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EXECUTIVE SUMMARY
The Nose Creek Internal Drainage Areas Study looks to develop policies and procedures for the
management of stormwater for new development within localized internal drainage areas, which
naturally do not contribute drainage directly to Nose Creek and its tributaries.

The Nose Creek

Watershed Water Management Plan (NCWWMP, 2008) recommended that internal drainage areas
should remain isolated from the effective watershed areas as much as possible as they play an
important role in maintaining the hydrological regime, in particular for groundwater recharge and
evapotranspiration processes. The NCWWMP specifically states:
“For extreme events, where precipitation exceeds local infiltration capacity, runoff may be
directed toward the Creeks via conveyance methods designed to promote retention and
infiltration, provided that the Runoff Volume Control Target has been achieved”.
This study explores the definition of an extreme event in the context of a water balance perspective for
typical development scenarios and provides guidance on the practices and procedures that should be
followed to ensure the intent of the NCWWMP is being met.
The Study identifies that the most suitable LID practices are dependent on the development type, but
key practices include absorbent landscapes, bioretention and stormwater reuse for irrigation. More
traditional end‐of‐pipe facilities, including constructed wetlands, wet ponds and detention ponds, will
also play an important role, particularly during more significant events.
Internal drainage area development scenarios were modeled for a range of runoff volume control
targets and maximum allowable release rates.

Analysis of stream impulse (erosion potential)

demonstrated that the increase in stream impulse is proportional to the discharge volume from the
internal drainage areas. Also, the higher maximum allowable release rates did not increase stream
impulse, but rather slightly reduced stream impulse.
These findings assisted setting runoff volume control targets that balance the requirement to discharge
flow during extreme events and minimize erosion impacts in the main tributaries of Nose Creek and
West Nose Creek. The table below provides the recommended runoff volume control target and the
maximum allowable release rates for Nose Creek and West Nose Creek based on a phased
implementation approach.
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Average Runoff Volume Control Target (mm)
Date of Implementation
Nose Creek
West Nose Creek

2013
16
26

2017
11
17

2021
6.1
9.6

Maximum Allowable
Unit Area Release Rate
(L/s/ha)
2013
1.257
0.99

The runoff volume control targets are set at the predevelopment runoff volumes for Nose Creek and
West Nose Creek as given in the NCWWMP. The maximum allowable release rate is set at the same rate
as development that contributes directly to Nose Creek or West Nose Creek to provide consistency
across the catchment.
Investigations and reporting procedures are recommended to ensure that future development meets
the runoff volume targets, including:
•

Lake/Wetland Management Plans: identifying the hydrological regime of existing wetlands,
sensitivity and class of the wetland/lake, existing infrastructure constraints, wetland
augmentation measures, discharge triggers and methods to discharge to Nose Creek and its
tributaries.

•

Low Impact Development Assessments: including compliance, backup strategies and sensitivity
analysis to test robustness of proposed strategy.

•

Groundwater Analysis: including soil and hydrogeological information such as soil sampling, soil
testing, infiltration assessments, identification of confining layers, groundwater monitoring and
infiltration impact assessments.

•

Environmental Assessments: including wetland management and erosion impacts to local
tributaries feeding into Nose Creek or West Nose Creek.

•

Water Balance Modeling: analysis methods and reporting.

A draft policy statement guiding stormwater management required for developments within the
internal drainage areas is provided. This policy includes average annual volume targets for proposed
development, the management of environmental flows to natural wetland areas and discharges to Nose
Creek or its tributaries during extreme events.
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1.0

INTRODUCTION

1.1

Overview
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Nose Creek is a tributary of the Bow River, arising in the vicinity of the Town of Crossfield and flowing
south into the Bow River. West Nose Creek is a major tributary of Nose Creek. Internal drainage areas
are localized areas in the Nose Creek Watershed that do not contribute drainage directly to Nose Creek
and West Nose Creek. Precipitation normally disperses through evaporation and infiltration, with runoff
and groundwater draining to localized wetlands and lakes such as McDonald Lake. A portion of this
groundwater also discharges to Nose Creek and its tributaries. Runoff rate and volume control targets
for development applicable to the Nose Creek Watershed are included in the Nose Creek Watershed
Water Management Plan (NCWWMP). As a result of the recommendations contained in this plan, the
Nose Creek Watershed Partnership (the Partnership) has identified the need to undertake an internal
drainage areas study to provide guidance and recommendations for stormwater management in non‐
contributing internal drainage areas. The Partnership has authorized MPE Engineering Ltd. to complete
this study.

1.2

Background

The Nose Creek Watershed is under increasing pressure from growth in urban development impacting
existing sensitive wetland areas, flooding established development and infrastructure, and
environmentally degrading downstream water courses. Much of the past urban development provided
inadequate measures to protect the environment against these impacts due to limited knowledge and
understanding of the issues, the associated implications, and the mitigation practices. This led to weak
and incomplete stormwater management policy requirements for development, which resulted in the
use of more traditional methods of practice, including detention basins, wet ponds with forebays for
limited water treatment, and the modification and realignment of streams to improve drainage capacity.

In 2008, the NCWWMP established a plan to manage various water dependent aspects within the
catchment, including water conservation, water quality, riparian protection and protection of natural
features. It specifically addressed stormwater objectives relating to water quality, volumes and peak
flows for new development including the setting of maximum allowable release rates, runoff volume
control targets and recommendations for low impact development practices. Significantly stricter
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requirements for the management of stormwater were established using a science‐based approach to
manage stormwater in a manner that minimizes impacts to the environment and existing infrastructure.
Practical and achievable policies were developed to protect wetlands, riparian environment and physical
infrastructure. To date, the NCWWMP has been used to guide development within the basin, including
the internal drainage areas. However, NCWWMP does not clearly set out the targets, requirements and
procedures that should be followed to ensure proposed developments located in the internal drainage
areas are compliant with the objectives and intent of NCWWMP. This study will begin to address this.

