 15.0 0.4

The modelling parameters shown in Table 1 are briefly explained as:

CN = Runoff Curve Number, a function of hydrologic soil group and land use,
IAper = Initial Abstraction (wetting losses) from pervious surfaces,
SLPP = Average pervious surface slope over which runoff travels, and

Tp = Time to peak of the unit hydrograph

Table 2 provides the summary of hydrologic modelling (SWMHYMO and QHM) results for the existing

condition.

The analysis demonstrates typical stormwater models such as SWMHYMO for event based simulation
and QHM for continuous simulation typically are used for urban catchments and are not easily adapted
to large pervious catchments for a number of reasons. Firstly, SWMHYMO uses idealized rainfall and
temporal patterns and suitable abstractions are needed to mimic antecedent moisture conditions in
order to achieve realistic results. QHM avoids needing to estimate antecedent moisture conditions but
still needs to estimate properties related to soil abstractions over time. Both models are poor at
modelling the physical processes such as water movement down the upslope and accounting for the

floodplain storage within the wetlands without discretely modelling such storage. These factors result in
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an overestimation of peak flows using these types of models without detailed model development and

calibration to simulate the physical process as best as possible.

Table 2
Existing Condition Hydrologic Modelling Results for Pilot Sub-catchments

SWMHYMO Peak Runoff Rates and Unit Area Flow Rates (UAFR)

Pilot Sub-
catchment

Drainage
Area (ha)

1:100Y 24
h Qpeak
(L/s)

1:100Y 24
h UAFR

(L/s/ha)

1:5Y24
h Qpeak
(L/s)

1:5Y24
h UAFR

(L/s/ha)

1:2Y 24h
Qpeak (L/S)

1:2Y24
h UAFR

(L/s/ha)

ERN-4

542

6,309

11.6

1,479

2.7

508

0.9

ERS-3

18

695

38.6

124

6.9

29

1.6

ERS-4&5

58

1,520

26.2

302

5.2

84

1.4

ERS-6

21

680

324

124

5.9

31

1.5

QHM Peak Runoff

Rates and Unit Area Flow Rates (UAFR)

Pilot Sub-
catchment

Drainage
Area (ha)

1:100Y 24
h Qpeak
(L/s)

1:100Y 24
h UAFR

(L/s/ha)

1:5Y24
h Qpeak
(L/s)

1:5Y24
h UAFR

(L/s/ha)

1:2Y 24h
clpeak (L/S)

1:2Y24
h UAFR

(L/s/ha)

ERN-4

542

3,890

7.2

2,080

3.8

860

1.6

ERS-3

18

240

133

100

5.6

50

2.8

ERS-4&5

58

860

14.8

370

6.4

210

3.6

ERS-6

21

220

10.5

100

4.8

50

2.4

2.3 Hydrologic Modelling - Storage Requirements

The Greater Bragg Creek Area Structure Plan proposes policy guidance of future residential
development including maximum size and number of lots with a Gross Developable Area (GDA). The
ASP sets maximum number of lots irrespective of the allotment density, ie. whether at the maximum lot
size or cluster style development. Therefore, only 50% of the GDA will be taken as lots with a
development set at the maximum lot size down to 6.3% at the smallest permitted lot size. However as
all lots are typically not equal, a lot size of 0.33 of an acre is considered a reasonable average lot size for
a cluster style development, which would take up 8.4% of the GDA. Concept size of detention storage
volume to determine the predevelopment flows were determined for a maximum lot size and the

cluster development size of 0.33 of an acre. The modelling parameters used and the imperviousness

calculations are presented in Appendix A.
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Both the event based and continuous hydrologic models discussed in Section 2.2 have been used to
determine concept level storage - release rate - pond cost charts for any new developments within the
Study Area. For planning purposes, the storage - release rate - pond cost charts for both the maximum
2-acre and for an average lot size of 0.33-acre is presented in Figure 3 and Figure 4 respectively. It
should be noted that the storage volumes estimated for the 2 acre lot size development is significantly
higher than the 0.33 acre lot size development. The following factors should be considered to
understand why this occurs:

1. The number of lots per gross development area for each lot size is the same; therefore it is likely
that the impervious area of the 2 acre lot development will be higher due to longer roads and
driveways required to service the properties.

2. The hydrological models used to estimate the peak flows typically give higher peak flows from
the undeveloped catchment than the recommended unit area release rate of 6L/s/Ha.
Therefore the significantly larger pervious area of the 2 acre lots will further increase the

detention storage volumes required for this type of development.

Figure 3: Storage Volume — Release Rate — Pond Cost Estimate for 2 Acre Lot Size
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Table 3
Meteorological and Hydrological Data Source

Data Station Name Station No Comments

Precipitation Elbow RS 3052270 Missing data filled using Kananaskis station

Temperature Kananaskis 3053600 estimate snow accumulation and snow melt

AENV monthly evaporation data for Calgary
adjusted to suit lower evaporation rates for the
Bragg Creek region
Elbow Falls & 05BJ006 Used both GS to estimate the typical runoff
Bragg Ck GS 05BJ004 characteristics of the Bragg Creek region

AENV Calgary

Evaporation
P data

Gauged Flow

A daily precipitation data set from 1958 to 2009 was developed from the Elbow RS with missing data
filled from the adjacent Kananaskis weather station. The average annual precipitation was 645 mm at
Elbow RS and 638 mm at Kananaskis, based on the climate normal derived from the years 1971 to 2000.
The data set was further modified to incorporate a snow accumulation and melt process with snow melt

being calculated using the equation described in Watt (1989) as follows:

M = M (T; = Tp)
Where M is the degree-day melt factor in mm/degC/day, T; is the index temperature assumed to be
average daily temperature at the Kananaskis weather station and T, is the base temperature, usually

freezing point.

Average monthly evaporation data from the Calgary International Airport was modified to reflect the
lower evaporation rates that occur at Bragg Creek. A range of reductions were trialed based on
literature (Worley Parsons, 2010) and to match the stream flow gauging estimates. An annual
evaporation rate of 545 mm appeared to provide reasonable runoff rates when validating the MUSIC

model parameters.

Stream flow calibration data was derived for the modelling by subtracting flows at Elbow Falls RS from
the flows at the Elbow River Station at Bragg Creek. Stream flow data was missing from either gauging

station for significant periods of time over the simulation period, particularly at Elbow Falls. A

10
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relationship between the flows at Elbow River and Bragg Creek GS was derived from a line of best fit as
shown in Figure 5. The catchment between the two gauging stations has an area of 354 km? and has an
average annual runoff of 72,000,000 m? or about 30 percent of the annual average precipitation of the

catchment.

Figure 5:
Relationship Between Peak Flows at Bragg Creek and Elbow Falls GS

120
100

B0

= 083176

60

m3/s)

3.2 Model Calibration

The MUSIC model was calibrated against the runoff characteristics of the gauged flow generated
between the Bragg Creek and Elbow Falls stations. The model input parameters for the soil moisture
store and groundwater components were derived to provide a reasonable match with the gauged data
as shown in Figures 6a, 6b & 6c. The calibrated model generated average annual runoff of 73,000 dam?
which was within 2% of the gauged catchment flows. The model tended to overpredict the peak flows

from the more significant storm events, which is expected as the model assumes surface runoff will

11
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reach the gauge station on the day that the precipitation falls on the catchment. In reality, the runoff

will reach the gauge station spread over a number of days.
The modelling indicated that a significant portion of the runoff generated in the Bragg Creek Area results
from groundwater flow in the vadose zone. This is consistent with the finding discussed with the

wetland assessment section of this report which found that the wetlands are fed from groundwater.

Figure 6a: MUSIC Model Calibration Results (1978-1982)
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Figure 6b: MUSIC Model Calibration Results (1991-1995)
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Figure 6c¢: MUSIC Model Calibration Results (2004-2008)
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3.3 Infill Development with LID Practices

A typical infill development was modelled to assess the potential increase in runoff due to development
and assess the size of LID practices required to mitigate against any increase in volume. A four lot
development with a 1.6 ha (4 acre) lot size was considered in the model and is shown in Figure 7. A
model was developed for the pre-developed area, the developed area, and the developed area with the
application of LID practices. The total site area was 6.4 ha with an impervious area of 6.3% consisting of
roofed areas, paving and driveways. The model also assumed that 75% of the site was not disturbed or

modified during or after the development of the lots.

Figure 7: Infill Development with Application of LID Practices

Table 4 gives the changes in runoff from each condition. LID practices that were selected for the
modelling included rain barrels/tanks used to irrigate landscaped areas and absorbent landscape to hold
runoff from adjacent paved areas. The irrigated areas assume an application rate of 130mm per year
which adjusts the application to take into account daily rainfall. The absorbent landscape is assumed to
increase the holding capacity of the soil by 100mm and all losses are assumed to occur through evapo-

transpiration. Any infiltration losses that would actually occur are most likely to reenter the downstream

14
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wetlands/stream and therefore not reduce the runoff volume. Table 5 gives the LID sizing required to

meet the no effective increase in runoff volume policy.

Table 4

Runoff from Three Typical Scenarios (Infill Development)

Condition

Runoff

Increase above
predevelopment

Predeveloped

13,100 m’/yr

Developed

14,400 m’/yr

10 %

Developed
with LID’s

13,300 m*/yr

Table 5

2%

Approximate Area/Volume for Three Typical LID Methods (Infill Development)

LID

Size

Estimated
Water use

Absorptive
Landscape

300 m’ per lot
1200m’

660 m® /yr

Rain Barrel

5m’ per lot
20m’

236 m° /yr

Landscape
Irrigation

700m” per lot
2,800m’

3.4 Development LID and Wetland Modelling

1,300 m’ per ha
irrigation rate

A typical development was modelled to assess the potential increase in runoff due to development and

assess the size of LID’s and wetland required to mitigate against any increase in volume. A 22 lot

development with a 0.8 ha (2 acre) lot size was considered in the model and is shown in Figure 8 with

the components of the area shown in Table 6. A model was developed for the pre-developed area, the

developed area, and the developed area with the application of LIDs and wetlands. The total site area of

24.6 ha was assumed from a GDA area of 35 ha with an impervious area of approximately 10%

consisting of roofed areas, paving, driveways and service roads. It was assumed that 65% of the

allotments remained in a natural state.

15
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Table 6
New Development Assumed Catchments

Natural | Offsite

Area (ha) . 12.5
Imperviousness (%) . 0

It was found that the development increased the runoff volume by 17% as shown in Table 7. Table 8

gives the LID and wetland sizing required to meet the no effective increase in runoff volume policy.

Table 7
Runoff from New Development Scenario

Increase above

Condition Runoff Predevelopment

Predeveloped 50,200 m*/yr
Developed 58,600 m’>/yr 17%

16
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Figure 8:

Table 8

Development with application of LID Practices and Wetland

Sizing of LID Practices and Wetland for New Development

LID

Size

Estimated
Water use

Absorptive
Landscape

200 m’ per lot
4,400m°

2,350 m® /yr

Rain Barrel

am’ per lot
88m’

980 m® /yr

Landscape
Irrigation

700m” per lot
2,800m’

1,300 m’ per ha
irrigation rate

Wetlands

8,000m”

4,400 m® /yr

17
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The same development was modelled without any LID practices other than swales to convey flow to the

stormwater wetlands as shown in Figure 9. The area of the wetland had to increase to achieve no net

increase in the volume of runoff from the development. The wetland size required, provided in Table 9,

needed to be 75% larger than the wetland required when combined with LID practices.

Table 9

Wetland sizing with and without LID Practices

Case

Wetland Size

Estimated Wetland Water
use

Wetland & LID practices

8,000m”

4,400 m*/yr

Wetlands Only

14,000m*

7,600 m*/yr

Figure 9: Development with Wetland Only

18
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APPENDIX-A

HYDROLOGIC MODELLING PARAMETERS AND IMPERVIOUSNESS ESTIMATION
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Appendix A: Estimation of Percent Imperviousness for New Large Lot and Cluster Developments

A) Large Lot New Development CN=72 |Aper = 15 mm 1Aimp = 1.7 mm
Assumed Assumed Assumed
Gross D Area, GDA (ha) #of Lots [1] | Lot Area (ha) [2]| Roads (ha) [3] | Offsite Area (ha) [4] | Total Area (ha) [5] | Total Impervious Area (ha) [6] Imperviousness (%) L(m W(m) | SLPP (%)[ SLPI (%) | LGP (m) | LGI(m)

5 3 2.43 .36 56 35 .32 259 129 2 2 0 40
20 9.72 6 2 .41 .29 51 259 2.5 2 0 50
35 2 17.82 .67 Al .59 .36 70 351 2.5 2.5 0 70
50 1 25.11 .77 7! .65 .32 83 416 3 2.5 0 120
65 0 324 6 4 .71 .29 94 473 3 25 30 200

NOTES:

[1] Assuming 1 Lot = 4 acres (1.6 ha) as GDA

[2] Developable Area (DA) per lot = 2 acres (0.81 ha)

[3] Roads = 15 % of Lot Area (DA)

[4] Typical Offsite Area = 20 % of Lot Area and Roads

[5] Total Area = Lot Area + Roads + Offsite Area

[6] Total Impervious Area = 50 % of Roads Area + 465 sq m of Lot Area as hard surface as per RVC's RFP Document

B) Cluster New Development CN=72 IAper =15 mm IAimp = 1.7 mm

Assumed Assumed Assumed
Gross D Area, GDA (ha) # of Lots [1] | Lot Area (ha) [2]] Roads (ha) [3] | Offsite Area (ha) [4] | Total Area (ha) [5] | Total Impervious Area (ha) [6] Imperviousness (%) L(m) W(m) | SLPP (%) SLPI (%) | LGP (m) | LGI(m)

5 3 0.39 0.06 0.09 .54 0.18 33 104 52 2 2 20 40
20 1.56 0.23 0.36 .15 0.71 33 207 04 2.5 2 20 50
35 2 2.86 0.43 0.66 .95 1.30 33 281 40 2.5 2.5 20 60
50 1 4.03 0.60 0.93 .56 1.83 33 334 67 3 2.5 20 80
65 0 52 0.78 1.20 18 2.37 33 379 89 3 2.5 20 100

NOTES:

[1] Assuming 1 Lot = 4 acres (1.6 ha) as GDA

[2] Developable Area (DA) per lot = 0.33 acres (0.13 ha)
[3] Roads = 15 % of Lot Area (DA)

[4] Typical Offsite Area = 20 % of Lot Area and Roads
[5] Total Area = Lot Area + Roads + Offsite Area

[6] Total Impervious Area = 65 % of Roads Area + 465 sq m of Lot Area as hard surface as per RVC's RFP Document
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Rocky View County Typical Sections

islengineering.com Bragg Creek Master Drainage Plan
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TABLE 400-D - ROAD APPROACH DESIGN CRITERIA

TYPE SURFACE | TURNING
or woTH | RaDUS | TR STRUGTURE
APPROACH (m) (m)
BASED ON SOAKED CALIFORNIA BEARING
-COMMERCIAL 10 9 41 RATIO. AT MINIMUM MUST MATCH
-INDUSTRIAL STRUCTURE OF ROAD PROVIDING
ACCESS TO LOT
GRAVEL RD:
-75mm DES 4 CL 20 CRUSHED GRAVEL
-AGRICULTURAL
RECREATIONAL OVER 150mm DES 6 CL 80 PIT-RUN
UTILITY 8 6 i
“RESOURCE PAVED / CHIPSEALED RD:
- -90mm CITY OF CALGARY TYPE 'B' ACP
OVER 200mm DES 2 CL 20 GRAVEL
GRAVEL RD:
RESIDENTIAL: -75mm DES 4 CL 20 CRUSHED GRAVEL
,\SA'STGL'J‘EI/_ 6.1/7.0 8 31 PAVED / CHIPSEALED RD:
-75mm CITY OF CALGARY TYPE 'B' ACP
OVER 200mm DES 2 CL 20 GRAVEL
GRAVEL RD:
-100mm DES 4 CL 20 CRUSHED GRAVEL
FIELD 8 6 31 PAVED / CHIPSEALED RD:
-75mm CITY OF CALGARY TYPE 'B' ACP
OVER 200mm DES 2 CL 20 GRAVEL
USE ROAD APPROACH GEOMETRY AS NOTED ABOVE FOR EQUIVALENT
“TEMPORARY PERMANENT APPROACH

SECONDARY HIGHWAYS - 4:1

SURFACE WIDTH
IN ACCORDANCE WITH
TABLE 400-D

SIDE SLOPES
LOCAL ROADS - 3:1

CROSS SLOPE CROSS SLOPE
—_—— —

2% PAVED SURFACE
3% GRAVEL SURFACE

RIP-RAP DETAILS:
-SOUND DURABLE STONE HAVING
A MINIMUM DIMENSION OF 100mm &
AT LEAST 50% HAVING A
MINIMUM DIMENSION OF 200mm &
NONE GREATER THAN 300mm
-TO BE HAND PLACED AROUND

THE INLET & OUTLET

-TO EXTEND 1.0m BEYOND THE ENDS
OF THE CULVERT & WRAP

AROUND THE TOP OF THE CULVERT

APPROACH CULVERT

TURNING RADIUS
IN ACCORDANCE
WITH TABLE 400-D

SURFACE TYPE AND STRUCTURE
IN ACCORDANCE WITH TABLE 400-G

CULVERT DETAILS:
-CORRUGATED STEEL PIPE (CSP) OR CORRUGATED METAL PIPE (CMP)

-MINIMUM 450mm DIAMETER (18in)

-MAXIMUM 22m LENGTH UNLESS PERMITTED OTHERWISE

-MINIMUM 1.6mm WALL THICKNESS

-SLOPES ENDS ARE REQUIRED AS PER SECTION 404.6 OF THE COUNTY SERVICING STANDARDS

APPROACH CULVERT

-CULVERT SLOPE TO BE 0.5% OR DITCH GRADE, WHICHEVER IS GREATER
-CULVERT TO BE INSTALLED AT DITCH BOTTOM OR COUNTERSUNK UP 50mm BELOW DITCH BOTTOM

APPROACH CROSS SECTION

DETAIL
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1 INTRODUCTION

WSP Canada was retained by Rocky View County (the County) to complete a Hydrogeological Development
Suitability Study, which will contribute to informing the development of an updated Area Structure Plan (ASP) for
the Greater Bragg Creek area. The existing ASP lays a foundation that addresses community values,
environmental integrity, and sustainable growth. However, with evolving environmental, infrastructure, and
population dynamics, there is a need for an updated ASP. This study will underpin the new ASP by assessing
hydrogeological and geotechnical factors that directly influence development suitability across the plan area. The
hydrogeological assessment consists of multidisciplinary fields to determine areas suitability for development and
identifying areas where additional precautions or restrictions are necessary due to environmental sensitivity or
geological challenges. The study focused on:

= Flood and Groundwater Management - assessing flood risks, drainage patterns, and groundwater levels to
develop effective flood mitigation strategies and protect water resources.