One of the principles stated in NCWWMP is to maintain the hydrological function of internal drainage
areas located in the eastern and western‐most areas of the watershed (refer to Figure 1 for locations of
internal drainage areas). The NCWWMP recommended that the internal drainage areas should remain
isolated from the effective watershed areas as they play an important role in maintaining the
hydrological regime, in particular for groundwater recharge and evapotranspiration processes.

However it was recognized that large parts of these internal drainage areas may become inundated
during prolonged wet weather periods thus potentially impacting existing or proposed development
and/or infrastructure within these areas. To address these impacts, Section 8.3.2 (4b) of the NCWWMP
specifically states:
“For extreme events, where precipitation exceeds local infiltration capacity, runoff may be
directed toward the Creeks via conveyance methods designed to promote retention and
infiltration, provided that the Runoff Volume Control Target has been achieved”.

In order to interpret this statement, an understanding is needed of what an extreme event is, what its
impacts on Nose Creek and its tributaries are, especially with respect to the creek’s environmental and
flood conveyance function.

Within the internal drainage areas, various types of ephemeral and permanent wetlands have formed,
adapted to the hydrological regime created by the natural variability of the climate and geomorphology.
Urban development can interrupt this balance, often resulting in significant changes in wetland type,
ecological community composition and underlying hydrogeological conditions. Impervious area and
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land disturbance practices change the nature of the flow entering these water bodies (i.e., change
quantity, frequency and timing), due to significantly lower evapotranspiration rates and to a lesser
extent reduced infiltration within the developed catchment. Urban runoff increases pollutant loadings,
potentially changing the chemical composition of existing water bodies and streams. This can result in
detrimental impacts such as weed growth, algae blooms and reduced dissolved oxygen levels. Often,
excess flow is directed towards the main tributaries of the Nose Creek Watershed in order to protect
existing infrastructure. This typically increases the rate of erosion and geomorphic change, resulting in
increased risks to existing infrastructure as well as suboptimal conditions for riparian and ecological
communities to survive and flourish. Urban development impacts on wetlands and streams require
approval and may require compensation under the Water Act.

1.3

Purpose of Study

Future development should minimize these adverse impacts by adopting suitable practices that reflect
the nature and extent of the development, the risk to our infrastructure and the environment. The
purpose of this study is to provide overall guidance on the main issues that need to be considered, and
procedures that should be followed to ensure stormwater is managed in appropriate ways to better
protect sensitive wetlands, existing development and the downstream watercourses from additional
runoff generated by proposed development within the internal drainage areas.

Some of the key issues and questions that need to be considered when developing these guidelines
include:
•

What is the future level of imperviousness in a catchment?

•

What is the sensitivity of the wetlands in a catchment and how are they to be incorporated into
the stormwater management plan for an area?

•

What is the infiltration capacity of a catchment for absorptive practices?

•

Is the measured infiltration capacity realistic over the long term? Will it result in groundwater
mounding, reduced infiltration capacities, higher groundwater discharges to wetlands, adjacent
seepage and basement flooding issues?
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Figure 1 Location of Internal Drainage Areas (source NCWWMP)
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What is the character of an internal drainage area? The differences that can be expected within
individual internal drainage areas need to be considered, including natural features, future
extent and type of development, and opportunities to manage stormwater.

•

What is the impact of internal drainage area discharges on Nose Creek or its tributaries?

•

How can internal drainage areas be considered in a more integrated way? Many of the more
recent plans consider site‐specific issues and have not always considered each internal drainage
area or groups of areas as a combined system.

•

Can local or regionally integrated re‐use strategies be considered?

•

What is the capacity of an internal drainage area based on topographical constraints and an
assessment of risks to existing development?

1.4

Study Approach

The major tasks included in this project are as follows:

1.

Identify methods of practical and cost‐effective stormwater management in the lands upstream
of self‐contained waterbodies located in is, in accordance with the recommendations specified
by the NCWWMP, and the need to protect sensitive wetland areas.

2.

Evaluate options to convey runoff from the self‐contained water bodies into Nose Creek and
West Nose Creek (the creeks) including an assessment of the water levels that will trigger water
discharges from the self‐contained water bodies into the creeks.

3.

Conduct a water balance analysis to verify the number of events that would generate a
discharge to the creeks.

4.

Define what an “extreme event” is as per Section 8.3.2 (4b) of the NCWWMP and determine the
acceptable frequency of stormwater runoff discharges and unit area volume allowed from the
self‐contained water bodies to the creeks.

5.

Evaluate the impacts on the creeks from erosion and flooding due to the discharges from the
self‐contained water bodies. The acceptable duration of the discharges needs to be evaluated.

6.

Identify the computational procedures to be followed and information to be submitted by
proponents of future developments wishing to direct stormwater runoff from the self‐contained
water bodies into the creeks.
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Develop clear, concise and practical guidelines to manage stormwater runoff in the internal
drainage areas. The guidelines need to be consistent across jurisdictional boundaries. The
guidelines need to take into consideration future development needs in the internal drainage
areas.
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Introduction
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Development within internal drainage areas will require stormwater to be managed in an integrated
way to ensure that existing wetlands, lakes and infrastructure are protected and volume reduction
targets are met so that discharges to Nose Creek and its associated tributaries occur only during
extreme events.