= Geotechnical Suitability - evaluating soil conditions, stability, and potential geohazards to ensure safe and
cost-effective construction and foundation design.

= Environmental Preservation - identifying key natural resources and implementing strategies to minimize
ecological impact, preserve habitats, and comply with environmental regulations.

= Potable Water and Wastewater Infrastructure Feasibility - analyzing the capacity of existing water supply and
wastewater systems to meet demand and evaluating options for sustainable infrastructure development.

2 BACKGROUND AND OBJECTIVES

The primary objective of this study is to deliver a detailed assessment of hydrogeological conditions within the
Bragg Creek Hamlet Growth Area and Expansion Area (the Study Area), the boundaries of which are illustrated
on Figure 1. This involved determining areas suitable for development and identifying areas where additional
precautions or restrictions are necessary due to potential environmental sensitivity or geological challenges,
based on desktop assessment. The overall scope of work encompassed the following key components:

= Data Collection and Review — Compilation of previous hydrogeological, geotechnical, and environmental
studies, including the assessment of relevant records from the Bragg Creek Hamlet Expansion Strategy and
other publicly available resources on the County’s website.

= Hydrogeological Analysis — Surface and groundwater conditions within the Study Area were assessed, taking
into account the extent and yield capabilities of aquifers, groundwater flow regimes, and recharge and
discharge areas, particularly in relation to seasonal variations in water levels and flood risk. Historical data
and analytical methods were used to visualize and evaluate existing conditions and potential impacts on
areas identified for future development.

m  Geotechnical Evaluation — WSP identified areas where subsurface geological materials could limit
development potential due to risks such as slope instability or subsidence. The analysis incorporated data
such as subsurface composition, groundwater conditions, and topography to pinpoint areas requiring
specialized construction techniques or those deemed unsuitable for development.
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= Impact Assessment and Mitigation Strategies — The preliminary assessment evaluated potential impacts of
the proposed development on water resources, infrastructure, and the environment. Mitigation measures were
recommended for sensitive areas, aligned with the ASP’s environmental goals and informed by Rocky View
County’s low-impact development principles and Alberta’s Water for Life Strategy.

3 HYDROGEOLOGICAL STUDY
3.1 Groundwater Resource Evaluation and Aquifer Assessment
3.1.1 Area Geology

The bedrock geology and surficial deposits within the Study Area are shown on Figure 2.

3.1.1.1 Bedrock Geology

The bedrock geology in the Study Area is a complex series of repeated units formed by northwest-southeast
trending thrust faults and folds of the Foreland Fold and Thrust Belt (Rocky Mountain Thrust Belt). Bedrock
formations broadly sub-crop parallel to the regional deformation structures. The bedrock units in this area are
Upper and Lower Cretaceous in age. The Upper Cretaceous units are identified as the Wapiabi Formation and
Cardium Formation, and the Lower Cretaceous unit consists of the Blairmore Group (Figure 1).

The geological formations are described by Prior et al. as follows:
Upper Cretaceous

= Wapiabi Formation — shale, mudstone, silty shale, argillaceous siltstone, and siltstone (some platy, some with
rusty-brown weathering, some calcareous); local bentonite layers and local siderite concretions (isolated or
along horizons, locally abundant); includes fine-grained, massive to cross-bedded sandstone of the
Marshybank Member (lower part of formation) and the fine- to coarse-grained sandstone and argillaceous
siltstone of the Chungo Member (upper part of formation); rare, thin chert-pebble layers; marine to locally
nonmarine deposits.

s Cardium Formation — Quartz sandstone (commonly thick bedded to massive), silty sandstone, siltstone,
shale, and pebble conglomerate; marine deposits.

Lower Cretaceous

= Blairmore Group — Conglomerate and quartzose sandstones at the base, grades to sandstone, siltstone,
mudstone, and limestone in the overlying formations.

3.1.1.2 Surficial Geology

The surficial geology of the Bragg Creek area consists primarily of Pleistocene-aged glacial deposits, with
moraine, fluvial, and glaciolacustrine deposits being the dominant units (Figure 2). Fluvial deposits, including a
mix of poorly to well-sorted, stratified to massive sand, gravel, silt, clay, and organic sediments are found beneath
areas of low surface elevations adjacent to the Elbow River. In some areas, fluvial deposits incorporate a
significant amount of colluvial material. Glacial moraine deposits consist of diamicton (till) deposited directly by
glacial ice, which includes a mixture of clay, silt, and sand, along with minor pebbles, cobbles, and boulders (AGS
2024). These deposits include blocks of bedrock, stratified sediments, or lenses of glaciolacustrine and/or
glaciofluvial material in some locations (AGS 2024). Lastly, the glaciolacustrine deposits, include sediments that
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are rhythmically laminated to massive fine sand, silt, and clay, sometimes containing debris released by melting
floating ice. Littoral sediments are typically massive to stratified, well-sorted silty sand, pebbly sand, and minor
gravel, commonly found in beaches, bars, and deltas (AGS 2024)

3.1.2 Water Wells and Groundwater Licences in Project Area

A total of 179 records were identified within the Study Area through a review of the Alberta Water Well Information
Database (AWWID, Appendix A). Table 1 presents a summary of Domestic use wells, and Table 2 summarizes
Observation, Municipal, and Unknown use wells.

It should be noted that the total number of records does not directly correspond to the number of active water
wells, as the dataset includes entries related to water quality sampling, decommissioned wells, reconditioned or
deepened wells, and test holes. Additionally, some active wells may not be captured due to incomplete reporting
at the time of drilling. After filtering out records unlikely to represent active wells, the estimated number of active
wells within the Project Area is approximately 70 to 80. Furthermore, the mapped well locations should be
considered approximate, as many records provide location data only to the legal subdivision or quarter section
level.

There is one active groundwater diversion licence, as shown in Table 3. The licence serves various purposes and
allocates an annual groundwater volume of 1,230 m3/year to the Bavarian Inn. It is assumed that the rest of the
water wells in the Study Area are operated under exemptions to the Water Act for household use or traditional
agricultural use of groundwater. These types of exemptions limit diversions to 1,250 m3/year and 6,250 m3/year,
respectively.

Numerous springs have been identified in the surrounding areas by Borneuf (1980) and others. Only one spring is
recorded in the water well database for the Study Area, in the NW quarter of Section 12. The precise location of
this spring is unknown based on the available information; however, it is likely that it occurs as a contact spring at
the base of a slope, either in the vicinity of Park Place/Park Pointe, or on the north side of the Elbow River, south
of Centre Avenue.

3.1.3 Potential Aquifers in Study Area

Groundwater in the Study Area is primarily stored in shallow alluvial aquifers adjacent to the Elbow River. These
aquifers exhibit seasonal variations in groundwater flow direction, which are closely tied to river discharge levels.
During periods of low river discharge, groundwater tends to flow sub-parallel to the river, while during high
discharge periods, the flow direction can shift, indicating complex interactions between surface water and
groundwater systems.

Sandstone units within the Upper and Lower Cretaceous deposits are the primary bedrock aquifers in the Study
area. Deformation of bedrock units resulted in sub horizontal and near-vertical orientation of depositional units as
well as truncations of aquifer units by faulting can limit the lateral continuity and therefore yield capacity of these
aquifers. Drilling reports from AWWID indicate that bedrock units with a well-developed fracture network (typically
near the top of bedrock) may also act as secondary bedrock aquifers.

The locations of water wells, historical boreholes and hydrogeological cross-section lines are shown on Figure 3.
Hydrogeological cross-sections A-A’ (Figure 4), B-B’ (Figure 5), and C-C’ (Figure 6), show the distributions of
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geological materials, well screen intervals, and water levels in selected boreholes and water well records in the
Study Area.

3.1.3.1 Surficial Aquifers

Surficial aquifers are typically within shallow fluvial and glaciofluvial units composed of sands and gravels; these
aquifers are expected to have limited lateral and vertical extents in the Study Area due to the topography and
nature of the depositional environment. Surficial deposits and associated aquifers generally occur at depths of
less than 17 metres below ground level (mGL). Thirty-seven AWWID records have been interpreted as being
completed in the surficial aquifers. Sand and gravel deposits of varying depths were noted above bedrock across
the Study Area. Recommended or tested flow rates from 25 wells completed within surficial aquifers ranged from
1.1 to 114 L/min, with an average of approximately 34 L/min.

Mapped groundwater yields in surficial aquifers in the Study Area range between 5 and 25 imperial gallons per
minute (igpm), or 30 to 160 m¥d (Borneuf 1980, HCL 2002). The Bow River basin, of which the Elbow River is a
tributary, is closed to new surface water allocations. This includes groundwater that is considered directly
connected to surface water, so groundwater diversions from alluvial aquifers in the Bragg Creek townsite are
limited to existing allocations and may be subject to holdbacks.

In the Hamlet Expansion Area, extensive surficial sand and gravel-bearing deposits of up to 40 m depth covered
by a thin veneer of fine-grained materials are indicated in the water well records and may represent buried
paleochannel or glacial meltwater lake deposits within sandy tills that are/were connected to channels that drain
southeast to Priddis Creek (Figure 2). A gravel pit is located to the west of the Study Area in NE Section 07, and
SE Section 18 of Twp 23 Rng 4 W5M and appears to also represent similar deposits connected to the Priddis
Creek sub-watershed (Figure 2). Limited water level measurements from the water wells completed in these
deposits are available; however, the data that is available indicate a deep local water table and deep saturated
intervals of limited thickness within these granular deposits immediately above the bedrock. The AWWID records
indicate the wells in the Hamlet Expansion Area are mostly screened in the underlying bedrock sandstones.

3.1.3.2 Bedrock Aquifers

Sandstone units within the Blairmore and the Alberta Group deposits are expected to be the primary bedrock
aquifers in the Study Area; however, drilling reports from AWWID indicate that fine-grained bedrock units with a
well-developed fracture network may also act as secondary aquifers. Due to the complex regional folding and
faulting of the bedrock in the Study Area, the low permeability units are expected to act as confining layers and
barriers to groundwater flow. Hydraulic connectivity between sandstone units will be controlled by the extent of
fracture development within the low permeability units. Mapped groundwater yields from the Study Area (Borneuf
1980, HCL 2002) are between 1 igpm and 5 igpm (0.1 to 0.4 L/s, 5 to 30 m3/d) in the bedrock aquifers. Data from
the AWWID records indicates the following about wells completed within the bedrock:

= Water well depths ranged from 18 to 90 m, with an average depth of 35 m; the majority of the wells are
installed to withdraw groundwater from interbedded shale and sandstone bedrock units.

= Water well pumping rates were assessed in records from 1966 — 2022; recommended pumping rates (as
indicated in the records by the water well drillers) range from 1.14 to 90.92 L/min, with an average rate of
18.95 L/min. The approximate locations of these groundwater wells and their recommended pumping
rates are shown on Figure 7. Water well records are included in Appendix A and Tables 1 and 2.
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= Across the Study Area, there are multiple sets of records that show a combination of test holes, dry holes,
or new wells have been drilled near one another and terminated at various depths; indicating that the
depth to viable aquifers is inconsistent across the Study Area. A comparison of drilled well depths and
recommended pumping rate data further indicated that there is no apparent correlation between well
depth and recommended pumping rates.

3.1.3.3 Groundwater Recharge

Of the 179 well records in the Bragg Creek Hamlet Growth and Expansion Areas, approximately 143 have data to
indicate the depth of screened, open, or perforated intervals, in addition to lithology logs. Disregarding
decommissioned wells, it is estimated there are on the order of 70 to 80 active water wells in the Study Area.
Other than the single licensed water well for the Bavarian Inn, it is assumed that the active water wells in the
Study Area are operated under exemptions to the Water Act for household use or traditional agricultural use of
groundwater. These types of exemptions limit diversions to 1,250 m3/year and 6,250 m?/year, respectively. If a
volume of 1250 m3/year is being diverted from 80 of these wells, that represents an annual groundwater
requirement of approximately 100,000 m3/year. This estimated volume only includes water wells within the
boundaries of the Study Area; however, it is unlikely that all of these wells are fully active and being used
constantly throughout the year. It is also possible that many are not being used at all or have been abandoned.

The catchment area for Bragg Creek (waterbody), Iron Creek, and areas of the Study Area and adjacent areas
that drain to the Elbow River represent approximately 60 km2. Average annual precipitation in Bragg Creek is
approximately 410 mm/year, and therefore equates to a volume of almost 24,000,000 m3/year in the catchment
area. An assumption of 10% groundwater recharge equals over 2,400,000 m?/year, which well exceeds the
estimated groundwater usage for the Study Area. This proportion of groundwater recharge (10%) was previously
assumed for the Jumpingpound Creek watershed to the north and was comparable to separate estimates of
recharge obtained from baseflow separations for that area (AMEC, 2011). This estimate also does not include
potential recharge occurring further upstream of the Study Area boundaries within the Elbow River catchment.

3.14 Water Quality

The Greater Bragg Creek Area was evaluated for water quality using laboratory results administered by Alberta
Health Services (AHS) for private well water (Appendix B). Groundwater samples were collected from private
wells between 2002 and 2018, with the wells categorized by depth into surficial and bedrock aquifers. What are
classified as surficial aquifer wells in the Study Area generally include those with depths ranging from 0.0 to 17
mGL, while wells deeper than 17 mGL are likely installed in a bedrock aquifer and extend to depths up to 54 m.
The water quality results included various groundwater parameters, including major ions and general chemistry
analytes, trace metals, and bacteria.

The average pH for the surficial aquifer was 8.09, while the bedrock aquifer had a similar but slightly higher
average pH of 8.23. Total Dissolved Solids (TDS) concentrations averaged 490 mg/L for the surficial aquifer and
436 mg/L for the bedrock aquifer. Electrical conductivity (EC) averaged 877 uS/cm for the surficial aquifer and
786 uS/cm for the bedrock aquifer. Chloride concentrations were 60.0 mg/L in the surficial aquifer and 39.5 mg/L
in the bedrock aquifer, both of which are within typical ranges, although slightly elevated compared to background
values.
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The water type in the surficial aquifer is primarily Calcium Bicarbonate, with minor contributions from Calcium
Chloride, Sodium Bicarbonate, Calcium Sulphate, and Sodium Chloride waters. The bedrock aquifer, in contrast,
contains a more even mix of Calcium Bicarbonate and Sodium Bicarbonate water type, with lower relative
concentrations of other major ions. Figure 8 presents a Piper plot illustrating the geochemical composition of the
groundwater samples, categorized by their respective sources.

Overall, the water quality in the Study Area can be considered suitable for domestic consumption, agriculture, and
other development-related uses; however, there are concerns regarding groundwater hardness, which may
impact well screens, plumbing fixtures and other infrastructure, and may be of concern to individuals with health
issues related to bones and joints.

The Sodium Absorption Ratio (SAR) of local groundwater was assessed using the equation below

Na®
V3(Ca + Mg>)

SAR =

Analyte concentrations were obtained from Alberta Health Services and converted from mg/L to meqg/L. The
Sodium Adsorption Ratio (SAR) for the surficial aquifer was calculated at 1.11 meqg/L, and for bedrock aquifer, at
1.89 meq/L. These values reflect the relative proportion of sodium to calcium and magnesium in both shallow and
groundwater sources. SAR values of this magnitude are considered low, indicating minimal risk of sodium-related
impacts on subsurface soils and ground structures. SAR greater than 8 may be conducive to reduced permeability
of surface soils over time which would impact the function of disposal fields or stormwater infiltration features
(AENV, 1996).

To evaluate the potential for scaling and corrosion in water systems that divert and convey local groundwater, the
Langelier Saturation Index (LSI) and Ryznar Stability Index (RSI) were calculated. The LSI estimates whether
water will precipitate or dissolve calcium carbonate: a positive LSl indicates a tendency for scaling, while a
negative value points to potential corrosion. The RSl is derived from water chemistry parameters including pH,
calcium, TDS, bicarbonate, and temperature; assumed temperatures were 15°C for the surficial aquifer and 10°C
for the bedrock aquifer.

The calculated RSI for the surficial aquifer was 6.4, suggesting the water is stable with low likelihood for corrosion.
Similarly, the bedrock aquifer showed an RSI of 6.8, indicating only a slight difference from the surficial aquifer
and similarly low risk. The LSI for the surficial aquifer was calculated at 0.83, while the bedrock aquifer had an LSI
of 0.73. These positive values indicate that both water sources are supersaturated with respect to calcium
carbonate, suggesting a moderate tendency to form scale buildup on surfaces such as piping, fixtures, and well
casings/screens.

3.2  Site Suitability for Development

Site Suitability for Development is generally determined by the composition and drainage capacity of the natural
surficial materials and soils, severity of surface slopes, and depths to water table and bedrock. As discussed
above, surficial geological materials that characterize the Study Area include:

= Fine- and coarse-grained alluvial sands and gravels, occurring in the valley bottoms and in adjacent areas as
terraces.
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= Thin, fine-textured glaciolacustrine deposits on top of bedrock (Bayrock et. al. 1980). Scheelar and Veauvy
(1977) interpret these materials to be morainal blanket deposits of glacial origin. These generally occur on the
higher ground to the south of the Elbow River (including most of the Hamlet Expansion Area).

m At elevated areas to the north and southwest of the Elbow River, surface materials are mainly comprised of
sandy till (Moraine) deposits on top of bedrock, and colluvium consisting of soil and rock creep materials
occurs at the highest elevations. The occurrence of these deposits is very limited within the Study Area.

Figure 2 shows the general distribution of the surficial materials described above. The following subsections
discuss the suitability for development in the areas where each of them occurs.

3.21 Fine and Coarse Textured Alluvial Deposits

The alluvial deposits in the region occur in and along the river channels and in adjacent terraces and are typically
2 to 7 m thick (Bayrock et al. 1980). Drilling data in the Study Area indicate typical thicknesses of alluvial sands
and gravels of between 2 m and 5 m. Floodplain-deposited silty sands at ground level and overlying the coarser
fluvial channel material are also commonly found at the low elevations adjacent to the river in the valley bottom.
The areas where these occur are characterized by:

= Shallow water table due to low elevation and proximity to the Elbow River.

m High permeability, which gives them a high infiltration/drainage capacity and low risk for frost heave, however,
these materials also are conducive to seepage induced by flooding. Drainage is also limited by shallow water
tables and shallow bedrock in the area.

= The gravel deposits in these areas can be a source of aggregate, where practical (Shetsen 1981).
= The fine and coarse alluvial and floodplain deposits may be suitable as road fill.

= They generally occur on level- to gently sloping topography on the valley bottom and terraces near the base
of adjacent slopes.

Due to the risks from shallow water tables and seepage/flooding risks, these areas are not generally
recommended for homes with basement levels, on-site septic systems, or passive stormwater or low impact
development (LID) facilities. These areas may be more suitable for recreation areas, limited agriculture, and non-
residential buildings and roadways. Buildings/residential developments could be considered for higher elevation
areas further from the river and/or using added fill on top of grade, slab on grade or raised foundations, or flood
protection structures where practical. Excavations in these noncohesive granular materials can be prone to
sloughing/caving as well (Scheelar and Veauvy, 1977).

To the south of the river valley and floodplain, in the Hamlet Expansion Area (SE V4, Section 12), there are
surficial granular deposits of possible fluvial/glaciofluvial or lacustrine origin extending to depths of up to 40m.
These deposits appear to represent an abandoned/buried paleochannel or meltwater lake deposits potentially
connected to tributary streams flowing to the southeast toward Priddis Creek. Aerial imagery shows that there is a
gravel pit located to the east of the Hamlet Expansion Area, in an area of local sand and gravel deposits mapped
by Shetsen (1981), which also appears to be connected to Priddis Creek drainage. Water tables in this area
appear to be much deeper below ground level, and the areas where the granular surficial materials occur are
likely well-drained. Topography is gently to moderately sloping and some areas may require cut/fill grading to
permit residential development in some locations.
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3.2.2 Fine Textured Glaciolacustrine/Till Deposits

The silty, relatively thin surficial materials deposited above bedrock at the higher elevations to the south and north
of the valley bottom range from 3 to 6 m thick (Bayrock et. al 1980). They generally consist of clayey silt with
minor sand and gravel. The high elevation areas where these deposits occur are characterized by:

m High fines content and low permeability may be below ideal infiltration capacity for stormwater, infiltration, and
septic facilities in some areas; Scheelar and Veauvy (1977) describe the deposits as moderately well-
draining.

= They generally occur on gently to moderately sloping topography.

= The local bedrock depth is variable and the water table is relatively deep, but perched conditions may exist in
some areas.

m  The silty composition of the deposits may make these materials prone to frost heave.

Slopes, moderate drainage and susceptibility to frost heave represent some risk for buildings, roadways,
stormwater or septic facilities, and landfills in certain areas. For recreation sites and agriculture, the areas where
these surficial deposits occur are generally suitable. Cut/fill/levelling would be required in some cases for
expanded residential development. Excavations may be limited by shallow bedrock at higher elevations. Perched
water tables may occur in some locations creating wet conditions and possible need to manage seepage during
and after construction.

3.2.3 Sandy Till (Moraine) Deposits and Colluvium

Sandy till and colluvium deposits occur along the steeper slopes to the north and southwest of the Elbow River
and are of limited extent and occurrence within the Study Area boundaries. These are characterized as sandy
till/morainal veneer deposits consisting of approximately 50% sand. Colluvium occurs at the highest elevations
with a 1.5 to 3 m thickness consisting of rock creep and weathered bedrock material directly above shale,
siltstone, and sandstone bedrock. These deposits:

= Are generally well-drained and of relatively high permeability.
m  Occur on moderate to steep slopes.

= Occur where bedrock is shallow. The water table where these deposits occur is generally deep, but perched
conditions may exist.

The steep slopes and thin deposits above bedrock generally make these areas unsuitable for development,
however, some developments may be sited where slopes are moderate. They may be suitable for limited use for
recreation sites and agriculture. The occurrence of the surficial deposits that characterize these areas are of
limited areal extent in the Hamlet Growth Area and are more common in areas further north and southwest of the
Study Area boundaries.

3.3 Seepage Assessment and Risks Due to Flooding

Groundwater seepage was previously assessed by Amec Foster Wheeler (2017) to estimate potential
underseepage beneath proposed flood berms along the Elbow River, to evaluate the necessary capacity of
proposed drainage systems, and to determine the likelihood and extent of groundwater seepage appearing at
surface in a 1:100-year flood event. Historical borehole and test pit data have been compiled to characterize the
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subsurface and the alluvial aquifer in the area of the Elbow R-river channel and flood plain to re-assess the extent
of flooding due groundwater seepage beneath the flood berms. The previous assessment was based on the

information available at the time from the immediate area and some simplifying assumptions. Here, underseepage
during flood conditions will be reassessed using additional, more up-to-date information and revised assumptions.

It is understood that there have been instances of greater incursion of groundwater in some areas adjacent to the
Elbow River than expected at times during the annual water cycle. This is believed to be partly due to the
presence of the berm which has effectively narrowed and deepened the river channel in some areas, possibly
resulting in higher local rise in the river level than expected during peak flows in spring. In addition, the permeable
sand and gravel deposits are conducive to rapid seepage of flood water through the surficial deposits and under
the berm that can reappear at ground surface.

Groundwater seepage rates and water table displacement were evaluated based on the hydraulic head changes
produced by the expected rise and rate of change in the river level in a 1:100-year flood condition using river and
flood stationing data from Amec Foster Wheeler (2017). The seepage estimates are determined based on one-
dimensional flow in an unconfined aquifer developed by Edelman (1947), as described by Huisman and Olsthoorn
(1983).

The calculations used for seepage estimates are as follows:

u = 0.5*V(Sy/Kb)*(x/t) (1a)
sx = so*erfc(u) (1b)
o = (So/N(TT)) * (V(SY*K*b))*(1A(t))  (1c)
Ex=e-w (1d)
Ox = Qo * E2 (1e)
Where:

Sy = specific yield

K = hydraulic conductivity (m/s)

b = aquifer thickness (m),

x = distance from flood-berm interface (m)

t =time (d)

So = river level rise (3.6 to 4.4 m) and sx = head change at distance x from the interface (L)
go = seepage rate at the interface, and qx = seepage rate at distance x (L3/t)

Some assumptions were made to simplify the analytical calculations:
= The transition to the flood condition is instantaneous and the peak flood persists for up to 3 days.

= The surficial geology consists of a single layer of material, as described above, with a typical thickness
observed in borehole logs of 4.0 m.

m Hydraulic conductivity (K) estimates for the sand/gravel surficial materials in the immediate area range from
5.0 x 105 to 8.5 x 10 m/s, based on particle size and slug test data collected during previous investigations.

= Distances (x) at which water table rise and seepage rates are calculated are relative to the flood/berm
interface which is considered to be located at the stream-side toe of the berm.
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= All seepage flux is assumed to be horizontal and parallel to the plane of section (orthogonal to the river
channel).

The calculations produced multiple estimates of seepage flux and water table displacement for 2D sections
through the river and floodplain area at the selected stationing locations. The calculations were automated using a
spreadsheet. The results were calculated at various time steps, which are within the range that peak flooding
would be expected to persist (approximately three days). Sensitivity of the calculations to uncertainty in
parameters such as hydraulic conductivity and flood duration were assessed as well.

3.31 Results

Table 4 and Figure 9 present the estimated extent of daylighting of groundwater underseepage during flood
conditions and extent of potential impacts to subsurface structures such as basements. The assessment neglects
the potential barrier effects of materials such as road pavements or preferential pathways created by underground
utilities. It also disregards collection and potential infiltration of direct surface precipitation and runoff.

The theoretical seepage calculations and results are included in Appendix C. The analysis indicates that impacts
due to induced groundwater seepage in a 1:100year flood event may propagate between 50 to 100m laterally
from the river channel and berm within a typical flood advance timeframe of 2 to 3 days.

Seepage fluxes in the subsurface at a distance of 50m from the river/berm interface (as calculated from equations
1c to 1e and summarized in Appendix C) are mostly between 8 and 9 m%/d per lateral metre orthogonal to the
direction of flow. Groundwater seepage reaching subsurface structures would represent a significant portion of
these fluxes, depending on the depth/elevation of the structure relative to the water table rise and the
configuration of the structure.

4 CONCLUSIONS

Bedrock aquifers composed of alternating shale and sandstone represent the primary source of domestic
groundwater use in the area. Groundwater yield mapping and recharge estimates indicate that sufficient
groundwater resources capable of providing provincially mandated domestic water volumes appear to exist
across the Study Area; however, due to the complex regional folding and faulting of the bedrock geology, the
depth and continuity of water bearing units may vary widely and productivity of water bearing units also is
expected to vary.

Groundwater quality in bedrock aquifers in the Study Area is of generally acceptable quality and within guidelines
for domestic consumption. Sodium Absorption Ratios in surficial and bedrock aquifers were within a range
suggesting they were suitable for stormwater infiltration facilities and septic fields; however, other site suitability
factors would also need to be favourable. It was also determined that groundwater hardness and carbonate
stability indices indicate that scaling of plumbing and fixtures is a potential problem for new developments, and
water hardness may also be of concern for individuals with health issues related to bones and joints.

Site suitability for new developments is variable across the Hamlet Growth and Expansion Areas, and all areas
have some combination of shallow water tables, shallow bedrock depths, steep slopes, poorly draining surface
soils, and risks of groundwater flooding that may be detrimental to development activities without cut and fill
levelling, raised / pile-supported foundations or other interventions. The most desirable areas for residential
developments are likely in the lowland valley area at distances of greater than 100m from the Elbow River, and in
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parts of the Hamlet Expansion Area (SE V4 Section 12) where soils are well-draining and slopes are relatively
moderate.

An updated assessment of the extent of flooding impacts due to induced groundwater seepage during a 1:100
year flood condition indicate that, provided the flood berms are effective at preventing overland flooding, possible
daylighting of groundwater and basement seepage would be limited to a distance of between 50 and 100 m inland
from the Elbow River flood berm in most areas, assuming direct precipitation and runoff contributions are
relatively minor.

5 DATA GAPS AND RECOMMENDATIONS FOR FURTHER EFFORTS

The most significant data gaps are associated with the subsurface characterization of the Hamlet Expansion Area
in SE-12-23-05 W5M. A field verified water well survey to confirm the existence and location of water wells and
springs in that area should be conducted to provide additional detail to future hydrostratigraphic conceptual
models. Also, a limited drilling programme and/or geophysical survey may be necessary to delineate/confirm the
local stratigraphy, and areal distribution and thickness of fine- and coarse-grained surficial materials.

A number of geotechnical and groundwater monitoring boreholes and instrumentation have been installed in the
past in the Hamlet of Bragg Creek, generally focussed on small areas including a gauging station site, and the
water treatment plant. Data associated with these investigations was collected in various years and times of the
year. It is recommended to conduct a field programme to fill gaps in these existing data sets by completing the
following:

= Borehole drilling to further characterize the geology in the Hamlet Expansion Area.
= Conducting surface geophysical surveys where feasible, to supplement the drilling programme.

= Water level monitoring and in-situ testing for assessment of hydraulic parameters, including slug tests and / or
pumping tests.

Assessment of the extent of flooding impacts may be refined by developing a 2D or 3D numerical surface water-
groundwater model(s) for the area. Such models, in comparison to the analytical calculations described above,
may better incorporate and account for the complexities of area geology, as well as timing of both flood advance
and recession, and inputs from precipitation and runoff.

Installation and testing of water wells in proposed areas of development can be conducted to assess the feasibility
of community or individual household water wells in new residential developments, the capabilities of local
aquifers, and potential impacts on existing groundwater users in adjacent areas.

6 CLOSURE

This report has been prepared for the exclusive use of Rocky View County. Any use which a third party makes of
this report, or any reliance on, or decisions made based on it, are the responsibility of such third parties. WSP
accepts no responsibility for damages suffered by a third party as a result of decisions made or actions taken
based on this report. No other warranty, expressed or implied, is made.

WSP - ISSUED FOR REVIEW 11



July 2025

Signature Page

WSP Canada Inc.

Prepared by:

David Parsons, M.Sc., P.Geol.
Lead Hydrogeologist

Reviewed by:

Alyssa Barker, P.Geo.
Group Manager / Lead Hydrogeologist

NR/AB/AS/jr

Nishat Rahman, B.Sc., G.I.T.
Hydrogeologist in Training

Ali Samadi, P.Eng.
Principal Geotechnical Engineer

WSP - ISSUED FOR REVIEW



July 2025

7 REFERENCES

Alberta Geological Survey. (2024). Sediments and landforms: Moraine, fluvial and glaciolacustrine deposits in
Alberta. Alberta Energy Regulator/AGS.

Alberta Environment - AENV (1996). Environmental Reference Manual for the Review of Subdivisions in Alberta.
Standards and Guidelines Branch, November 1996.

Alberta Environment and Parks (AEP). 2025. Alberta Water Well Information System Database. Available online:
http://groundwater.alberta.ca/WaterWells/.

AMEC Earth and Environmental (AMEC). 2011. Technical Memorandum No. 1: Water Supply and Demand
Management Assessment: Groundwater Component. Jumpingpound Creek Watershed Partnership,
Cochrane, AB. 19 pp.

Amec Foster Wheeler. (2017). Bragg Creek Flood Mitigation Design Report. Submitted to Rocky View County,
June 2017.

Borneuf. D. (1980). Hydrogeology of the Kananaskis Lake Area. Alberta Research Council. Earth Sciences.
Report 79-4.

Huisman, L. and T.N. Olsthoorn. (1983). Artificial Groundwater Recharge. Pittman: London. 320pp.

Lenntech. 2024a. Langelier Saturation Index Calculator.
https://www.lenntech.com/calculators/langelier/index/langelier.htm.

Lenntech. 2024b. Ryznar Stability Index Calculator https://www.lenntech.com/calculators/ryznar/index/ryznar.htm.

Ollerenshaw, N.C. (1978). Geology, Calgary West of Fifth Meridian, Alberta—British Columbia. Geological Survey
of Canada, Map 1457A.

Ozoray, G.F., & Barnes, R.G. (1978). Hydrogeology of the Calgary—Golden area, Alberta. Alberta Research
Council, ARC/AGS Earth Sciences Report 1977-02, 40 p.

Prior, G.J., Hathway, B., Glombick, P.M., Pana, D.I., Banks, C.J., Hay, D.C., Schneider, C.L., Grobe, M., Elgr, R.,
& Weiss, J.A. (2013). Bedrock geology of Alberta. Alberta Energy Regulator, AER/AGS Map 600.

Rutherford, G. (1927). Geology along the Bow River between Cochrane and Kananaskis, Alberta. Research
Council of Alberta, RCA/AHS Report 17, 64 p.

Scheelar, M.D. and C.F. Veauvy. (1977). Detailed Soil Survey of Bragg Creek Area. Alberta Research Council
Open File Report 1977-2. 73 pp. incl. map.

WSP - ISSUED FOR REVIEW 13



July 2025

Limitations of This Report

WSP Canada Inc (“WSP”) prepared this report solely for the use of the intended recipient, Rocky View County, in
accordance with the professional services agreement between the parties.

The report is intended to be used in its entirety. No excerpts may be taken to be representative of the findings in
the assessment. The conclusions presented in this report are based on work performed by trained, professional
and technical staff, in accordance with their reasonable interpretation of current and accepted engineering and
scientific practices at the time the work was performed.

The content and opinions contained in the present report are based on the observations and/or information
available to WSP at the time of preparation, using investigation techniques and engineering analysis methods
consistent with those ordinarily exercised by WSP and other engineering/scientific practitioners working under
similar conditions, and subject to the same time, financial and physical constraints applicable to this project.

WSP disclaims any obligation to update this report if, after the date of this report, any conditions appear to differ
significantly from those presented in this report; however, WSP reserves the right to amend or supplement this
report based on additional information, documentation, or evidence.

WSP makes no other representations whatsoever concerning the legal significance of its findings.

The intended recipient is solely responsible for the disclosure of any information contained in this report. If a third
party makes use of, relies on, or makes decisions in accordance with this report, said third party is solely
responsible for such use, reliance or decisions. WSP does not accept responsibility for damages, if any, suffered
by any third party as a result of decisions made or actions taken by said third party based on this report.’

WSP has provided services to the intended recipient in accordance with the professional services agreement
between the parties and in a manner consistent with that degree of care, skill and diligence normally provided by
members of the same profession performing the same or comparable services in respect of projects of a similar
nature in similar circumstances. It is understood and agreed by WSP and the recipient of this report that WSP
provides no warranty, express or implied, of any kind. Without limiting the generality of the foregoing, it is agreed
and understood by WSP and the recipient of this report that WSP makes no representation or warranty
whatsoever as to the sufficiency of its scope of work for the purpose sought by the recipient of this report.

In preparing this report, WSP has relied in good faith on information provided by others, as noted in the report.
WSP has reasonably assumed that the information provided is correct and WSP is not responsible for the
accuracy or completeness of such information. Benchmark and elevations used in this report are primarily to
establish relative elevation differences between the specific testing and/or sampling locations and should not be
used for other purposes, such as grading, excavating, construction, planning, development, etc.

" Approval of this document is an administrative function indicating readiness for release and does not impart legal liability on to the Approver
for any technical content contained herein. Technical accuracy and fit-for-purpose of this content is obtained through the review
process. The Approver shall ensure the applicable review process has occurred prior to signing the document.
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Design recommendations given in this report are applicable only to the project and areas as described in the text
and then only if constructed in accordance with the details stated in this report. The comments made in this report
on potential construction issues and possible methods are intended only for the guidance of the designer. The
number of testing and/or sampling locations may not be sufficient to determine all the factors that may affect
construction methods and costs. We accept no responsibility for any decisions made or actions taken as a result
of this report unless we are specifically advised of and participate in such action, in which case our responsibility
will be as agreed to at that time.