Ultimate runoff volume control targets for the Nose Creek Basin have been set at 17 mm for West Nose
Creek and 11 mm for the Nose Creek main stem (Table 8.1 of the NCWWMP). It is important to
recognize that these above targets are based on the effective catchment areas rather than the gross
area and are higher than the predevelopment volumes. Therefore, the runoff volumes discharged from
the developed catchment, including from the internal drainage areas, will typically exceed the
predevelopment volumes. The plan permits phasing in of these ultimate targets reflecting the time
needed for the development industry and government agencies to become more familiar with the
required stormwater management practices; however, this study assumes that the ultimate volume
targets have been adopted. Maximum release rates for development within Nose Creek and West Nose
Creek have been set at 1.257 and 0.99 L/s/ha, respectively (Section 8.3.2 of the NCWWMP).

An overarching plan should be developed when multiple developments are located within an internal
drainage area, or where it is beneficial to combine areas to provide a more integrated plan. Runoff
targets could then be set for the different scales of development, including local on‐site, broader
subdivisions, and the overall internal drainage area. The goal would be to protect wetland areas and to
achieve the adopted discharge target set out in the Nose Creek Plan.

Appropriate analysis will be required to show that the proposed stormwater measures and facilities are
adequately sized to achieve the volume reduction targets from the developer’s specific site area as
required by an overall water management plan.

This section explores the range of stormwater management practices that could be applied in
development of an internal drainage area and discusses the definition and impacts of extreme events.
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Stormwater Impacts from Development

The impact of development on the generation of runoff volumes over a range of percent imperviousness
is shown on Figure 2. The figure illustrates the average annual runoff depth generated by catchments of
different percentage imperviousness, and the type of practices that could be employed to achieve the
runoff volume targets required by the NCWWMP. An estimate of the runoff volume generated from
significant events such as the 100 year 24 hour storm and the June 2005 event indicates that individual
events can be lower or higher than average.

350
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Figure 2 Runoff Volumes and Targets
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Review of Stormwater Management Options

To minimize impacts on sensitive wetlands and to achieve the volume target within a development that
limits discharges and impacts on the Nose Creek water courses, three key types of stormwater
management practices can be employed:
•

minimize the generation of runoff

•

retain runoff on‐site through evapotranspiration, infiltration and re‐use

•

capture, hold and re‐use runoff within a development or regional system

The extent to which these practices need to be provided (and the associated cost) is directly related to
the imperviousness of the catchment or development as illustrated on Figure 2.

Low Impact Development (LID) practices are an emerging science in stormwater management and
include planning through site design and the application of Source Control Practices (SCPs). SCPs
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. More traditional end‐of‐pipe facilities can
also play an important role, particularly during more significant precipitation events. These include
constructed wetlands, wet ponds and detention storage areas.

In addition to hydrologic / hydraulic loading rates, the effectiveness of the various stormwater practices
will depend on the level of maintenance and operation compliance that is achieved. In order to identify
suitable LID practices for any internal drainage area, a number of factors need to be considered
including function (i.e., volume reduction/water quality treatment capabilities), operation and
maintenance requirements, and location (i.e., on public or private land). The location is important as
the owner is typically responsible for the future maintenance and therefore the long‐term performance
of a facility. The performance of potential stormwater management practices based on an assessment
by MPE is summarized in Table 1. Further description of individual practices is provided in Table 2 and
their suitability for internal drainage areas is given in Table 3 Suitability of Source Control Practices.
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Peak Flow
Reduction

Maintenance
Requirements

Operation
Requirements

Capital Cost

Suitability on
Private Land

Suitability on
Public Land

Better Planning
Practices
Maintain Natural
Undisturbed Areas
Minimize
Impervious Area
Absorbent
Landscape
Bioretention / Rain
Garden
Permeable
Pavement
Green Roof
Rain Tank &
Irrigation
Rain Tank for Non‐
potable Use
Bio Swales
Swales
Stormwater Reuse
Wet Ponds
Extreme Event
Storage Zones
Constructed
Wetlands
Engineered Natural
Wetlands

Volume
Reduction

BMP
Practice

Pollutant
Removal

Table 1 Stormwater BMP Performance Matrix

M

M

M

N/A

N/A

L

H

H

H

H

H

L

L

L

H

H

M

M

M

L

L

L

H

H

H

H

M

L

L

L

H

M

H

L‐M

M‐H

H

L

M

M

H

M

L‐M

M‐H

M‐H

L

H

M

M

L

M‐H

L‐M

M‐H

L

H

H

L

M

M

L

M

H

H

H

L

M

M

L

M

H

H

H

L

M
L
M
M

L‐M
L
M‐H
L

M
L
M
H

M
M
M
M

L
L
H
L

L
L‐M
M
H

L
H
M
L

H
L
H
H

L

L

H

L

L

L

L

H

H

L‐M

M‐H

M‐H

L

H

L‐M

H

M

L‐M

M‐H

M‐H

L

M

L‐M

H

Performance Notation: L – Low, M – Medium, H – High, N/A – Not Applicable
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Table 2 Stormwater BMP Description and Discussion