Overall conditions can only be extrapolated to an undefined limited area around these testing and sampling
locations. The conditions that WSP interprets to exist between testing and sampling points may differ from those
that actually exist. The accuracy of any extrapolation and interpretation beyond the sampling locations will depend
on natural conditions, the history of Site development and changes through construction and other activities. In
addition, analysis has been carried out for the identified chemical and physical parameters only, and it should not
be inferred that other chemical species or physical conditions are not present. WSP cannot warrant against
undiscovered environmental liabilities or adverse impacts off-Site.

The original of this digital file will be kept by WSP for a period of not less than 11 years. As the digital file
transmitted to the intended recipient is no longer under the control of WSP, its integrity cannot be assured. As
such, WSP does not guarantee any modifications made to this digital file subsequent to its transmission to the
intended recipient.

This limitations statement is considered an integral part of this report.
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Table 1: Well Records - Domestic

Total Static

; . Test Test Outer Well
Date Drilled Listed Well Water .
Well ID Landowner Rate Rate Diameter
Completed Depth Type Level (L/min) (m3/day) (cm)
(MGL) (m) Y
Surficial
341415 HERRON EST 1998-06-08 12.19 Test Hole- 2.83 9.09 13.09 0.00
Decommissioned
341416 HERRON EST 1998-06-08 12.19 Test Hole- 2.65 1.14 1.64 0.00
Decommissioned
349515 MERRITT, CARL 1987-02-09 12.19 Deepened 3.05 2.27 3.27 16.81
ARCHER,
357782 CAREN/STEVE 1987-07-29 17.07 New Well 2.44 13.64 19.64 16.81
359886 THOMPSON, AL 1991-07-16 13.11 New Well 2.44 54.55 78.55 16.81
364932 GLASSFORD, AR. 1992-05-14 15.24 New Well 10.97 36.37 52.37 16.81
379701 BUMSTEAD, BRIAN 1995-10-18 13.41 New Well 3.51 9.09 13.09 16.81
387456 MCARUTHER, 1966-09-07 5.18 New Well 1.52 113.65 163.66 15.57
JAMES
387458 GRAVES, G. 1968-06-11 16.76 New Well 1.22 2.27 3.27 0.00
387459 ELSDON 1977-07-05 17.07 New Well 3.35 9.09 13.09 17.78
387464 COCKING, JIM 1981-11-02 12.50 New Well 4.57 43.19 62.19 14.12
387504 EARLY, JOHN 1975-06-11 12.19 New Well 2.74 18.18 26.18 13.97
387508 BISHOP, ROBIN 1969-09-01 6.71 New Well- 1.83 45.46 65.46 12.70
Decommissioned
387510 CHALLICE, C. 1972-06-01 11.89 New Well 6.10 13.64 19.64 0.00
387511 B&G CONSTR 1972-11-01 9.14 New Well 2.44 90.92 130.92 15.24
387519 NEWLANDS, B. 1974-11-04 9.14 New Well 0.00 22.73 32.73 16.84
387520 KUNES, VUCLAV 1975-06-21 12.80 New Well 3.05 31.82 45.82 11.43
387625 RICHTER, PAUL 1974-01-01 10.06 New Well 3.05 455 6.55 15.88
387626 GRAHAM, E. 1970-11-01 11.28 New Well 4.88 45.46 65.46 0.00
387627 TEGHFI(';"BEYER' 1975-02-24 9.45 New Well 3.35 68.19 98.19 0.00
387633 KOGMA, J. 1971-04-01 8.84 New Well 3.35 113.65 163.66 12.40
387635 JONES, COLIN 1970-11-01 6.40 New Well 3.66 27.28 39.28 15.24
418094 RIDLEY, HAROLD 1974-05-27 12.19 New Well 2.44 6.82 9.82 15.24
Bedrock
DALRYMPLE,
341256 LORNE #3832 1999-09-03 50.29 New Well 11.49 9.09 13.09 16.81
341491 FRENCH, KIM #3696 1999-03-31 24.38 New Well 11.89 22.73 32.73 16.81
349187 | RUBEN, P. PALMER 1992-11-17 30.48 New Well- 10.67 6.82 9.82 16.81
K. Decommissioned
349188 RUBEN F}ZPALMER 1992-11-23 19.81 New Well 9.75 18.18 26.18 16.81
CARRUTHERS,
349754 BARRY 2673 1995-05-17 29.57 New Well 0.00 13.64 19.64 16.81
349764 AVEFgégéJSAN 1995-06-05 27.43 New Well 2.53 10.68 15.38 16.81
349765 AVE'géSgSAN 1995-06-01 28.04 New Well 9.36 18.18 26.18 16.81
HARE,RICHARD
349769 49723 SITE 3 1995-06-29 32.00 New Well 19.29 36.37 52.37 16.81
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Table 1: Well Records - Domestic

Total Static

Well ID Landowner LI itz size il HOELED ;Zf; -Rl;zite O[)ui;?rru\e/:/:r”

Completed Depth Type Level (L/min) (m3/day) (cm)
(mGL) (m)

349817 HARR#Z%'&HARD 1995-06-15 36.58 New Well 22.40 9.09 13.09 16.81
349818 HARE, RICHARD 1995-07-28 33.53 New Well 20.70 22.73 32.73 16.81
351846 MCCLOY, TERRY 1990-07-07 32.00 New Well 12.19 9.09 13.09 14.12
352206 EAGER, ALAN 1990-09-18 44.20 New Well 3.05 13.64 19.64 16.81
357974 SHOULTS, IDA# 1991-05-27 32.00 New Well 3.05 18.18 26.18 16.81
364931 GLASSFORD, AR. 1992-06-05 18.90 New Well 11.58 27.28 39.28 16.81
387390 KLEIBER, W. 1970-11-01 19.81 New Well 4.88 7.96 11.46 16.51
NEUFELD, VIC 1974-11-07 50.90 Deepened 17.98 9.09 13.09 15.88
se7392 NEUFELD, VIC 1974-11-07 50.90 Deepened 27.13 45.46 65.46 15.88
387395 ALBERTSON 1968-06-06 28.96 New Well 10.36 13.64 19.64 13.97
387457 MCKEAGUE, D. 1967-09-08 36.58 Deepened 6.10 227 3.27 0.00
387463 KABATOFF, ALEX 1979-07-31 33.53 New Well 3.05 227 3.27 14.12
387490 | KELLY, LAWRENCE 1976-07-03 18.29 New Well 1.98 13.64 19.64 17.78
387503 LOVE, H.G. 1968-06-04 18.29 New Well 3.05 455 6.55 15.24
387509 BISHOP, ROBIN 1969-09-01 21.34 New Well 213 45.46 65.46 12.70
387514 MCLENNAN, BOB 1977-03-07 34.75 New Well 13.72 455 6.55 14.12
387515 BRAUN, ERV 1976-07-06 25.91 New Well 4.88 10.23 14.73 14.12
387517 TRAVIS, STEVE 1979-07-08 21.34 New Well 457 45.46 65.46 14.12
387521 M aNoLD 1985-05-28 30.18 New Well 427 18.18 26.18 16.84
387501 ARCHER, STEVE 1987-07-28 28.96 Test Hole 244 455 6.55 16.84
387607 PEARMAIN, KEITH 1975-03-04 31.09 New Well 2.80 18.18 26.18 0.00
387617 DICK, LEO 1975-02-26 21.34 New Well 2.44 45.46 65.46 14.12
387628 WRATHALL, G.M. 1967-09-20 21.34 New Well 274 227 3.27 16.84
387631 BLAKLY, W.E. 1971-06-01 34.14 New Well 14.33 90.92 130.92 13.16
387645 RS SRl 1981-02-01 28.04 New Well 3.66 227 3.27 0.00
390232 LERNER, DENNIS 1968-06-21 29.26 New Well 3.35 9.09 13.09 0.00
458941 Cl:iglliSLFEiggéS 2001-10-10 36.58 Deepened 3.35 227 3.27 16.81
491217 DEAN, DON 1998-07-14 24.38 New Well 1,52 90.92 130.92 16.81
1020214 RENAUD, ALAIN 1998-09-30 30.48 New Well 2.41 11.37 16.37 16.81
1021522 | MCKEAGUE, DOUG 2007-08-07 49.68 New Well 0.00 18.18 26.18 16.81
1611155 FRENCH, KIM 2022-09-05 28.96 New Well 11.40 34.10 49.10 16.84
2066214 MACALLISTER, 2018-10-25 53.34 New Well 232 27.28 39.28 16.83
9546320 MINTY, DEV 2017-09-03 41.15 New Well 283 6.82 9.82 16.81
350053 MCHUGH, DAN 2016-08-30 89.92 Deepened 51.82 227 3.27 16.84
350053 EATON, LES #3359 1998-01-30 67.06 New Well 12.59 9.09 13.09 16.81
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Table 1: Well Records - Domestic

Total Static
Date Drilled Listed Well Water Test Test Ou_ter Well
Well ID Landowner Rate Rate Diameter
Completed Depth Type Level (L/min) (m3/day) (cm)
(MGL) (m) Y
350053 MCHUGH, DAN 2007-09-10 71.63 Deepened 19.81 1.14 1.64 16.81
1022750 WAKEE?'FE% DAVE 2016-05-24 65.53 New Well 16.52 455 6.55 16.84

Table 2: Well Records - Miscellaneous

Total Listed Static Test Test Outer
well ID Landowner Date Drilled Well /  Water Rate Rate Well
Completed | Depth Record Level . 3 Diameter
(L/min) (m3/day)
(mGL) Type (m) (cm)
Surficial
387504 EARLY, JOHN 1975-06-11 12.19 New Well 2.74 18.18 26.18 13.97
KLINE,
387623 ROGER 1967-09-11 9.14 New Well 3.35 - 0.00 16.84
387633 KOGMA, J. 1971-04-01 8.84 New Well 3.35 113.65 163.66 12.40
REID,
CROWTHER & )
465414 PARTNERS - 0.00 Spring - - 0.00 0.00
LTD

ELKANA

387455 RANCH LTD 1966-06-15 48.77 Dry Hole - - 0.00 12.70

387512 '\DACKKEAQUE’ 1981-07-08 48.77 Dry Hole - - 0.00 0.00
ARCHER,

387591 STEVE #1 1987-07-28 28.96 Test Hole 2.44 4.55 6.55 16.84

387615 SHLAHT, ALF 1973-07-01 33.22 Dry Hole - - 0.00 0.00
MASCH, Well

2095057 KLAUS 1961-07-01 21.34 Inventory 21.34 - 0.00 -

mGL = metres below ground level
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Table 3: Water Licences

Diversion Diversion .
: .. : . Allocation
Allocation # Priority Licensee Purpose Quantity Rate
(m3/day)

10751 1981-01-19-0001 Wintergreen Woods Recreation 201,060 4924.8 Surface Water
Water Utility Ltd.

13959 1976-07-30-0002 Rocky View County Municipal 39,470 1382.4 Surface Water

14981 1974-08-20-0002 Elkana Residents Water Municipal 86,350 172.8 Surface Water

Co-op Limited
201198 2009-08-17-0002 Elkana Residents Water Municipal 0 864 Surface Water
Co-op Limited

16120 1981-04-10-0003 Bavarian Inn Recreation 1,230 0.65 Groundwater

230328 1969-05-16-0001 Alberta Environmentand | - .0 ment Holdback 617 86.4 Surface Water
Portected Areas

237535 2009-08-17-0002 | Alberta Environmentand | 5 000 ent Holdback 0 0 Surface Water
Portected Areas

Alberta Environment and

237537 1974-08-20-0002 Portected Areas Government Holdback 0 0 Surface Water

DRALOC0011584 2009-08-17-0002 Rocky View County Municipal 0 864 Surface Water

DRALOC0015195 198104210001 | &S Barbecue . Commercial 18,500 86.4 Surface Water

DRALOC0015910 1964-10-21-0002 Rocky View County Water Management 0 0 Surface Water
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Table 4: Estimated Extent of EIbow River Flood Impacts (1:100 year event).

River Non-Flood Risein Ground Distance (x) Phreatic Surface Elevation at ‘x’ (masl)
Surface From River Base Case Sensitivity Analysis

Centerline River River Level

Stationing Level —1:100 year E(Irivaastlicin Inlt:é?foac::e K =8.0x 10" m/s, }i‘g";’iz 5_4 Less time
(Figure 9) (masl) flood (m) approx.) (m) S,=0.2,t=3d ms (t=2d)

10 1310.96 - 1310.89

50 1309.71 - 1309.40

100 1308.53 - 1308.17
10+150 1307.5 3.8 1323

150 1307.87 - 1307.66

200 1307.60 - 1307.52

300 1307.50 - 1307.50

10 1306.92 1306.25 1306.84

50 1305.50 1303.51 1305.15

100 1304.17 1303.01 1303.76
10+700 1303 4.3 1306

150 1303.42 1303 1303.18

200 1303.12 1303 1303.03

300 1303.00 1303 1303

10 1305.24 1304.60 -

50 1303.89 1301.99 -

100 1302.61 1301.51 -
11+000 1301.5 4.1 1305

150 1301.90 1301.50 -

200 1301.61 1301.50 -

300 1301.50 1301.50 -

10 1300.87 - -

50 1299.65 - -

100 1298.50 - -
11+550 1297.5 3.7 1302

150 1297.86 - -

200 1297.60 - -

300 1297.50 - -

10 1296.65 - -

50 1295.33 - -

100 1294.08 - -
12+100 1293 4.0 1297.5

150 1293.39 - -

200 1293.11 - -

300 1293.00 - -

10 1294.51 - -

50 1293.06 - -
12+450 1290.5 4.4 1294.5

100 1291.69 - -

150 1290.93 - -
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River Non-Flood Risein Ground Distance (x) Phreatic Surface Elevation at ‘x’ (masl)

Centerline River River Level Eslg\:]:tlfoen FroFr:woS(ijver Base Case Lien:rit}ivity EWSS
N . _ : w ;
Stationing Level —1:100 year (masl — Interface K-ii.Ox 10_4 m/s, K=1x10 Less time
(Figure 9) (masl) flood (m) S,=0.2,t=3d ms (t=2d)
200 1290.62 - -
300 1290.50 - -
10 1290.93 - -
50 1289.54 - -
100 1288.24 - -
12+800 1287.1 4.2 1290.5
150 1287.51 - -
200 1287.21 - -
300 1287.10 - -

Note: bold type = water table rise at or near ground surface (within 2.2m bgs) at given distance, x.

WSP - ISSUED FOR REVIEW



July 2025 CA0048988.7843

FIGURES

Figure 1: Project Location

Figure 2: Bedrock and Surficial Geology

Figure 3: Airphoto Borehole Plan

Figure 4: Cross-Section A-A’

Figure 5: Cross-Section B-B’

Figure 6: Cross-Section C-C’

Figure 7: Groundwater Wells — Recommended Rates
Figure 8: Piper Plot — Shallow and Bedrock Aquifers

Figure 9: Groundwater Seepage Assessment - 1:100 Year Flood
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Reconnaissance Report View in Imperial
Export to Excel

Please click the water Well ID to generate the Water Well Drilling Report.

DATE DEPTH
DRILLING COMPANY COMPLETED | (m) | TYPE OF WORK LT PT
5

Groundwater Wells

341256 SE 12 23 5 5] AARON DRILLING INC. 1999-09-03 50.29 New Well Domestic 11 DALRYMPLE, LORNE 9.09 16.81
#3832
341415 SE 13 28 5 5 AARON DRILLING INC. 1998-06-08 12.19 Test Hole- Domestic 4 HERRON EST 2.83 9.09 0.00
Decommissioned
341416 SE 13 23 5 5 AARON DRILLING INC. 1998-06-08 12.19 Test Hole- Domestic 6 HERRON EST 2.65 114 0.00
Decommissioned
341491 NE 12 23 S 5 AARON DRILLING INC. 1999-03-31 24.38 New Well Domestic 9 6 FRENCH, KIM #3696 11.89 22.73 16.81
349187 NE 12 23 5 5 AARON DRILLING INC. 1992-11-17 30.48 New Well- Domestic 6 RUBEN, P. PALMER K. 10.67 6.82 16.81
Decommissioned
349188 NE 12 23 5} 5] AARON DRILLING INC. 1992-11-23 19.81 New Well Domestic 7 RUBEN P/PALMER K. 9.75 18.18 16.81
349188 NE 12 23 5 5 AARON DRILLING INC. 1992-11-23 19.81 New Well Domestic 7 7 RUBEN P/PALMER K. 9.75 18.18 16.81
349241 SE 13 28 5 5 AARON DRILLING INC. 1988-07-13 30.48 New Well- Domestic 3 DON JOY MGMT 0.00
Decommissioned
349515 NE 12 23 5 5 AARON DRILLING INC. 1987-02-09 12.19 Deepened Domestic 2 MERRITT, CARL 3.05 2.27 16.81
349754 SE 13 23 5 5] AARON DRILLING INC. 1995-05-17 29.57 New Well Domestic 7 33 CARRUTHERS, BARRY 0.00 13.64 16.81
2673
349764 SE 12 23 5 5 AARON DRILLING INC. 1995-06-05 27.43 New Well Domestic 5 16 AVERY, SUSAN #2698 2.53 10.68 16.81
349765 SE 12 23 5 5] AARON DRILLING INC. 1995-06-01 28.04 New Well Domestic 6 40 AVERY, SUSAN #2695 9.36 18.18 16.81
349769 SE 12 23 5 5] AARON DRILLING INC. 1995-06-29 32.00 New Well Domestic 7 40 HARE,RICHARD #2723 19.29 36.37 16.81
SITE3
349817 SE 12 23 5 5] AARON DRILLING INC. 1995-06-15 36.58 New Well Domestic 14 16 HARR, RICHARD #2680 22.40 9.09 16.81
349818 SE 12 23 5} 5 AARON DRILLING INC. 1995-07-28 33.53 New Well Domestic 7 10 HARE, RICHARD #2747 20.70 22.73 16.81
349819 SE 12 23 5 5 AARON DRILLING INC. 1995-07-31 45.72 New Well- Domestic 7 HARE,RICHARD #2733 21.03 16.81
Decommissioned
349820 SE 12 23 5} 5] AARON DRILLING INC. 1995-07-31 45.72 New Well- Domestic 6 HARE, RICHARD #2716 16.81
Decommissioned
349936 SE 13 23 5 5 AARON DRILLING INC. 1996-09-09 45.72 New Well- Domestic 7 MOON, TOM #TH1 0.00 0.00
Decommissioned
350053 SE 13 23 5 5 AARON DRILLING INC. 2016-08-30 89.92 Deepened Domestic 6 18 MCHUGH, DAN 51.82 2.27 16.84
350053 SE 13 23 5 5 AARON DRILLING INC. 1998-01-30  67.06 New Well Domestic 2 13 EATON, LES #3359 12.59 9.09 16.81
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Reconnaissance Report View in Imperial

Export to Excel

STATIC | TEST
<;1c WeII DATE DEPTH LEVEL | RATE [SC_DIA
LSD | SEC [ TWP | RGE | M DRILLING COMPANY COMPLETED | (m) | TYPE OF WORK 3 CHM WELL OWNER (m) |(L/min)| (cm)

Toms n w5 5 weowminew | owbo neoeee  oms 1 dwwsiow EECEEE T

DEL'S DRILLING 1974-11-07 50.90 Deepened Domestic NEUFELD, VIC

DEL'S DRILLING 1974-11-07 50.90 Deepened Domestic NEUFELD, VIC
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Reconnaissance Report View in Imperial

Export to Excel

STATIC | TEST
GIC Well DATE DEPTH LEVEL RATE | SC_DIA
ID LSD | SEC | TWP | RGE M DRILLING COMPANY COMPLETED QD) TYPE OF WORK USE CHM | LT WELL OWNER (m) (L/min) (cm)

s s s wsous mows amoyws i wwwwews | uw

DEL'S DRILLING 1979-06-27 18.29 Dry Hole Domestic PAREL, A.J.

387462 NW DEL'S DRILLING 1979-06-28 27.43 Dry Hole Domestic KABATOFF, ALEC
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Reconnaissance Report View in Imperial

Export to Excel

STATIC | TEST
GIC Well DATE DEPTH LEVEL RATE | SC_DIA
ID LSD | SEC | TWP | RGE M DRILLING COMPANY COMPLETED QD) TYPE OF WORK USE CHM | LT WELL OWNER (m) (L/min) (cm)
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Reconnaissance Report View in Imperial

Export to Excel

STATIC | TEST
GIC Well DATE DEPTH LEVEL RATE | SC_DIA
ID LSD | SEC | TWP | RGE M DRILLING COMPANY COMPLETED QD) TYPE OF WORK USE CHM | LT WELL OWNER (m) (L/min) (cm)

DEL'S DRILLING 1981-07-08 48.77 Dry Hole MCKEAQUE, D.K.
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Reconnaissance Report View in Imperial

Export to Excel

STATIC | TEST
GIC Well DATE DEPTH LEVEL RATE | SC_DIA
ID LSD | SEC | TWP | RGE M DRILLING COMPANY COMPLETED QD) TYPE OF WORK USE CHM | LT WELL OWNER (m) (L/min) (cm)

L mmailNe [z (25 s s [KRIEGER DRILNG L. grors|  zegsltesiie oeseraton| | 8] Jcenstve ] 2] 4ss| st
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Reconnaissance Report View in Imperial

Export to Excel

STATIC | TEST
GIC Well DATE DEPTH LEVEL RATE | SC_DIA
ID LSD | SEC | TWP | RGE M DRILLING COMPANY COMPLETED QD) TYPE OF WORK USE CHM | LT WELL OWNER (m) (L/min) (cm)
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Reconnaissance Report View in Imperial

Export to Excel

STATIC | TEST
GIC Well DATE DEPTH LEVEL RATE | SC_DIA
ID LSD | SEC | TWP | RGE M DRILLING COMPANY COMPLETED QD) TYPE OF WORK USE CHM | LT WELL OWNER (m) (L/min) (cm)

1 3 AARON DRILLING INC. 200: 0 Deepened Domestic HOLSCHUH, 27 16.81
CHARLIE#3338
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Reconnaissance Report View in Imperial
Export to Excel

DATE DEPTH
DRILLING COMPANY COMPLETED | (m) | TYPE OF WORK LT PT WELL OWNER

499358 NW 12 23 5 5 ALKEN BASIN DRILLING LTD. 2001-08-28 30.48 Test Hole- Domestic 2 ODELL, RANDY 0.00
Decommissioned
499359 NW 12 23 5 5 ALKEN BASIN DRILLING LTD. 2001-08-28 60.96 Test Hole- Domestic 3 ODELL, RANDY 0.00
Decommissioned
1020214 1 13 23 5 5 DEL'S REGIONAL DRILLING 1998-09-30 30.48 New Well Domestic 5 2 RENAUD, ALAIN 2.41 11.37 16.81
1020215 SE 13 23 5 5 AARON DRILLING INC. 2005-07-26 30.48 Existing Well- Domestic 1 DOMANIC OILFIELD SERV 2.44
Decommissioned
1021522 NW 12 23 5 5 AARON DRILLING INC. 2007-08-07 49.68 New Well Domestic 20 13 MCKEAGUE, DOUG 0.00 18.18 16.81
1022408 15 12 23 5 5 AARON DRILLING INC. 2014-02-10 Existing Well- Unknown SHEPERD, BILL 16.81
Decommissioned
1022750 9 13 23 5 5 AARON DRILLING INC. 2016-05-24 65.53 New Well Domestic 19 7 WAKEFIELD, DAVE & IRIS 16.52 4.55 16.84
1022840 9 13 23 5 5 AARON DRILLING INC. 2016-11-13 149.96 Dry Hole- Unknown 21 LENNOX, PAIGE
Decommissioned
1023283 16 12 23 5 5 AARON DRILLING INC. Existing Well- Unknown KING MAKER
Decommissioned DEVELOPMENTS
1023312 15 12 23 5 5 AARON DRILLING INC. Existing Well- Unknown KINGMAKER
Decommissioned DEVELOPMENTS
1023313 16 12 23 5} 5 AARON DRILLING INC. Existing Well- Unknown KINGMAKER
Decommissioned DEVELOPMENTS
1023314 SE 12 23 5 5 AARON DRILLING INC. Existing Well- Unknown KING MAKER
Decommissioned DEVELOPMENTS
1023374 16 12 23 5 5 AARON DRILLING INC. Existing Well- Unknown KING MAKER
Decommissioned DEVELOPMENTS
1115227 NW 12 23 5 5 BAKER WATER WELLS 2011-09-22 10.67 Dry Hole- Domestic 4 RIVERSIDE CHATEAU
Decommissioned
1611155 16 12 23 5 5 PETER NIEMANS WATER WELL 2022-09-05 28.96 New Well Domestic 6 26 FRENCH, KIM 11.40 34.10 16.84
DRILLING
2066214 14 12 23 5 5] WELL DONE WATERWELLS INC. 2018-10-25 53.34 New Well Domestic 6 26 MACALLISTER, EDITH 2.32 27.28 16.83
2095057 SE 12 23 5 5 UNKNOWNDRILLINGCOMP11 1961-07-01 21.34 Well Inventory Domestic & 1 MASCH, KLAUS 21.34
Stock
2096008 NE 12 23 5 5 UNKNOWNDRILLINGCOMP11 3.66 Well Inventory Domestic 1 MCAUTHUR, ARNOLD G.
9546320 14 12 23 5 5 AQUACLEAR DRILLING INC. 2017-09-03 41.15 New Well Domestic 7 18 MINTY, DEV 2.83 6.82 16.81
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Appendix B - Groundwater Chemistry 2001-2004
WellDepth Alkalinity Bicarbona' Calcium

samplelD
T017733
017619
T017670
031474
TO00015
T002890
T017584
T017624
T023258
T024061
031534

Date Source
28-Aug-02 Well
7-0ct-02 Well
6-Mar-03 Well
8-Jan-04 Well
10-Feb-02 Well
16-Jul-02 Well
25-Nov-02 Well
4-Dec-02 Well
24-Jan-03 Well
8-May-03 Well
24-Feb-04 Well

100
45

304.4
350.9
3112
276.3
240.1
377.2
304.1
318.1
354.5
3587
267.1

3713
428.1
379.7
3371
292.9
460.2

371
354.4

406
4376
325.9

91.37
1131
119.9
160.1
31
1253
80.98
14.9
18.02
86.61
120.47

Carbonate Chloride

0
0
0
0
0
0
0
16.5
13

0
0

133
102.1
199
292.8
234
6
47
21
115
229
108

Conductivity Fluoride

602
1045
843
1544
679
955
766
615
709
732
1048

0.1
0.2
0.4
0.2
03
0.2
0.08
19
1
0.8
0.3

Hardness Hydroxide Magnesium Nitrate

310.55
371.52
41832
550.57

10.83
427.73
287.99

60.97

85.12
321.97
397.55

0

coooocoococooo

20.01
21.64
28.88
36.62

0.75
27.89
20.83

5.77

9.74
25.67
23.49

15
3.4
0.1

Nitrite

coooocoocoocoo

pH

7.73
7.93
8.08
8.16
8.14
7.95
8.11
8.63
8.52
8.03
8.04

Potassium Iron

141
4.5
1.67
1238
0.15
2.26
1.07
0.81
0.77
1.68
3.22

0.18
0.22
0.05
0.0078
011
0
0.98
0.5
0.03
0.61
0.2

Sodium

6.62
62.67
2173
81.95
163.5
3471
46.19
126.7
1322

303
56.61

Sulfate
146
346

1135
30.4
79.5
67.9
27.8
10.8
24.1
16.8
62.8

DS
331.46
552.69
492.76
780.16
414.82
532.52
406.36
354.29
409.98
400.01
544.43

Latitude
50.943148
50.943148
50.943148
50.943148
50.957696
50.957696
50.957696
50.957696
50.957696
50.957696
50.957696

Longitude  STRM
-114.571721 S12T23RSMS
-114.571721 $12T23RSMS
-114.571721 S12T23RSMS5
-114.571721 $12T23RSMS
-114.571717 S13T23RSMS
-114.571717 S13T23R5MS
-114.571717 S13T23R5MS
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS
-114.571717 $13T23RSMS



Appendix B - Groundwater Quality - 2004-2006
WellDepth Alkalinity Bicarbonate Calcium  Carbonate Chioride

samplelD
T041651
050758
T047230
052549
T062871
T063518
075388
T031598
1053923
T063552
T064199
T063790

Date Source
30-Apr-04 Well
3-Nov-04 Well
3-Jun-05 Well
21-Sep-05 Well
24-Nov-05 Well
16-0ct-06 Well
7-Nov-06 Well
18-May-04 Well
23-Aug-05 Well
3-Apr-06 Well
3-Apr-06 Well
11-Jun-06 Well

306.5
2332
259.1
379.4
2716
384.5
268.8
359.4
309.1
294.8
298.8

353

3739
2845
316.1
462.8
327.7
469.1

298
4385
344.4
359.7
364.5
430.6

1123
80.85
109.1
105.1
42.65
32.69
79.57
114.1
25.61
418.6
84.39
117.7

0

0

0

0
18
0
14.8

16.1
0

60.5
24.6
157.1
108.2
28.6
87.1
1
58.4
4.5
1507.5
63

a4

Conductivity Fluoride

822
594
1072
1102
595
1043
503
901
600
5280
800
872

0.2
0.2
0.2
0.1
03
0.5
0.2
0.7
0.5
0.1
0.1
01

Hardness Hydroxide Magnesium Nitrate

372.86
281.36
382.95
348.91
161.1
127.62
276.93
430.97
117.4
1523.76
297.74
405.12

0

cocoooooocooo

2245
193
26.84
21
13.26
1117
19
35.47
12.98
1162
2113
27.01

0.3
0.3
41
37
-0.23
-0.23
-0.23
-0.23
-0.23
-0.23
-0.23
13

Nitrite
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03

0.1
-0.03

pH

82
8.01
8.23
8.02

83

8.1
8.56
8.06

86
8.06
8.12
8.11

Potassium Iron
1.64
121
2.57
4.42
0.86
1.09

11
143
7.66
5.64
132
2.55

Sodium

315
15.71
51.56
95.18
69.42
201.1

6.79
25.92

88.4
4718
51.12
29.18

Sulfate
414
46.4
30.6
229

8.6
249
126
46.4
14.4

1143
225
483

DS
454.14
328.46
537.58
588.21
326.63
589.31
281.56
498.09
339.57

2810.93
422.96
482

Latitude
50.943148
50.943148
50.943148
50.943148
50.943148
50.943148
50.943148
50.957696
50.957696
50.957696
50.957696
50.957696

Longitude  STRM
-114.571721 S12T23RSMS5
-114.571721 S12T23RSMS
-114.571721 S12T23RSMS5
-114.571721 S12T23RSMS
-114.571721 S12T23RSMS
-114.571721 S12T23RSMS5
-114.571721 S12T23R5MS
-114.571717 S13T23RSMS5
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS5
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS



Appendix B - Groundwater Chemistry - 2007 2009

samplelD
T075430
082730
T086275
053999
T086274
1098724
T098851
T085844
079835
T082518
085843
T065070
T075414

Date Source
23-Jan-07 Well
28-Jan-08 Well
16-Apr-08 Well
23-Apr-08 Well
27-May-08 Well
14-Nov-08 Well
22-Jan-09 Well
13-May-09 Well

3-Jun-07 Well
6-Sep-07 Well
8-Feb-08 Well
16-Jun-08 Well
11-Aug-09 Well

WellDepth Alkalinity Bicarbonate Calcium

268.4
268.1
254.8
3237
187.8
320.7
328.7
272.5
292.1
350.1
3793
389.8
364.8

3275
327.1
3108
394.9
229.1
3913

401
332.4
356.4
427.1
462.7
475.6
445.1

79.48
184.4
80.05
105.5
57.66
105.2
153.7
1155
80.97
141.2
122.8
54.73
91.46

Carbonate Chloride

0

©cocooooocoocoooo

11
299
8.7
10.4
5
64.7
521
114
-1
40
56.2
80
10.9

Conductivit Fluoride

531
1193
546
640
403
847
2280
889
611
919
918
974
711

0.2
0.2
0.2
0.1
0.2
0.4
0.3
0.3
0.9
0.1
0.1
0.2
0.8

Hardness Hydroxide Magnesium Nitrate

273.7
637.31
280.97
355.96
202.95
350.93
519.64
379.91
296.03
477.15
409.09
206.46
32931

0

ococooocoocoococoo

18.27
42.95
19.69
2247
14.32
2143
32.99
2222
22.79
30.25
24.88
16.95
24.51

-0.23
17
-0.23
0.5
-0.23
2.4
9.7

1
-0.23
15
-0.23
-0.23
0.3

Nitrite
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03

pH

7.66
8.08
8.04
8.15
8.06
7.84
8.14
825

79
8.14
8.26
8.14
8.14

Potassium Iron
123
3.38
0.67
2.03
0.55

5.5
5.14
1.68
1.43
2.67
3.59
0.74
153

-0.01
-0.01
-0.01
0.02
-0.01
29
-0.01
-0.01
0.02
0.03
0.03
0.01
0.13

Sodium

7.01
22.89
821
5.91
4.8
45.2
257.7
40.54
1347
39.88
30.35
150
25.91

Sulfate

18.3
348.7
265
10
15.9
243
386
246
36.6
76.4
254
-1

22

DS
286.57
795.01
296.94
351.08
21118
461.55

1216.33
483.29
33179
542.04
491.01

537.1
396.29

Latitude
50.943148
50.943148
50.943148
50.943148
50.943148
50.943148
50.943148
50.943148
50.957696
50.957696
50.957696
50.957696
50.957696

Longitude  STRM
-114.571721 S12T23RSMS5
-114.571721 $12T23RSMS
-114.571721 S12T23RSMS5
-114.571721 $12T23RSMS
-114.571721 S12T23RSMS
-114.571721 $12T23RSMS
-114.571721 S12T23R5MS
-114.571721 S12T23RSMS
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS5
-114.571717 $13T23RSMS
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS



Appendix B - Groundwater Chemistry - 2010-2012

samplelD
T107478
T115396
T110532
T125625
T125568
T115440
T115386
T119002
T115382
T109243
T126753

Date Source
11an-10 Well
10-May-10 Well
27-May-10 Well
15-Nov-10 Well
14-Mar-11 Well
13-Apr-11 Well
18-Apr-11 Well
20-Apr-11 Well
21-May-11 Well
10-Jun-11 Well
12-Jun-12 Well

WellDepth Alkalinity Bicarbonate Calcium

267.3

336
284.8
236.8

305
313.4
2824

357
228.8
267.5
161.5

326.2
385.6
347.4
288.9
3721
382.4
3445
416.6
279.1
3263
194.4

126.5
3535
7738

67.3
92.11
97.96
79.19

-0.1
50.42

90.9
58.63

Carbonate Chloride

0
12

©
woowooooo

209.5
6.2
7.5

139
90.1
224
11
7.2
15.7
7
13

Conductivit' Fluoride

0.2
0.5
0.7

1290
621
634
506
856
656
621
704
511
793
383

Hardness Hydroxide Magnesium Nitrate

421.09
151.64
305.97
254.69
327.72
33211
310.98
033
170.62
326.8
208.52

0

coooocococooo

25.55
15.39
27.38
21.04
23.73
21.25

27.5

-0.1
10.86
24.24
15.08

8
-0.23
023

0.8
023
0.7
-0.23
-0.23
0.3
-0.23
-0.23

Nitrite
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03

pH

8.28

8.5
8.03
7.88
8.26
8.13
8.23
8.53
7.95
8.22
8.33

Potassium
4.3
1.34
9.52
19
13
1.78
1.57
0.4
6.72
1.23
0.56

Iron

-0.01

Sodium
79.55
84.26

9.87
6.12
54.98
6.95
14.16
170.8
42.48
41.05
213

Sulfate
485
103
55.1

85
19.9
9.7
61.4
124
18
318
40.3

DS
662.49
355.23
358.33
261.65
465.49
348.86
355.06
405.99
282.01
421.01
215.27

Latitude
50.943148
50.957696
50.957696
50.943148
50.957696
50.943148
50.957696
50.957696
50.943148
50.943148
50.943148