Practice
Better
Planning
Practices

Maintain
Natural Areas

Minimize
Impervious
Areas
Absorbent
Landscape

Bioretention

Bio Swales
Green Roof

Description,
Key Benefits/Disadvantages
The positioning of the development within the site, the road and lot layout and the
arrangement of buildings on a lot can significantly influence the hydrology and water quality
performance of a development. In addition to managing the increase in runoff volume, care
needs to be taken not to significantly change the hydraulic loading of adjacent wetlands,
including significantly reducing or increasing the runoff volume they receive. Best practices
should be used to avoid these issues at the planning and the design phase of a development.
Natural undisturbed areas generally have a higher infiltration and holding capacity than
disturbed areas. They will be most effective where runoff from impervious areas can be
directed and evenly distributed over such natural areas provided that the quantity and quality
is closely controlled. This is one of the key practices that should be implemented for low
density development in the Nose Creek Watershed.
Reducing imperviousness of a development not only reduces the volume of runoff but also
provides more opportunity for the pervious area to absorb runoff from the impervious areas.
Developing cluster developments, reducing road widths and reducing building footprint by
“building up” are examples.
Absorbent Landscapes use thickened topsoil to provide additional capacity to absorb and hold
direct rainfall and distributed runoff from adjacent impervious areas such as paving and roofs.
They also promote infiltration and evapotranspiration similar to the original natural areas.
Absorbent landscape areas would complement the desire of most property owners to beautify
the property. The material for these types of landscape would ideally come from the topsoil
stripping process for the building site and may require amendment to achieve the desired
properties. Site grading and spreading of surface runoff from impervious areas are important
components but the construction and maintenance of these practices is relatively
straightforward. It is critical that the absorbent landscape material and subsoil do not become
over‐compacted during construction or ongoing operation. Absorbent landscaping is
considered a practical and reliable LID practice that is ideally suited as a source control practice
on private lots.
Bioretention (commonly called rain gardens) can provide a similar function to absorbent
landscapes. If no under‐drain is present below the filtration media, it will act like a soakaway
area. If an under‐drain is present, it will provide more of a runoff filtration process with a
reduced infiltration capacity. Bioretention is typically designed to accept concentrated runoff
and therefore more suited to accepting roof and road runoff. As rain gardens have a higher
hydraulic loading, they need higher levels of design input and higher maintenance
requirements, especially during construction, as there is more potential for failure than
absorbent landscape. This could be due to being undersized, to unsuitable growing media
resulting in ponding, to plant selection not matching wetting and drying regime of the soil.
These problems can result in owners desiring to remove them due to nuisance issues, which
become problematic for long‐term performance.
Bio Swales have a similar function to vegetated swales but provide additional treatment
capacity through the use of a filtration media and may have an underdrain.
Green roofs involve placing a vegetated growing media layer on a roof to enhance
evapotranspiration and reduce runoff volumes. They are especially effective in controlling
intense, short‐duration storms. They are typically used in higher density commercial and
residential settings. Provide minimal water quality benefit.
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Table 2 Stormwater BMP Description and Discussion (continued)
Practice
Permeable
Pavement

Rain Barrel &
Irrigation

Cistern & non‐
potable Reuse
Vegetated
Swales

Extreme Event
Storage Zones
Stormwater
Reuse

Wet Ponds

Constructed
Wetlands

Engineered
Natural
Wetlands

Description,
Key Benefits/Disadvantages
Permeable pavements can reduce runoff from hard surfaces by allowing rainfall to infiltrate the
surface and be stored in the open underlying pavement from where it percolates further into
the ground or evaporates back through the surface. Permeable paving is mostly suited for low
traffic areas and requires specialist design, installation and maintenance requirements and is
often costly to install and maintain. Using permeable paving (porous concrete and asphalt,
pavers) and gravels and reinforced grassed areas for infrequent vehicle and foot traffic areas
are means to reduce the impervious surfaces in developments. Suitable construction,
operation and maintenance procedures are required for long‐term performance.
Rain barrels or tanks that store water from impervious surfaces such as roofs can be used for
irrigation. The water balance is 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
some of the installations may be prone to neglect or lack of use and therefore may not be fully
relied upon for the long‐term management of runoff.
Cistern, rain tanks or vaults can be used for non‐potable uses such as toilet flushing or other
commercial uses. Stored water should be utilized regularly to be an effective LID practice (e.g.
toilet flushing).
The main function of vegetated swales is to convey runoff in a manner that allows some
infiltration and water quality treatment, while providing flood protection capacity during a
significant rainfall event. Slope and vegetation cover are important components to encourage
siltation and to minimize erosion. Development in many parts of the Nose Creek catchment
currently relies on this type of system to convey runoff from developed areas.
These storage zones provide retention/detention storage areas for large precipitation events.
They are typically located around wet ponds and constructed wetlands and are inundated
infrequently by shallow ponding, which may exist for extended periods during this time.
Stormwater that is captured in wet ponds and other storage facilities can be reused for
irrigation of parks, golf courses, toilet flushing in commercial, institutional, residential buildings
and for industrial processes. The level of treatment will be dependent on the level of exposure
to humans and required quality for the intended use.
Wet ponds are traditional end‐of‐pipe solutions which are primarily used to reduce peak flows
and provide water quality treatment, specifically reduction in sediment. They do have some
volume control function due to evaporation and possibly infiltration into the underlying soils.
An oversized shallow wet pond can function much like an evaporation basin.
Constructed wetlands provide the key functions of retention, detention, pollutant removal in
addition to providing increased habitat, an amenity and a buffer zone to adjacent wetlands and
streams. Wetlands and ponds usually provide the last opportunity to minimize development
impacts, particularly when there is limited ability to incorporate LID practices within the road
ROW.
Engineered Natural Wetlands involve modifying existing wetlands to improve the hydraulic,
biological and habitat function and can accept treated stormwater. Natural wetlands located
at the bottom or at an intermediate level within an internal drainage area will likely require
stormwater surface or subsurface inflows to maintain their hydraulic regime.
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On‐site Source Control Practices

The effectiveness of the specific on‐site LID practices has been assessed against a number of factors as
shown in Table 3.