Longitude  STRM
-114.571721 S12T23R5MS
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS
-114.571721 S12T23RSMS
-114.571717 S13T23RSMS
-114.571721 S12T23R5MS
-114.571717 $13T23R5MS
-114.571717 S13T23R5MS
-114,571721 S12T23RSMS
-114.571721 S12T23R5MS
-114.571721 S12T23RSMS



Appendix B - Groundwater Chemistry - 2013-2015

SamplelD
T156851
T134146
T156840
T150802
T150868
T152756
T162288
T162318
T162580
T163568
T163547
T150828
T161541
T139027
T139045

Date Source

8-Jan-13 Well
21-Jan-13 Well
28-Feb-13 Well
4-Mar-13 Well
29-Apr-13 Well
15-Jul-13 Well
28-1an-14 Well
19-Feb-14 Well

2-Apr-14 Well
16-Jun-14 Well
18-Aug-14 Well
30-Sep-14 Well
12-May-15 Well
22-Jun-15 Well
10-Aug-15 Well

WellDepth Alkalinity Bicarbonate Calcium  Carbonate Chloride

165
160

3836
4112
285.8
3438
309.1
297.9
349.4
3015
370.2
3243
356.5
4294
3284
377.9
294.8

468
499.2
3487
4195
377.1
3634
4123
3485
4353
3956
4299
5238
400.7

461
359.7

526
50.06
117.53
112.66
118.95
110.23
59.28
107.77
40.48
3129
58.69
190.2
139.37
139.94
110.97

0
12
0
0
0
0
6.9
9.5
8
0
25

cocoo

62
59.7
78
304
53.1
614
512
59.3
24
9.7
30
104.9
86
129
939

Conductivit Fluoride
898 0.2
897 0.2
920 0.2
777 0.2
903 0.2
774 0.1
824 0.2
792 0.2
661 0.7
631 0.2
726 0.2

1249 0.2
897 0.2
1158 0.7
873 0.1

Hardness Hydroxide Magnesium Nitrate

183.96
171.79
401.08
381.23

4135

361.9
206.12
357.19
161.97
110.66

2232
596.75
456.23
51116
373.11

0

cocoococococoocoocooo

1277
1136
26.13
24.26
2829
21.04
14.11
2139
14.78

7.9
18.62
29.58
26.28
39.27
2332

-0.23
023
38

1

25
-0.23
023
35
-0.23
0.6
023
21
0.6
0.3
-0.23

Nitrite
-0.03
-0.03
0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
0.03
-0.03
-0.03

oH

7.89

83
8.25
8.16
8.26
8.09
8.41
8.47
8.43
8.23
8.32

7.7
8.05
7.87

Potassium Iron
1.02
113
2.86
2.29
317
229

11
5.92
136
118
0.58
4.26
2,02
0.63

5.2

0.14
0.9
0.01
-0.01
-0.01
-0.01
0.05
-0.01
0.06
-0.01
031
-0.01
-0.01
0.02
-0.01

Sodium
146.49
147.44

4851
296
3764
50.34
145.54
37.44
108.91
117.66
78.98
55.29
2415
27.88
5439

Sulfate
203
19.7

104.1
68.1
95.6
17.7
215
235

35
10.2
135
85.2
449
312
227

D08
525.48
536.29
552.62
474.78
524.86
44175
502.52
439.87
394.28
373.19
414.46
729.34
520.65
595.63
487.68

Latitude
50.943148
50.943148
50957696
50957696
50957696
50.957696
50.943148
50.943148
50.943148
50.943148
50.957696
50.957696
50.943148
50957696
50957696

Longitude ~ STRM
-114.571721 S12T23RSMS
-114.571721 S12T23R5MS
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS
-114.571717 S13T23RSMS5
-114.571717 S13T23RSMS
-114.571721 S12T23R5MS
-114.571721 S12T23R5MS
-114.571721 S12T23R5MS
-114.571721 S12T23RSMS
-114.571717 S13T23RSMS
-114.571717 S13T23R5MS
-114.571721 S12T23RSMS
-114.571717 S13T23R5MS
-114,571717 S13T23R5MS5

Well ID

ccccccccccccccc



Appendix B - Groundwater Chemistry 2016-2018

SamplelD
T176835
T180597
T139097
T190402
220769
T201833
T207335
221306
T194280
T201765
T150799
T198753
T193134
T223650

Date

16-Dec-15
25-Jan-16
21-Mar-16
25-Apr-16
11-Jul-16
6-Sep-16
10-Apr-17
30-May-17
26-Jun-17
24-Jul-17
24-0ct-17
13-Aug-18
28-Sep-18
5-Nov-18

Classification: Protected A

Source
Well
Well
Well
Well
Well
Well
Well
Well
Well
Well
Well
Well
Well
Well

WellDepth

Alkalinity Bicarbonate Calcium

361
311
333
325
220
424
231
298
378
298
276
285
323
345

440
380
406
396
269
518
282
357
461
364
315
348
391
398

83.8
112
59.8
116
90.6
148
89
96.9
154
101
59.6
120
123
207

Carbonate Chloride

0

0
0
0
0
0
0
33
0

0
10.5

15
115

26
267
26.1
55.4

3.4
57.9

128
235
139
26
235
145
79
271

Conductivity Fluoride

706
773
733
900
556
1030
882
659
1175
724
607
1017
966
726

0.4
0.2
0.1
0.2
0.3
0.2
0.1
012
0.6
031
033
0.1
0.26
0.58

Hardness Hydroxide Magnesium Nitrate

337
379
225
392
305
501
322
327
589
356

0

coocooocoocoocooo

311
245
184
251
19.1
321
24.1
206
49.4
253
19
256
245
3.9

0.23
24
0.23
2.2
03
12
0.23
11
0.23
0.53
0.23
0.23
1
0.23

Nitrite

-0.03
-0.03
-0.03
0.03
-0.03
-0.03
-0.03
-0.03
-0.03

0.04
-0.03
-0.03
-0.03
-0.03

oH

8.1
8.1

7.8
8.2
83
8.2
8.2
86
83
83
86

Potassium Iron
13
17

0.59
3.1
0.62
31
13
18
0.53
15
13
14
2
0.58

0.24
-0.01
0.16
-0.01
-0.01
0.03
0.02
0.06
0.04
0.05
0.04
-0.01
0.01
13

Sodium
39.6
324
782
318

2.8
39.8
516

8.8
317
275
68.8
54.6
451

151

Sulfate

30
236
116
59.1
73.8
55.9
18.7
156
302
622
17.1
19.9

69

17

TS

412

Latitude
50.943148
50.943148
50.957696
50.957696
50.943148
50.957696
50.957696
50.943148
50.957696
50.943148
50.957696
50.957696
50.943148
50.943148

Longitude
-114.571721
-114.571721
-114.571717
-114.571717
-114.571721
-114.571717
-114.571717
-114.571721
-114.571717
-114.571721
-114.571717
-114.571717
-114.571721
-114.571721

STRM

512T23R5M5
512T23RSMS5
513T23RSMS5
513T23RSMS5
512T23RSM5
513T23RSM5
513T23R5MS5
512T23RSM5
513T23R5MS5
S512T23R5MS5
513T23R5MS5
S13T23RSMS5
512T23R5MS5
S512T23R5M5

Well ID
u

u
350901

ccccccc

1020257
u

u
2066214



July 29, 20245 CA0024566.7843

APPENDIX C

Analytical Calculations

WSP - ISSUED FOR REVIEW



Project: Bragg Creek
Location: Section 10+150

River Elev. = 1307.5
Parameters Distance Unsteady one-dimensional flow Huisman, L. and T.N. Olsthoorn (1983) Artificial Groundwater Recharge . Pittman: London.
K(mis)= 8.00E-04| x4(m)= 10 320pp.
b(m)= 4] x(m)= 20 u = 0.5*(sqrt(S,/Kb))*(x/sqrt(t))
S,= 02| xs(m)= 30 Qo = (So/SQ(TM)) * (sQrt(S,*K*b))*(1/sqrt(t))
So(m)= 38|  x(m)= 50" E, = erfc(u) E,=e"?
t(day)= 3 Xs(m)= 75 s =S,Eq q=0,"E;
go= 0.00010653 m®/s 9.20439 m*/d Seepage rate per metre
Head Change (s, at distance x,) Elev. m?/s m*/d L/min
u= 0.077641249 E= 0.912567 1= 3.467754 1310.968 E,= 0.99399 d¢= 0.000105892 9.149069741 6.353521
u= 0.155282498 E= 0.826181 s;= 3.139486 1310.639 E,= 0.976176 .= 0.000103994 8.985100592 6.239653
uz= 0.232923748 E= 0.74185 s3= 2.819032 1310.319 E,= 0.947192 ds= 0.000100907 8.718322956 6.054391
u,= 0.388206246 E;= 0.583001 $4= 2.215404 1309.715 E,= 0.860102 ds= 9.16286E-05 7.916714474 5.497718
Us= 0.582309369 E= 0.410218 ss= 1.558829 1309.059 E,= 0.712422 Js=  7.5896E-05 6.557413021 4.553759
Parameters Distance
K(m/s)= 8.00E-04|  xy(m)= 100
b(m)= 4] xo(m)= 150
S,= 0.2 X3(m)= 200
So(m)= 38|  x4m)= 300/
t(day)= 3]  x(m)= 400
g,= 0.00010653 9.20439 m*/d Seepage rate per metre
Head Change (s, at distance x,) m/s m®/d L/min
u= 0.776412492 E= 0.272199 s1= 1.034355 1308.534 E,= 0.547268 q= 5.83017E-05 5.037268707 3.498103
u= 1.164618738 E= 0.099554 s;= 0.378305 1307.878 E,= 0.257603 0=  2.7443E-05 2.371075298 1.64658
uz= 1.552824984 E;= 0.02809 s3= 0.106742 1307.607 E,= 0.089702 d;= 9.55613E-06 0.825649391 0.573368
us= 2.329237477 Es= 0.000988 s4= 0.003753 1307.504 E,= 0.004404 qs= 4.69119E-07 0.040531864 0.028147
us= 3.105649969 E= 1.12E-05 ss= 4.27E-05 1307.5 E,= 6.47E-05 QJs= 6.89738E-09 0.000595934 0.000414




Project: Bragg Creek

Location: Section 10+700

River Elev. = 1303
Parameters Distance
K(m/s)= 8.00E-04 Xq(m)= 10
b(m)= 4 Xo(m)= 20
S,= 02| xy(m)= 30
Sy(m)= 4.3 Xq(m)= 50(*
t(day)= 3|  xs(m)= 75
do= 0.00012055 m’/s 10.4155 m°/d
u= 0.077641249 E= 0.912567
u= 0.155282498 E= 0.826181
uz= 0.232923748 E= 0.74185
u,= 0.388206246 E;= 0.583001
Us= 0.582309369 E;= 0.410218
Parameters Distance
K(m/s)= 8.00E-04|  xy(m)= 100
b(m)= 4] x(m)= 150
S,= 0.2 X3(m)= 200
So(m)= 4.3 Xg4(m)= 300
t(day)= 3]  x(m)= 400
.= 0.00012055 10.4155 m°/d
u= 0.776412492 E= 0.272199
u= 1.164618738 E= 0.099554
u;= 1.552824984 E;= 0.02809
us= 2.329237477 Es= 0.000988
us= 3.105649969 E= 1.12E-05

Unsteady one-dimensional flow Huisman, L. and T.N. Olsthoorn (1983) Artificial Groundwater Recharge . Pittman: London.

u = 0.5%(sqrt(S,/Kb))* (/sqrt(t))

o = (So/8qrt(mm)) * (sart(S,"K*b))*(1/sart(t))

E, = erfc(u)
s = S,*E4

E,=e"”

q=0q,E;

Head Change (s, at distance x,)

s1= 3.924038
s;= 3.552577
s3= 3.189957
s4= 2.506904
Ss= 1.763938

Head Change (s, at distance x,)
s1= 1.170455
s,;= 0.428082
s3= 0.120787
s4= 0.004247
ss= 4.83E-05

Elev.
1306.924
1306.553

1306.19
1305.507
1304.764

1304.17
1303.428
1303.121
1303.004

1303

Ey=
Ey=
E,=
Ey=
Ey=

0.99399
0.976176
0.947192
0.860102
0.712422

0.547268
0.257603
0.089702
0.004404
6.47E-05

9=
9=
Q3=
Q4=

qi=
q2=
3=
4=
Q5=

Seepage rate per metre

m?/s
0.000119825
0.000117678
0.000114184
0.000103685
8.58823E-05

m?/d
10.35289471
10.16735067
9.865470713
8.958387431
7.420230524

Seepage rate per metre

m®/s
6.5973E-05
3.10539E-05
1.08135E-05
5.30845E-07
7.80493E-09

m*/d
5.700067222
2.68305889
0.934287468
0.045865004
0.000674346

L/min
7.18951
7.06066

6.851021
6.221102
5.152938

L/min
3.95838
1.863235
0.648811
0.031851
0.000468



Project: Bragg Creek
Location: Section 11+000

River Elev. = 1301.5
Parameters Distance Unsteady one-dimensional flow Huisman, L. and T.N. Olsthoorn (1983) Artificial Groundwater Recharge . Pittman: London.
K(mis)= 8.00E-04| x4(m)= 10 320pp.
b(m)= 4] x(m)= 20 u = 0.5*(sqrt(S,/Kb))*(x/sqrt(t))
S,= 02| xs(m)= 30 Qo = (So/SQ(TM)) * (sQrt(S,*K*b))*(1/sqrt(t))
So(m)= 41| x4m)= 50" E, = erfc(u) E,=e"?
t(day)= 3 Xs(m)= 75 s =S,Eq q=0,"E;
go= 0.00011494 m®/s 9.93105 m*/d Seepage rate per metre
Head Change (s, at distance x,) Elev. m?/s m*/d L/min
u= 0.077641249 E= 0.912567 s1= 3.741525 1305.242 E,= 0.99399 = 0.000114252 9.871364721 6.855114
u= 0.155282498 E= 0.826181 s;= 3.387341 1304.887 E,= 0.976176 = 0.000112204 9.694450639 6.732257
uz= 0.232923748 E= 0.74185 s3= 3.041587 1304.542 E,= 0.947192 ;= 0.000108873 9.40661161 6.532369
u,= 0.388206246 E;= 0.583001 $4= 2.390304 1303.89 E,= 0.860102 ds= 9.88625E-05 8.541718248 5.931749
Us= 0.582309369 E= 0.410218 Ss= 1.681894 1303.182 E,= 0.712422 gs= 8.18878E-05 7.075103523 4.913266
Parameters Distance
K(m/s)= 8.00E-04|  xy(m)= 100
b(m)= 4] xo(m)= 150
S,= 0.2 X3(m)= 200
So(m)= 4.1 Xg4(m)= 300
t(day)= 3]  x(m)= 400
o= 0.00011494 9.93105 m*/d Seepage rate per metre
Head Change (s, at distance x,) m/s m®/d L/min
u= 0.776412492 E= 0.272199 s= 1.116015 1302.616 E,= 0.547268 Q1= 6.29045E-05 5.434947816 3.774269
u= 1.164618738 E= 0.099554 sy= 0.408171 1301.908 E,= 0.257603 = 2.96096E-05 2.558265453 1.776573
uz= 1.552824984 E;= 0.02809 s3= 0.115169 1301.615 E,= 0.089702 d;= 1.03106E-05 0.890832237 0.618633
us= 2.329237477 Es= 0.000988 s4= 0.004049 1301.504 E,= 0.004404 qs,= 5.06154E-07 0.043731748 0.030369
us= 3.105649969 E= 1.12E-05 ss=  4.6E-05 1301.5 E,= 6.47E-05 gs= 7.44191E-09 0.000642981 0.000447




Project: Bragg Creek
Location: Section 11+550

River Elev. = 1297.5
Parameters Distance Unsteady one-dimensional flow Huisman, L. and T.N. Olsthoorn (1983) Artificial Groundwater Recharge . Pittman: London.
K(mis)= 8.00E-04| x4(m)= 10 320pp.
b(m)= 4] x(m)= 20 u = 0.5*(sqrt(S,/Kb))*(x/sqrt(t))
S,= 02| xs(m)= 30 Qo = (So/SQ(TM)) * (sQrt(S,*K*b))*(1/sqrt(t))
So(m)= 37| x(m)= 50" E, = erfc(u) E,=e"?
t(day)= 3 Xs(m)= 75 s =S,Eq q=0,"E;
go= 0.00010373 m®/s 8.96217 m°/d Seepage rate per metre
Head Change (s, at distance x,) Elev. m?/s m*/d L/min
u= 0.077641249 E= 0.912567 s1= 3.376498 1300.876 E,= 0.99399 = 0.000103105 8.908304748 6.186323
u= 0.155282498 E= 0.826181 s,= 3.056868 1300.557 E,= 0.976176 .= 0.000101258 8.748650577 6.075452
uz= 0.232923748 E= 0.74185 S3= 2.744846 1300.245 E,= 0.947192 3= 9.82511E-05 8.488893405 5.895065
u,= 0.388206246 E;= 0.583001 4= 2.157104 1299.657 E,= 0.860102 ds= 8.92174E-05 7.708379882 5.353042
Us= 0.582309369 E;= 0.410218 ss= 1.517807 1299.018 E,= 0.712422 Js= 7.38987E-05 6.384849521 4.433923
Parameters Distance
K(m/s)= 8.00E-04|  xy(m)= 100
b(m)= 4] xo(m)= 150
S,= 0.2 X3(m)= 200
So(m)= 3.7 Xq(m)= 300
t(day)= 3]  x(m)= 400
g,= 0.00010373 8.96217 m°/d Seepage rate per metre
Head Change (s, at distance x,) m/s m®/d L/min
u= 0.776412492 E= 0.272199 s= 1.007135 1298.507 E,= 0.547268 q1= 5.67675E-05 4.904709005 3.406048
u= 1.164618738 E= 0.099554 s;=  0.36835 1297.868 E,= 0.257603 = 2.67208E-05 2.30867858 1.603249
uz= 1.552824984 E;= 0.02809 s3= 0.103933 1297.604 E,= 0.089702 d;= 9.30465E-06 0.803921775 0.558279
us= 2.329237477 Es= 0.000988 s4= 0.003654 1297.504 E,= 0.004404 qs= 4.56774E-07 0.039465236 0.027406
us= 3.105649969 E= 1.12E-05 ss= 4.15E-05 1297.5 E,= 6.47E-05 gs= 6.71587E-09 0.000580251 0.000403




Project: Bragg Creek

Location: Section 12+100

River Elev. = 1293
Parameters Distance
K(m/s)= 8.00E-04 Xq(m)= 10
b(m)= 4 Xo(m)= 20
S,= 02| xy(m)= 30
Sy(m)= 4 Xq(m)= 50(*
t(day)= 3|  xs(m)= 75
do= 0.00011214 m’/s 9.68883 m°/d
u= 0.077641249 E= 0.912567
u= 0.155282498 E= 0.826181
uz= 0.232923748 E= 0.74185
u,= 0.388206246 E;= 0.583001
Us= 0.582309369 E;= 0.410218
Parameters Distance
K(m/s)= 8.00E-04|  xy(m)= 100
b(m)= 4] x(m)= 150
S,= 0.2 X3(m)= 200
So(m)= 4] xym)= 300|*
t(day)= 3]  x(m)= 400
q,= 0.00011214 9.68883 m°/d
u= 0.776412492 E= 0.272199
u= 1.164618738 E= 0.099554
u;= 1.552824984 E;= 0.02809
us= 2.329237477 Es= 0.000988
us= 3.105649969 E= 1.12E-05

Unsteady one-dimensional flow Huisman, L. and T.N. Olsthoorn (1983) Artificial Groundwater Recharge . Pittman: London.