Required to be
Operated

Nuisance
Potential

Difficulty to
Relocate

Aesthetic
Value

Maintain
Natural Areas
Absorbent
Landscape
Bioretention /
Rain Garden
Porous
Pavement
Green Roof
Rain Barrel &
Irrigation
Cistern & Non‐
Potable Reuse

Maintenance
Requirements

Site LID

Design / Install
Expertise

Table 3 Suitability of Source Control Practices

L

L

L

L

H

H

L

L

L

L

L

H

M

M

L

L‐M

M

H

H

H

L

L‐M

M

M

H

M

L

L‐M

H

M‐H

M‐L

M

H

H

M

L

H

M

H

H

H

L

Notation: L – Low, M – Medium, H – High

LID practices have been shown to be effective in controlling the volume of stormwater generated either
on its own or in combination with wet ponds/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 socially acceptable specific LID practices are and the
likelihood that they will remain operational. Consideration is also given to what potential mechanisms
or encouragement/incentives can be provided to ensure they remain operational over the longer term.

2.3.2

Communal Stormwater Management Facilities

In order to achieve the volume discharge targets in Nose Creek, more traditional end‐of‐pipe facilities
will be required in combination with the LID practices. These facilities will typically undergo significant
variation in water levels from the peak of a typical wet year and the low level at the end of a dry year,
particularly where stormwater is being reused for irrigation or other purposes. These facilities could be
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designed so they provide areas that have permanent water including a liner where the soils are too
permeable and higher infiltration zones at higher elevations, as the water spreads out onto park areas.

The challenge will be to maximize the recreational benefits of these areas as they will be inundated on
an infrequent but sometimes prolonged basis. Municipal Reserve designations should permit public
space that provides a significant recreational and public amenity plus an infrequent stormwater
function.

This would encourage developers to implement a range of LID practices across the

development rather than providing an oversized end‐of‐pipe facility, taking a larger land area.

2.3.3

Suitability Assessment of Stormwater Management Practices and Facilities

A suitability assessment of the range of stormwater management practices potentially being applied to
various types of development within the study area is presented in Table 4. The key conclusion is that
specific practices are more suited to specific types of development.

2.3.4

Management of Existing Wetlands

Development often results in the diversion of runoff away from a wetland that would have naturally
drained to it. Therefore, it may be beneficial to direct stormwater to these wetlands and/or potentially
incorporate or convert them to engineered natural wetlands. Any discharge would need to be strictly
managed so the quantity of water would mimic predevelopment conditions. The water quality of the
discharges would also need to be adequately treated using LID practices and constructed wetlands, for
example. Any modification or impact to existing wetlands needs to be assessed by Alberta Environment
and Sustainable Resource Development (ESRD). Wetland compensation may be incurred, depending on
the nature of the impact and/or the type of wetland effected. Either way, they remain part of the
overall water balance for a catchment. Ideally, they should mimic the hydrological regime from the pre‐
development condition; however, replicating this may be difficult in most cases, unless appropriate
provisions are provided in the upstream catchment. One potential method could involve an outlet from
an adjacent wet pond or constructed wetland. This outlet could be designed so that the average annual
volume discharged is similar to the average annual pre‐development volume. Depending on the
arrangement, it would be possible to mimic the seasonal conditions as the adjacent wet pond would be
highest during the wettest period and lowest during the driest period, hence simulating the natural
inflows in the pre‐development condition.
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Table 4 Suitability of Stormwater Practices

Retail/
Commercial

Industrial

Country
Residential

Parks &
Recreation

Cluster

Small
Development

Large
Development

Maintenance
Primarily by
Municipal /Private

Better Planning
Practices
Maintain Natural
Areas
Minimize Impervious
Area
Absorbent
Landscape
Rain Garden
Vegetated Swales
Bio‐swales
Green Roof
Permeable
Pavement
Rain Barrel &
Irrigation
Cistern & Non‐
potable Reuse
Wet Pond
Extreme Event
Storage Zones
Wetlands
Stormwater Reuse

Multi Residential

BMP Practices

Residential

Development Type

M‐H

L

L

L

H

L

H

H

M

P/M

M‐H

L

L

L

H

H

H

H

M

P/M

M

L‐M

L

L

M‐H

M‐H

H

M‐H

M

P/M

M‐H

L

L

M

H

H

H

H

H

P

L‐M
M
M
L

M
L
L
M

M
L
M
H

M
H
H
M

M
H
H
L

M‐H
H
H
L

M‐H
M
M
L

M‐H
H
H
L

M
M
M
L

P/M
M
M
P

M

L‐M

L‐M

L

L

L

L

M

L

P/M

H

L

L

L

M

L

M

H

M

P

M‐H

H

H

M‐H

H

L

M

M‐H

M

P

H

H

H

H

M

M

M

L

H

M

M

L

M‐L

M

L‐M

H

H

M

H

P/M

M‐H
M

H
H

M
H

M
L‐M

M‐H
L

H
H

M‐H
M

L
L‐M

H
H

M
M

Notation: L – Low, M – Medium, H – High, M – Municipal, P – Private
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An extreme event for an internal drainage area cannot be easily equated to return period event
probability, a method often used for design events for rainfall, stormwater drainage and/or flood flows.
This is because it is highly dependent upon the antecedent moisture conditions, simply put, it is a
function of how much stormwater accumulates in the different facilities before the discharge level is
reached and what magnitude of rainfall occurred in previous months and years. Discharges are likely to
occur during or soon after significant rainfall events particularly when they follow extended wet periods.
Actual discharges will be dependent on the type of development, the LID practices that are applied, the
storage volume available, and the capacity of the soil to infiltrate as will be shown by the water balance
modeling.

The Bearspaw Master Drainage Plan (MPE 2007) provides a definition of an ‘extreme event’. It is any
condition or event that:
1. Produces runoff that cannot be adequately accommodated on‐site by existing storage,
infiltration, and/or evaporation, or
2. Threatens public or private property sufficiently to trigger the MD’s Flooding Response Guide, or
similar protocol.

This definition primarily considers developed internal drainage areas to ensure that drainage discharges
can occur at levels which protect existing development, however, it ignores impacts on the downstream
drainage course. The Nose Creek volume targets contained in the NCWWMP specifically apply to new
development. Because past stormwater management practices often underestimated the impacts of
prolonged wet weather periods, it may be necessary to discharge flows from existing developed areas
into Nose Creek (or its tributary) at potentially more frequent and higher rates than those set for future
proposed development.

When new development occurs within an internal drainage area that has existing constraints,
stormwater needs to be managed so that it does not impact existing infrastructure, and it does achieve
the discharge targets set for future development areas. In other words, even though it might be
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permissible for the existing development to discharge a higher volume to protect infrastructure,
property and life, the new development will need to meet the targets set by the NCWWMP.

Another way to view the definition of an extreme event would be to ensure the proposed development
provides adequate LID practices, and end‐of‐pipe facilities to meet a set volume being discharged to the
main Nose Creek stem of its tributaries. The target would be set considering the estimated impact
different volume control targets have on the receiving drainage courses. Typical volume control targets
to be investigated could range from the ultimate Nose Creek volume control targets set out in the
NCWWMP to predevelopment or lower values.

2.4.2

June 2005 Extreme Event

Extreme long duration events such as the June 2005 rainfall event generate significant runoff volumes
from both the developed and natural portions of the internal drainage areas. This month‐long event
resulted in 280 to 380 mm of rainfall on the western side of Calgary, dropping down to 240 mm on the
eastern side of Calgary, with 248 mm measured at the Calgary Airport (MPE 2007).

The Bearspaw Master Drainage Plan (MPE 2007) provides an estimate of the runoff volume generated
from the June 2005 event for a catchment within Church Ranches, which has an imperviousness of
about 20 percent. The estimated volume generated from the catchment equated to 1,590 m3/ha or a
runoff depth of 159 mm based on site observations. While this may not be representative of all the
internal drainage areas, it indicates the magnitude of stormwater that may need to be managed during
an extreme event. The Plan demonstrated that such rainfall events are not that uncommon, with seven
similar magnitude events occurring over the past 110 years at the Calgary International Airport.
Therefore, any analysis should be based on continuous simulation which not only includes the June 2005
event but also drier years to understand how the proposed stormwater management features are
influenced by the variability of climatic conditions.

2.4.3

Potential Impacts on Internal Drainage Areas

It will be important to determine the runoff potential from these types of events so that proposed
development and buildings are protected and existing development is not impacted by future
development.
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Currently, numerous internal drainage areas either spill or are pumped (to protect flood prone
properties) into adjacent downstream internal drainage areas or streams. This can have a cascading
effect, resulting in impacts to downstream existing development and potential degradation of wetlands
and streams. Therefore, conveyance options will need to consider the location and sensitivities of
downstream catchments and creeks and the potential for flooding, erosion and damage to the
environment.

Modification to spill point elevations can be considered only after proper evaluation of the potential
downstream impacts.

2.4.4

Wetland Mitigation Strategies

Existing natural wetlands located in an internal drainage area may need to accept stormwater to sustain
the wetland when adjacent lands are developed, provided that the quantity and quality of the inflow are
controlled, as discussed in Section 2.3.4 above. They could also be used as temporary storage during
extreme events or integrated into engineered natural wetlands, where they may become modified
wetlands with more water level variation or more permanent water than previous existed. The decision
on how to manage specific wetlands will depend on their class, environmental sensitivity, and location,
plus the type of development and proposed practices and facilities. Approval to use a natural wetland
must be obtained from ESRD.

The lowest depression in each internal drainage area may become fall‐back storage areas if the
assumptions and analysis used to determine the stormwater management requirements have been
underestimated. To ensure wetlands do not become the safety valve for inadequately sized stormwater
management facilities, proper investigations and analysis will be required. A sensitivity analysis to test
the robustness of the design should also be required.

The lowest depression within the internal drainage areas can also become a terminal water body with
the potential to accumulate pollutants, without the benefit of flushing action associated with an outflow
or overflow. To maintain a healthy ecosystem in any wetlands, it will be necessary to pre‐treat
discharges in the upstream facilities prior to release.
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Evaluation of Significant Event Conveyance Options to Nose Creek or its Tributary

A conveyance system would typically be required for the internal drainage areas to ensure a discharge
overflow route to Nose Creek or its tributary is available during extreme events. The options available
will depend on a number of factors including the location of the internal drainage area, the location and
level of critical infrastructure (such as roads and buildings), the downstream capacity, and the
environmental constraints.

A number of conveyance options could be considered as described in

Table 5.

Whichever conveyance system is chosen for a particular location, the development of a coordinated
extreme flood response plan to deal with these significant events should be prepared for each region of
the watershed, particularly where existing constraints are significant.

Table 5 Internal Drainage Area Conveyance System Options
Conveyance
System

Description,
Key Benefits/Disadvantages

Gravity
Drainage

Where internal drainage area depressions are shallow, it may be possible to provide drainage
by gravity using underground storm sewers and open channels. These will be limited to
internal drainage areas that are large or used to combine a number of areas before discharging
to Nose Creek or its tributary.
Currently, a number of property owners pump their local depressions to adjacent areas; in turn
the downstream property owner pumps the accumulated stormwater from their depression
together with the flow from the upstream depressions. This type of system is typically low‐
capital cost as it often relies on portable pumps and force mains, but it can be maintenance
intensive and operationally costly requiring good coordination to avoid adverse impact to
properties and infrastructure. A more permanent system could be developed in suitable areas,
operated as an automatic system relying on float switches and appropriately sized pumps. This
generally requires an intensive and dedicated O&M program.
A single pump and force main system could be provided for large or isolated catchments that
are independent of adjacent internal drainage areas. It is not preferable to use this type of
system where a number of adjacent developments or internal drainage areas discharge into
the same tributary as it could result in a significant duplication of infrastructure.
Where there are multiple internal drainage areas and/or developments discharging into an
adjacent tributary, it is preferable that a common force main be used to reduce infrastructure
costs and right‐of‐way requirements. A network system could also allow the system to be used
for stormwater recycling (now or in the future) as an additional benefit.