320pp.
u = 0.5*(sqrt(S,/Kb))*(x/sqrt(t))
o = (So/sArt(1m)) * (sart(S,"K*b))*(1/sqrt(t))

E, = erfc(u) E,=e"?

s = S,Ey q=0,"E;

Head Change (s, at distance x,) Elev.
s4= 3.650268 1296.65
so= 3.304723 1296.305
s3= 2.967402 1295.967
s4= 2.332004 1295.332
ss= 1.640873 1294.641

Head Change (s, at distance x,)
s4= 1.088795 1294.089
s,= 0.398216 1293.398
s3= 0.11236 1293.112
s,= 0.00395 1293.004
ss= 4.49E-05 1293

Ey=
Ey=
E,=
Ey=
Ey=

0.99399
0.976176
0.947192
0.860102
0.712422

0.547268
0.257603
0.089702
0.004404
6.47E-05

9=
9=
Q3=
Q4=

qi=
q2=
3=
4=
Q5=

Seepage rate per metre

m?/s
0.000111465
0.000109468
0.000106217
9.64512E-05
7.98905E-05

m?/d
9.630599728
9.458000624
9.177182059
8.333383657
6.902540023

Seepage rate per metre

m®/s
6.13702E-05
2.88874E-05
1.00591E-05
4.93809E-07
7.2604E-09

m*/d
5.302388113
2.495868735
0.869104622

0.04266512
0.000627298

L/min
6.687916
6.568056
6.373043
5.787072
4.793431

L/min
3.682214
1.733242
0.603545
0.029629
0.000436



Project: Bragg Creek
Location: Section 12+450

River Elev. = 1290.5
Parameters Distance Unsteady one-dimensional flow Huisman, L. and T.N. Olsthoorn (1983) Artificial Groundwater Recharge . Pittman: London.
K(mis)= 8.00E-04| x4(m)= 10 320pp.
b(m)= 4] x(m)= 20 u = 0.5*(sqrt(S,/Kb))*(x/sqrt(t))
S,= 02| xs(m)= 30 Qo = (So/SQ(TM)) * (sQrt(S,*K*b))*(1/sqrt(t))
So(m)= 44|  x4m)= 50" E, = erfc(u) E,=e"?
t(day)= 3 Xs(m)= 75 s =S,Eq q=0,"E;
go= 0.00012335 m®/s 10.6577 m/d Seepage rate per metre
Head Change (s, at distance x,) Elev. m?/s m*/d L/min
u= 0.077641249 E= 0.912567 1= 4.015295 1294.515 E,= 0.99399 q:= 0.000122612 10.5936597 7.356708
u= 0.155282498 E= 0.826181 s;= 3.635195 1294.135 E,= 0.976176 .= 0.000120414 10.40380069 7.224862
uz= 0.232923748 E= 0.74185 s3= 3.264142 1293.764 E,= 0.947192 gs= 0.000116839 10.09490026 7.010347
u,= 0.388206246 E;= 0.583001 s4= 2.565204 1293.065 E,= 0.860102 ds,= 0.000106096 9.166722022 6.365779
Us= 0.582309369 E;= 0.410218 ss=  1.80496 1292.305 E,= 0.712422 Js= 8.78796E-05 7.592794025 5.272774
Parameters Distance
K(m/s)= 8.00E-04|  xy(m)= 100
b(m)= 4] xo(m)= 150
S,= 0.2 X3(m)= 200
So(m)= 4.4 Xg4(m)= 300
t(day)= 3]  x(m)= 400
go,= 0.00012335 10.6577 m°/d Seepage rate per metre
Head Change (s, at distance x,) m/s m®/d L/min
u= 0.776412492 E= 0.272199 s= 1.197675 1291.698 E,= 0.547268 q¢1= 6.75073E-05 5.832626924 4.050435
u= 1.164618738 E= 0.099554 s;= 0.438038 1290.938 E,= 0.257603 = 3.17761E-05 2.745455608 1.906566
uz= 1.552824984 E;= 0.02809 s3= 0.123596 1290.624 E,= 0.089702 d;=  1.1065E-05 0.956015084 0.663899
us= 2.329237477 Es= 0.000988 s4= 0.004345 1290.504 E,= 0.004404 qs= 5.4319E-07 0.046931632 0.032591
us= 3.105649969 E= 1.12E-05 Ss= 4.94E-05 1290.5 E,= 6.47E-05 QJs= 7.98644E-09 0.000690028 0.000479




Project: Bragg Creek

Location: Section 12+800 (NW and SE sides)

River Elev. = 1287.1
Parameters Distance
K(m/s)= 8.00E-04 Xq(m)= 10
b(m)= 4 Xo(m)= 20
S,= 02| xy(m)= 30
Sy(m)= 4.2 Xq(m)= 50(*
t(day)= 3|  xs(m)= 75
do= 0.00011775 m’/s 10.1733 m’/d
u= 0.077641249 E= 0.912567
u= 0.155282498 E= 0.826181
uz= 0.232923748 E= 0.74185
u,= 0.388206246 E;= 0.583001
Us= 0.582309369 E;= 0.410218
Parameters Distance
K(m/s)= 8.00E-04|  xy(m)= 100
b(m)= 4] x(m)= 150
S,= 0.2 X3(m)= 200
So(m)= 4.2 Xg4(m)= 300
t(day)= 3]  x(m)= 400
o= 0.00011775 10.1733 m°/d
u= 0.776412492 E= 0.272199
u= 1.164618738 E= 0.099554
u;= 1.552824984 E;= 0.02809
us= 2.329237477 Es= 0.000988
us= 3.105649969 E= 1.12E-05

Unsteady one-dimensional flow Huisman, L. and T.N. Olsthoorn (1983) Artificial Groundwater Recharge . Pittman: London.

u = 0.5%(sqrt(S,/Kb))* (/sqrt(t))

o = (So/8qrt(mm)) * (sart(S,"K*b))*(1/sart(t))

E, = erfc(u)
s = S,*E4

E,=e"”

q=0q,E;

Head Change (s, at distance x,)

s;= 3.832781
s,;= 3.469959
s;= 3.115772
s,= 2.448604
ss= 1.722916

Head Change (s, at distance x,)
s1= 1.143235
s;= 0.418127
s3= 0.117978
s4= 0.004148
ss= 4.72E-05

Elev.
1290.933
1290.57
1290.216
1289.549
1288.823

1288.243
1287.518
1287.218
1287.104

1287.1

E,=

0.99399
0.976176
0.947192
0.860102

= 0.712422

0.547268
0.257603
0.089702
0.004404
6.47E-05

Seepage rate per metre

m?/s
qs= 0.000117039
g,= 0.000114941
gs= 0.000111528
ds,= 0.000101274
Js=  8.3885E-05

m?/d
10.11212971
9.930900655
9.636041162
8.750052839
7.247667024

Seepage rate per metre

m®/s
Q= 6.44387E-05
= 3.03317E-05
ds=  1.0562E-05
Q4= 5.185E-07
QJs= 7.62342E-09

m*/d
5.567507519
2.620662172
0.912559853
0.044798376
0.000658663

L/min
7.022312
6.896459
6.691695
6.076426
5.033102

L/min
3.866325
1.819904
0.633722

0.03111
0.000457
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APPENDIX

Stormwater Management Report
Submission Requirements

islengineering.com Bragg Creek Master Drainage Plan
September 2025 Rocky View County



Report Template #1.:
Stormwater Management Report

Subdivision (SB) #
Outline Plan # - orDP# -

Prepared for:
Name of client developer / landowner

This template applies to both subdivision (public systems) and DSSP (private
systems) submissions, and to conventional submissions without Source Control
Practices. Not all information and tables will be relevant for all submissions. The
consultant is responsible to ensure that all applicable information relevant to the
design has been included.

Please provide the report with reinforced, plasticized or plastic front and back
covers. The binding shall be cerlox; spiral bound reports or reports in binders will
be returned.

A digital version (Word document) of this template can be obtained from

Name of consultant
Address of consultant
E-mail address of consultant

Date
Consultant file number

Version 1 — April 2010



STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Add plastic sleeve for future correspondence

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Add relevant checklists

e Checklist #2: Development Site Servicing Plan (DSSP) and
e Checklist #3: Subdivision Stormwater Management Report (SWMR).

e Checklist #4: XP-SWMM Models.

e Checklist for Qil/Grit Separators.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Add cover letter

e Highlight in cover letter unresolved issues or areas where guidelines cannot be met.

o Explicitly state that all details conform to the City of Calgary Standard Specifications and
Stormwater Management Design Manual, or explicitly state items that have to be addressed
prior to report approval.

Consider including a (Executive) Summary for reports describing complex systems.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

1.0 INTRODUCTION
Give a brief introduction for the report:
° In support of design drawings for subdivision or DSSP approval.
° OutlinePlan# - SB# orDP# -
° Name of the project and phase.
° Client developer/landowner.
e Land location (legal description).
° Figure 1 (8%2 x 11) showing site location within City of Calgary, showing major roadways.
o  State overall objectives.
Example:

1. Peak flows in the storm sewers are to be controlled to allowable limits based on design flows
and capacities of individual segments.

2. Overland flows are to be in accordance with Alberta Environment's guidelines
(January 1999) with respect to ponding depths and flow velocities in streets.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

2.0 SITE DESCRIPTION AND DESIGN CRITERIA

Description of the study area:

Figure 2 (8%2x 11 or 11 x 17) showing the overall study area boundary, site phase boundary and
adjacent phases — identifying section numbers and major roadways.

Figure 3 showing catchment boundaries in relationship to site phase boundary. Also show
contours of adjacent properties.

Type of development (residential, industrial, commercial, etc.).

Future external development areas included in the study area, if applicable.

Total site area, including external areas.

Identify overland drainage direction, downstream storm ponds and outfalls.
Also show contours/grades of adjacent properties.

Identify all stormwater quality treatment facilities or Source Control Practices in this phase or
development.

2.1 Design Objectives

Reference the relevant MDP report or previous SWM reports for adjacent phases that provide the
basis for setting the objectives.

State the site specific design objectives:

Criterion used for sizing the minor system (e.g. Unit Area Release Rate method or Rational
Method).

Allowable minor system discharges from upstream areas into previous, nhow downstream phases
(Table 1).

Allowable overland spill from upstream areas into previous, now downstream phases (Table 2).
State if non-surcharge conditions are used or if surcharge is allowed with justification.
Overland flow depths and velocities to meet depth-velocity criterion (Table 3).

Identify water quality objectives.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 1 Minor System Boundary Conditions — Inflows into previous phases
Location Manhole Area Flow Rate Runoff Volume HGL Design Source.of
Number Size Storm Information
(ha) (L/s) | (L/s/tha) | (m®) (mm) (m)
Table 2 Major System Boundary Conditions — Inflows into previous phases
Location | Area Size Flow Rate Runoff Volume Design Stor_m Source_of
(type and duration) | Information
(ha) (L/s) (L/s/ha) (m?) (mm)
Table 3 Permissible Depth and Velocities of Overland Flow
Water Velocity Permissible Depth
(m/s) (m)
0.5 0.80
1.0 0.32
2.0 0.21
3.0 0.09

For non-serviced sites (with Deferred Servicing Agreements) the report shall address both interim
(e.g., with an evaporation pond) and ultimate development scenarios.

For linear roadway, projects (e.g. for Tl), the report shall address both short-term and long-term, full
build-out scenarios to ensure that the drainage system has adequate flexibility to allow for future

widening.

For roadways, clearly identify the relationship with adjacent lands, e.g., show contours/grades, low-
and high-point elevations, and line assignments.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

3.0

3.1

3.2

3.3

ANALYSIS METHODOLOGY AND DATA

Design Storm

Describe the design storm used:

Example: 1:100 year event, Chicago distribution (Appendix 2).

Computer Model

Describe the computer model used:

Example: SWMHYMO, DDSWMM, XPSWMM, QHM, etc.
Dual Drainage (major-minor) system approach.
Reference the User’'s Manual.

Reference model input and output data appended to the report.

Hardcopy to be provided in the Appendix.

The numbering system shall be logical. Preferably, catchment, street segment, and storm
sewer identification numbers shall relate to the phase and manhole number. For instance,
manhole 5-8D, located in Phase 5, receives runoff from catchments 5-8A through 5-8E, street
segments 5-8-1 and 5-8-2, and trap low 5-8.

Major - Minor System

Describe the data used for modeling the major and minor system (as applicable) - Appendix 3.
If spreadsheet analysis is used for minor system analysis, describe approach and assumptions.

State that areas and location of overland inflows from external areas match all relevant,
preceding reports. Provide supplemental information to rationalize changes to boundary
conditions. Identify in cover letter as well.

State that areas and location of minor system inflows from external areas match all relevant,
preceding reports. Provide supplemental information to rationalize changes to boundary
conditions. Identify in cover letter as well.

If neither of these conditions is met, identify impacts on previous phases, if applicable.
Submit under separate cover summary of impacts and consequences relative to affected
previous phases. Identify in cover letter as well.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

3.4 Catchment Areas

Describe briefly how the model computes surface runoff and abstraction losses:

° CN or Horton approach.

° For SWMHYMO describe IUH routines used.

° Abstraction loss parameters.

° Manning ‘n’ values.

e  Tabulate the key catchment parameters (area, % impervious, etc.) — see Table 4.

Table 4 Catchment Parameters and Imperviousness (Imp.) Ratio

Catchment ID Area Total Imp. Directly Connected Imp.
(ha) (%) (%)
17-3A 1.340
17-4A 0.278
17-4B 0.232
17-4C 0.571
17-5A 0.560
17-6A 0.760
17-6B 0.288
E-6B 0.169
17-7TA 0.452

3.5 Minor System Capture

Describe the methodology used for minor system capture:

e For SWMHYMO describe DIVERT HYD and/or COMPUTE DUALHYD routines used.

e Basis for inlet capture (unit rate design flow, hydraulic capacity, ICD, etc.).

e Describe the basis for determining the capture curves.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

3.6 Storage

e Describe the methodology used for storage routing (trap-lows, minor system (underground)
storage and/or storm ponds).

e Describe emergency spill routes: type and destination.

e Describe the appropriate model routines used. Show relevant information for ponds if applicable,
see Tables 5 through 8.

Table 5 Common Characteristics for Main Cell of Pond

Parameter Unit Value
Bottom Elevation m 65.75
Normal Water Level (NWL) m 66.50
High Water Level (HWL) m 68.25
Invert Elevation of Orifice in m 65.75
control structure
Pond Depth below NWL m 0.75
Active Pond Depth (NWL to HWL) m 1.75

Table 6 Common Characteristics for Forebay

Parameter Unit Value
Bottom Elevation m 65.156
Normal Water Level (NWL) m 67.156
High Water Level (HWL) m 68.50
Invert Elevation-of control m 67-156
shruchues
Pond Depth below NWL m 2.00
Active Pond Depth (NWL to HWL) m 1.344

Data for ponds shall be included when the pond is modelled in the report. This information
shall match the data presented in the preceding Staged Master Drainage Plan report or Pond
Report.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 7 Stage-Area-Storage-Discharge Relationship for Main Cell of Pond

Elevation Depth above NWL Area Total Storage Active Storage | Discharge
Volume Volume

(m) (m) (m?) (m3) (m3) (L/s)
65.75 0 1,949.0 0 0 0 Bottom
66.00 0.25 2,447.0 548.0 0 0
66.25 0.50 4,049.0 1,352.0 0 0
66.50 0.75 5,650.0 2,559.0 0 0 NWL
66.75 1.00 7,122.0 4,152.0 1,593.0 25.80
67.00 1.25 8,178.0 6,063.0 3,504.0 41.10
67.25 1.50 8,999.0 8,209.0 5,650.0 52.00
67.50 1.75 9,204.0 10,484.0 7,926.0 61.10
67.75 2.00 10,044.0 12,890.0 10,331.0 68.90
68.00 2.25 10,848.0 15,501.0 12,942.0 76.00
68.25 2.50 11,578.0 18,303.0 15,744.0 82.40 HWL
68.80 3.05 XX, XXX XX, XXX XX, XXX XX.XX Freeboard

In case the discharge is composed of multiple components (e.g., orifice and overflow weir or multiple outlets), the discharge
relationship for the individual components shall be presented.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 8 Stage-Area-Storage-Discharge Relationship for Forebay
Elevation Depth above NWL Area Total Storage Active Storage | Discharge
Volume Volume

(m) (m) (m?) (m?) (m3) (L/s)
65.156 0 13.0 0 0 0 Bottom
65.50 0.344 67.0 13.0 0 0
66.00 0.844 217.0 80.0 0 0
66.50 1.344 460.0 245.0 0 0
67.00 1.844 626.0 516.0 0 0
67.156 2.00 714.0 620.0 0 0 NwWL
67.50 2.50 908.0 898.0 278.0 761.0
68.00 3.00 1,272.0 1,441.0 820.0 2,926.0
68.50 3.50 1,677.0 2,176.0 1,556.0 5,407.0 HWL
69.00 4.00 X, XXX X, XXX X, XXX X, XXX Freeboard

Last updated: April 27, 2010
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

4.0 RESULTS
4.1 Overland Flows

e Confirm that the combination of the depth and velocity of flow meets Alberta Environment
guidelines.

e Confirm that all drainage gutters / swales fully contain 1:100 year peak flow rate without
overtopping / spillover.

e Tabulate overland flow data (major segment number, 1:100 flow, 1:100 depth, 1:100 velocity),
see Table 9.

e Figure 4 (8% x 11) showing overland flows compared to depth-velocity criterion.

e State whether or not the overland flows leaving a phase or site meet the specific objectives
(Section 3.3), and justify where they do not meet the objective.

Summary of overland flows to include spill segments and concrete or vegetated
drainage gutters/swales. Spillover into natural areas such as ravines shall be avoided.
Appropriate erosion protection shall be provided if unavoidable.

Table 9 Overland Flow Assessment

Street Segment Peak Maximum Maximum Specific Gutter Type
Number Discharge Depth Velocity Energy and Depth
(L/s) (mm) (m/s) (mm)
S #1 52 51 0.79
Traplow #1 — Spill 0 0 0.00
S#2 112 64 1.08
Traplow #2 - Spill 0 0 0.00

& »
<« »

Only needs to be provided for concrete drainage
gutters/swales in back of or between lots.

° Summarize major system flows exiting the phase or development, see Table 10.

All overland runoff should be fully contained on-site up to a 1:100 year event for private sites.

Table 10 Major System Boundary Conditions — Outflows

Location Area Size Flow Rate Runoff Volume
(ha) (L/s) (L/s/ha) (m?3) (mm)

° Summarize assumed major system flows entering the phase or development, see Table 11.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 11  Major System Boundary Conditions — Assumed Inflow from External Areas
. . Design
Location | Area Size Flow Rate Runoff Volume Storm
(ha) (L/s) (L/s/ha) (m?) (mm)

4.2 Inlet Restrictions

e  Tabulate the ICD locations (MH number, ICD type, number of ICDs, capture rate), see Table 12.

° For standard ICDs, reference City of Calgary Standard 452.1002.031.

° Figure 5 (8%2 x 11) showing details for special ICDs or for DSSP sites (if applicable).

Last updated: April 27, 2010
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 12  Results of Minor System Analysis
Fipe Design Method Actual Flow Comparison
Manhole Number Area Incremental | Cumulative | UARR Method 2 Type Location Type [ Ci Fipe Spare
Number Area Area Unit Area Flow Flow Catchbasin Inlet Inlet Inlet Hydraulic Model| Capacity | Capacity
Release Rate Control Peak Flow | Peak Flow | Routed Flow
Device
From | To (ha) ha) Lisiha) Lz} (Us) (L) Lis) ] (Us) (L)
E5 = External Area 768.000] 240 B450 Release Rate T 643
Walpais 4833 57.25 276.7 Permissible Release Rate [ 276
Shangri-La 12.603] 38.64 4872 Allocated Permissible Release Rate 554
Sub-Total 285.435| 285,430 | 14071 I I 1474 14748 1574.6] 100.0
1708 | E6 | 17-64 | 0.760] | 2e.66] z04] Single C [East [ 1corao | 12.8] | I
| | 17-68 | 0.28%] | EELE | 111 Single K2 |west | 1cora0 | 20| | |
| Sub-Total | | 1.043] 1.048] | | 40 5| | | | 307| 307 3a.7] 160.4] 1207
E6 | E7 | E-6A T 0.630] T 38.60] 44| Single K2 THorth [ NoieD | G| T | |
[ | E-6B | 0.189| | 38.88] [ Single C |West | hMoicD | 14.9] | | |
| Sub-Total | | 0.7%9) 287.283| | | 1478.5] | | | 66.8] 15811 13485 15748 2281
E7 | 17-D7 | | 0.000] | 28.68] 0.0] | | | 0.0] | | |
| Sub-Total | | 0.000| 287223 | | 1478.5| | | | 00| 1581.1] 1246.8]  17721] 4253
1703 17-D4 17-3A 1.340] I 38.64] 518 Single © Northwest R30 18
| Single KZ Southeast R30 0
T34 0278 | 3800 107 Single © Fark o ICD %
Sub-Total 1.618] 1.618] 62.9) [ 66.7| 66.3 108.2] 418
1704 | 1705 | 1748 I 0.227] I 38.66] )| Single C [Southwest | ICOR30 | 12.0] I | |
I | i74C | 0571 | 28 ﬁ' 221] Single K2 IMothesst | 1cDR30 | 20.1] | | |
[ SubTotal | | 0.603)] 2.421] | o3 8] I I 28.1] 104.8] i3]  ie54] 641
17D8 | 1707 | 1754 I 0.560] I 38 g' 216] Single G JNortheast [ ICDR3D | 16.0] I I I
I | | | | Single K2 |Southwest | ICD R30__| 2.0 I | |
[ Sub-Totwl | I 0.560] 2.021] 1 I 1152 I I I 34.0] 138.8] 1343 187.9] 53.6
1707 | Es 1TTA+ 1778 I 03] 38 @' 383 Single K2 |Morth | _hoicDh | 287 | | |
[ Sub-Total | ] I 261,255 ] 16321 ] ] 287 1768.6] 14883 17721 2ese
ES [ 1805 | E-0A T 0.470] 38 @' 18.2] Single K2 |South | HNoicD | £4.7] | | |
| Sub-Total | I 0.470] 201,725 I 1650.3} I I I £4.7] 18243 15061 23330 e27 0
1805 | E@ Existing Phase 16| 4.870] EELE | 128.3] Allocated Farmissible Release Rate | 242.5] | I |
| Sub-Tos | 4.870| 206.505| 18385 [ | 248.5] 2072.8| 1753 233z0] 570.0

This example is for an older system that was designed prior to the release of the December 2000 Stormwater Management & Design Manual
Current design criteria call for  minimum unit area release rate of 70 Uisihal
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

4.3 Storage
° Tabulate pond and/or trap low results (storage number, capacity at spill, spill depth, spill
elevation, 1:100 volume, 1:100 depth, 1:100 elevation, MG Elevation). See Table 13.
° Note where RMG is required.
° State if the maximum ponding depths are within the Alberta Environment guideline of 0.5 m, and
if not, then justify.
° Tabulate permissible discharge rates and on-site storage requirements for private sites if
applicable (see Table 14).
Table 13 Results of Traplow Analysis
Spill Conditions 1:100 Year Event Results
Low Point
Number' ) Capac - MG 4
Elevation ity Depth Elevation Storage | Spillover Depth Elevation Elevation® | R
Volume? | Volume
m? m m m3 m? m m
17-3 1084.198 128 0.323 1084.521 190.0 77.0 0.358 1084.556 1084.856 | R
17-4 1083.977 203 0.348 1084.325 150.0 0.0 0.305 1084.282 1084.625 | R
17-5 1083.935 272 0.353 1084.288 60.0 0.0 0.164 1084.099 1084.588 | R
17-6 1084.692 128 0.368 1085.060 120.0 0.0 0.359 1085.051 1085.360 | R
(1) Locations are indicated on Overland Drainage Drawing.
(2) At maximum 1:100 year depth of ponding.
(3) MG denotes Minimum Building Opening Elevation.
(4) R designates that a Restrictive Covenant is required.

The spill conditions shall correspond to the critical, i.e. the highest downstream location, even if it is
located outside the phase or development in question.

Table 14

Permissible Discharge Rates and Preliminary On-site Storage Requirements for Private

Sites
Location | Manhole | Invert | Obvert | HGL | Area Discharge Storage
Number or Top Rate Volume
(m) (m) (m) (ha) | (L/sfha) | (L/s) | (mé/ha) | (md)

Last updated: April 27, 2010
File ID: 56888251

12|Page




STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

4.4 Minor System Flows

e Tabulate the minor system flows (segment number, design flow, full flow capacity, and model
analysis results) — see Table 12.

e State if results are within the rated hydraulic capacities of the individual segments or identify
where surcharge conditions occur.

e Comment on the impact of surcharge within the development and downstream system.

e Tabulate HGL results for surcharging (MH number, HGL elevation, depth of surcharge, freeboard
relative to surcharge and LTF) — Figure showing HGL (see Table 15).

Compare the minor system flows entering and leaving the site relative to the specific
objectives (Section 2.1), and justify where they do not meet the objective.

° Summarize assumed minor system flows exiting the phase or development, see Table 16.

° Summarize assumed minor system flows entering the phase or development, see Table 17.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 15 Summary of Surcharge Conditions
Manhole . Elevations Freeboard relative to
Number Location Invert Obvert Ground LTF HGL Surcharge Ground LTF
(m) (m) (m) (m) (m) (m) (m) (m)

Last updated: April 27, 2010
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 16  Minor System Boundary Conditions — Outflows

Location

Manhole
Number

Area
Size
(ha)

Runoff
Flow Rate Volume
(L/s) | (L/s/ha) | (m®) | (mm)

Table 17  Minor System Boundary Conditions — Assumed Inflow from External Areas

. Manhole | Invert | Obvert | HGL Area Runoff Design
Location Number or Top Size Flow Rate Volume Storm
(m) (m) (m) (ha) (L/s) | (L/s/ha) | (m3) | (mm)

Last updated: April 27, 2010
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

5.0 SUMMARY OF FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

Explicitly state that all details conform to the City of Calgary Standard Specifications and
Stormwater Management Design Manual, or explicitly state items that have to be addressed
prior to report approval.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

FIGURES
Figure1  Site Location
o 8ax11.

e Project location within City of Calgary.

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Figure 2  Study Area
o 8%x11.
e Study area boundary, site phase boundary, adjacent phases.
e Show contours/grades/elevations and flow directions.
e Show pond locations (if applicable).

e Show alignment storm trunks (if applicable).

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Figure 3  Flow Depth-Velocity Results
o 8ax11.

e Overland flows compared to depth-velocity criterion.

Last updated: April 27, 2010
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Figure 4  Details for Special ICDs or for DSSP Sites

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

DATAFILES
e Use header with the following info: project name, page x of y.
e Use footer with following info: filename / date-time.
e Use a colored sheet to separate data files.

e Text in data files should not wrap at end of line — consider using “Courier New” font in WORD.

Last updated: April 27, 2010
File ID: 56888251

21|Page



STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

CORPORATE AUTHORIZATION

We agree and certify that all requirements on this template have been reviewed and properly identified as
part of this submission. We understand that this template will be used as a tool for review and approval of
stormwater management reports and accept responsibility and liability for the designs in this submission.

Corporate Authorization number

CORPORATE AUTHORIZATION

Show stamp or provide

Show stamp of Professional
Engineer

RESPONSIBLE ENGINEER

Last updated: April 27, 2010
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

APPENDICES

APP 1 Computer Model Schematic, data (input and output files)

e Size commensurate with the number of model segments.

e Model routing order for of subcatchments, minor segments, major segments and major-
minor storage

e Adding or splitting flows.
e Segment reference numbers.

e APP 1-1 Show Computer Model Schematic (size commensurate with number of model
elements).

Ensure that the model identification numbering system matches the Overland
Drainage and Storm Drainage drawings to the greatest extent possible. That is,
manhole numbers shall include phase number and subcatchment identification
shall relate to manhole number.

APP 2 Design Storm
o Design storm parameters.
e Duration.

e Time increments.

APP 3  Major - Minor System

e Tabulate the minor system data (segment number, size, length, slope, material type,
Manning ‘n’).

e Tabulate the major system data (segment number, geometry, length, slope, Manning ‘n’).

APP 4  Minor System Capture
o Inlet types (K2, C, grated-top MH, special CB, etc.).
e Tabulate the rating data used for the various inlet types.

e Tabulate the rating data used for ICDs.

APP5  Storage

e Tabulate the rating data (Storage number, capture/discharge rate, type of hydraulic
control, storage volume, spill condition, etc.).

Last updated: April 27, 2010
File ID: 56888251
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 18  Minor System
Pipe Design
Sement uIs D/s Number | Shape | U/SInvert | D/S Invert | U/S Manhole | D/S Manhole | Length Slope Material Roughness Nominal Size Actual Size Entrance Exit Loss
ID MH MH of Barrels Elevation | Elevation Rim Rim (Manning n) Loss
Elevation Elevation
(m) (m) (m) m) (m) ®) (mm) (mm) 0 8]
61 56 99.169 0.500 PVC 0.011 450 447.9
56 57 65.252 3.400 CON 0.013 525 533.0
57 58 109.710 2.000 CON 0.013 600 610.0
60 62 86.750 1.500 PVC 0.011 300 299.4
62 63 56.731 1.000 PVC 0.011 375 366.4
63 64 51.588 1.750 PVC 0.011 375 366.4
65 58 84.747 0.840 CON 0.013 525 533.0
58 59 88.927 3.054 CON 0.013 600 610.0
66 67 82.500 1.150 PVC 0.011 300 299.4
67 68 40.500 0.300 CON 0.013 525 533.0
68 69 92.880 0.200 CON 0.013 675 686.0
69 69a 6.427 0.500 CON 0.013 675 686.0
69a 59 59.747 0.200 CON 0.013 675 686.0
59 110B 83.190 0.220 CON 0.013 1200 1219.0
Base Flow
Drainage Area Size UARR Total Flow To MH
(ha) (L/s/ha) (L/s)
P 6.058 69.0 418.0 56
FutER 2.534 18.5 47.0 EX2
Culverts
Segment | U/S DIS Number | Shape Inlet Length US/Invert | D/S Invert | Longitudinal Material Roughness Nominal Actual Entrance Exit Spillover
ID ID ID of Type Elevation Elevation slope (Manning n) Size Size Loss Loss Elevation
Barrels
(m) (m) (m) (%) (mm) (mm) ©) ©) (m)

Last updated: April 27, 2010
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STORMWATER MANAGEMENT REPORT FOR DEVELOPMENT

Table 19 Major System
Flow Segment Types
Segment Flow Path Shoulder Max Depth
ID Half Width | Cross Slope | Curb Height | Roughness | Longitudinal Slope | Cross Slope | Manning n
(Manning n)
(m) (%) (mm) (%) (%) (m)
1 4.50 2.0 140 0.015 1.5 2.0 0.250 0.3
2 4.50 2.0 140 0.015 4.0 2.0 0.250 0.3
3 4.50 2.0 140 0.015 5.4 2.0 0.250 0.3
4 4.75 2.0 140 0.015 4.0 2.0 0.250 0.3
5 4.75 2.0 140 0.015 6.0 2.0 0.250 0.3
6 7.40 2.0 140 0.015 8.0 2.0 0.250 0.3
7 11.70 2.0 140 0.015 8.0 2.0 0.250 0.3
8 0.01 -0.1 0 0.250 10.0 0.1 0.250 0.3
Storage Inlets
Drainage | Trap Spill Volume Capture at Spill Depth
Area Low #
(m?) (L/s)
A 1 87 40.6
D 2 282 43.0
E 3 82 172
G 4 195 169.1
H 5 214 422
U 6 100 449
Swales/Ditches
Segment | Width | Longitudinal | Roughness Left Side Right Side Max Depth
ID Slope (Manning n) Slope Slope
(m) (%) (H:v) (H:V) (m)

Last updated: April 27, 2010
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Drainage Areas

. Percent Pgrcent . .

Drainage Size Total Directly Average Avgrage Average Mannlr.\g n Mann.lng n

Area . Connected Length Width Slope Impervious Pervious

Imperviousness .
Imperviousness
(ha) (%) (%) (m) (m) (%)

17-5A 0.80 69 30 200 40 3.0 0.015 0.25

17-5B 1.81 65 24 180 100 2.0 0.015 0.25

17-6A 0.77 70 30 200 40 6.0 0.015 0.25

17-7A 1.26 65 25 150 40 2.0 0.015 0.25

17-7B 1.56 65 25 50 40 3.0 0.015 0.25

17-7C 0.99 65 25 75 80 3.0 0.015 0.25

17-9A 0.88 72 35 125 60 2.0 0.015 0.25

17-10A 1.87 63 20 75 125 4.0 0.015 0.25

17-10B 1.52 65 25 100 100 4.0 0.015 0.25

17-12A 0.90 64 23 100 60 2.0 0.015 0.25

17-12B 0.71 70 25 170 40 4.5 0.015 0.25

Last updated: April 27, 2010

File ID: 56888251

27|Page
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DRAWINGS

All plans submitted include quarter section lines and street names. Pertinent
information on the plans uses legible font sizes.

DR1 Overland Drainage
Provide full size Overland Drainage drawing (identical to drawing in construction set),
including:
e Professional Engineer’s stamp which has been signed and dated.
e Subdivision phase and construction boundary.
e Q,v,d’s for critical segments.
e Trap low storage table.
e Trap low location and outline at spill elevation.
e |CDs, catch basin types, and interconnected CBs.
e Details/cross-sections for spills as required.
e Overland escape routes (arrow) must be clearly delineated.
e Concrete drainage gutter locations and details for deep or non-standard gutter sections.
e Direction of drainage flow (arrow) including slopes, high points and low points.
e Catchment |.D’s.
e Original ground contour lines.

DR 2 Storm Drainage

Full size Storm Drainage drawing (identical to drawing in construction set), including:

e Professional Engineer’s stamp which has been signed and dated.
e Drainage area boundary lines.

e Drainage area sizes and release rates.

e Minor system table that follows a logical flow pattern.

e |CDs, catch basin types, and interconnected CBs.

e Pipe layout including pipe sizes and manhole numbers.

e Overall drainage plans if applicable.

e Pipe numbering system if applicable.

DR 3 Storm Pond (if applicable)

DR 4  Source Control Practices (if applicable)
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REFERENCES

° Computer model User’'s Manual.
o  City of Calgary Stormwater Management & Design Manual.

° MDP report or SWM reports which provide the basis for the design objectives.
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