Cascading
Pumps

Single Internal
Drainage Pump
System
Networked
Main System
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3.0

WATER BALANCE ANALYSIS AND EXTREME EVENT IMPACTS

3.1

Introduction

Section 8.3.2 (4b) of the NCWWMP states that for extreme events, excess runoff may be directed
towards the creeks provided the Runoff Volume Control Target has been achieved. Long‐term average
annual runoff targets for the main watershed are 11 or 17 mm for Nose Creek main stem and West Nose
Creek, respectively. Volume control targets for discharges from the internal drainage areas should be
set no higher than the overall Nose Creek targets and should be based on minimizing downstream
impacts in Nose Creek or its tributaries.

As described earlier, the higher impervious developments, such as commercial or industrial areas
require more extensive on‐site practices and stormwater management infrastructure to achieve the
average annual runoff target. Special consideration will be needed to maintain LID practices and
environmentally sensitive areas as there is likely to be a moisture deficit in dry years and a moisture
surplus in wet years. Therefore, the design and analysis needs to consider how to maintain the typical
pre‐existing hydrological regime for these sensitive environments while achieving the annual average
runoff targets from the associated developments. This can be achieved through a water balance
analysis.

This section discusses the approach taken to assess the timing and frequency of discharges to Nose
Creek or it tributaries from the internal drainage areas, including:
•

developing a model that incorporates runoff from the post‐development scenarios in
combination with the internal drainage area wetland hydrological characteristics to predict the
frequency and duration of discharges to West Nose Creek or Nose Creek

•

determining the impacts of discharging surplus runoff during extreme events to Nose Creek and
its tributaries

3.2

Modeling Approach

An analysis of a sample internal drainage area, which incorporates LID practices and stormwater
management measures for a range of land uses (refer Appendix A), has been provided as an input to an
overall catchment impact model.
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Nose Creek and West Nose Creek have stream flow records that are limited to approximately half the 51
year period that detailed precipitation records are available from the City of Calgary. Therefore, a
simulated stream flow record was produced in the main streams to provide a direct comparison of
discharges from the internal drainage areas. A summary of the hydrological modeling approach,
technical details of model selection, modeling process and results are provided in Appendix A.

An assessment of the impact on Nose Creek and West Nose Creek is determined by combining the
discharges from the internal drainage areas with the flows within the main creeks. The impulse or
erosive potential of the additional flow was evaluated to assist in setting suitable volume and peak flow
targets for the internal drainage areas. This involved using a typical creek cross‐section and channel
slope to determine the tractive force of water in the stream for a range of flow conditions.

The equation for tractive force is given as follows:

τ = tractive force (N/m2)
ρ = density of water (kg/m3)
g = gravity acceleration (m/s2)
R = hydraulic radius (m)
S = slope of water surface (m/m)

Impulse is the sum of tractive forces over time by considering the flow characteristics in the watercourse
and is represented by the following equation:
∑

I = impulse (N.h/m)
τ = tractive force (N/m2)
P = wetted perimeter (m)
T = time (hr)
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A cross‐section along West Nose Creek near the City of Calgary limits has been used to determine the
relationships between flow, tractive force and impulse, which are represented graphically in Figure 3.
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Figure 3 Tractive Force and Daily Impulse Relationships

Impulse is only summed when stream flows are above a critical tractive force, which is dependent on
the characteristics of the stream bed/banks and the characteristics of the flow, specifically, if the flow is
clear or contains suspended silt as described by Pemberton and Lara (1984). The critical tractive force
and critical flows for the same typical cross section in West Nose Creek is given in Table 6.
Table 6 Critical Tractive Force

Stream Materials
Sandy Silt
Silty Clay

Critical Tractive Force (N/m2)

Critical Flow (m3/s)

Clear Water

Suspended Silts

Clear Water

Suspended Silts

1.8
2.3

3.6
5.3

0.14
0.22

0.70
3.08

A water balance model was developed which combines the discharges from the internal drainage areas
with the flow in the West Nose Creek and Nose Creek tributaries. The impulse analysis component of
the modeling adopted a critical flow of 0.7 m3/s. A sensitivity analysis indicated that higher or lower
critical flow values essentially gave similar results.
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3.3

Assessment of Internal Drainage Area Discharge Impacts

3.3.1

Analysis Assumptions for the Nose Creek and the West Nose Creek Catchments

Discharge increases to the Nose Creek system are estimated by combining the discharge from the
internal drainage areas to the daily flows in Nose Creek or West Nose Creek considering the potential
contributing areas.

The flows from the internal drainage areas are calculated based on the contributing areas as shown in
Table 7, with a contribution from country residential, residential and commercial/industrial
development. An analysis was conducted using a range of discharge rates and annual average discharge
volumes (given in Table 8) up to the maximum rates for development within the main watershed.

Table 7 Drainage Areas and Land Use Assumptions

Location

West Nose Creek
66% IDA developed
West Nose Creek
IDA fully developed
Nose Creek
IDA fully developed

Direct
Drainage
Area (Km2)

Internal
Drainage
Area (Km2)

186

Internal Drainage Area Land Use Assumptions
Country
Residential
(Km2)

Urban
Residential
(Km2)

Commercial /
Industrial.
(Km2)

72

40

20

12

186

108

60

32

16

409

74

10

20

34

Table 8 Selected Discharge Rate and Volume Targets
Discharge Rates
(L/s/ha)
West Nose Creek
Nose Creek
0.99
1.257
0.65
0.99
0.3
0.65
0.3

Average Annual Discharge Volumes
(mm/yr)
West Nose Creek
Nose Creek
17
11
12.75
5.5
8.5
4.25
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Impulse Analysis Results for the West Nose Creek and the Nose Creek Catchments

A summary of the impulse analysis for West Nose Creek near the Stoney Trail overpasses has been
provided for a critical flow of 0.7 m3/s which is a sandy silt with suspended silt flow, see Figures 3
through 5.
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Figure 4 Impulse for 66% Development of the West Nose Creek IDA
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Figure 5 Impulse for 100% Development of the West Nose Creek IDA
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A summary of the impulse analysis for Nose Creek has been provided in Figure 6 also for a critical flow of
0.7m3/s.
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Figure 6 Impulse for 100% Development of the Nose Creek IDA

The analysis of the estimated flow impacts in West Nose Creek and Nose Creek indicates that impulse
increases proportionally with increasing annual average discharge volumes from the internal drainage
areas. This is because discharges from the internal drainage areas typically occur when the main
watercourses also exhibit higher flows. Therefore, flows from the internal drainage areas will typically
increase the stream impulse. It was also found that the higher discharge rates have a tendency to
reduce the incremental increase in stream impulse. This is because there is a slightly non‐linear
relationship between flow and impulse as shown in Figure 3.

3.3.3

Impacts for Recommended Internal Drainage Area Stormwater Controls

The daily discharge in West Nose Creek and Nose Creek upstream of the City of Calgary developed area
(approximate alignment of Stoney Trail) for the runoff volume control target and maximum peak flow
discharge recommended by this study is shown in Figures 7 through 9.
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Flow duration curves are derived by combining the natural creek flows and flows from the internal
drainage areas using the recommended runoff volume control target (refer Table 10) are presented in
Figures 10 through 12.

3.3.4

Erosion Impacts of Internal Drainage Area Discharge

The flow duration curves provided in Figures 10 through 12 indicate that the internal drainage areas
only discharge to Nose Creek about 0.6% of the time and West Nose Creek about 1% of the time.
Discharges typically occur once every three years for Nose Creek and once every one to two years for
West Nose Creek, as shown by Figures 7 through 9. These discharges generally occur during medium to
high flow conditions and are typically above the dominant discharge. The Nose Creek Instream Flow
Needs Study, (WER, 2005) suggested that the dominant discharge is between 1 to 3% of the time which
is thought to exhibit the highest potential for erosion.
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Figure 7 Nose Creek Discharges for Recommended Stormwater Targets
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Figure 8 West Nose Creek Discharges for Recommended Stormwater Targets
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Figure 9 West Nose Creek Discharges for Recommended Stormwater Targets
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Figure 10 Flow Duration Curves Nose Creek – Recommended Stormwater Targets
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Figure 11 Flow Duration Curves West Nose Creek – Recommended Stormwater Targets
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Figure 12 Flow Duration Curves West Nose Creek – Recommended Stormwater Targets

3.3.5

Flood Flow Impacts on Nose Creek and Tributaries

Table 9 summarizes the 1:100 year flows estimated by AENV (2000) for the main tributaries of Nose
Creek and the estimated peak discharge from the internal drainage areas given the recommended
maximum allowable release rate. As the maximum allowable release rate is based on the gross
catchment area, the discharges from the internal drainage areas should not increase peak flows above
the currently accepted 1:100 year flow rates.

Table 9 100 Year Flood Flow Impacts from Internal Drainage Areas

Location

100 Year Flow
(m3/s)

Internal Drainage Area
Contribution (m3/s)

West Nose Creek
Nose Creek

28.6
57.1

10.7
9.3
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Recommended Internal Drainage Area Stormwater Controls

Considering the above findings, there will be a need to provide a balance between the potential stream
impact and providing achievable maximum volume control targets from the internal drainage areas. As
the impulse reduces with increasing unit area discharge rates, it is recommended that they be set at the
same values as the catchment directly contributing to the main stream to provide consistency. As the
stream impulse is most sensitive to the annual volume reduction target, it is recommended that
volumes be set to the pre‐development volume stated in the NCWWMP for Nose Creek and West Nose
Creek, respectively. Similar to the NCWWMP, the annual runoff volume control targets for the internal
drainage areas should preferably be phased in over time.

Therefore the recommended maximum allowable release rates and runoff volume control targets,
based on a phased approach, shall be as shown in Table 10.

Table 10 Recommended Internal Drainage Area Stormwater Controls

Average Runoff Volume Control Target (mm)
Date of Implementation
Nose Creek
West Nose Creek

2013
16
26

2017
11
17

2021
6.1
9.6

Maximum Allowable
Unit Area Release Rate
(L/s/ha)
2013
1.257
0.99
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4.0

INTEGRATED WATER MANAGEMENT PLANNING INVESTIGATION REQUIREMENTS

4.1

Introduction

A number of investigations and analyses will be required to develop a Master Drainage Plan and
subsequent more detailed plans of an internal drainage area prior to it being developed. How these
investigations relate to the development planning process is identified in Figure 13. The first step in
developing a Master Drainage Plan is to define a study boundary. This should be based on a number of
factors including the potential outfall arrangement, and the influence of groundwater movements and
potential impacts. A schematic plan illustrating how the Master Drainage Plan and the more detailed
planning phases down to the subdivision detailed design level may be divided up is shown in Figure 14.

Land Use and
Outline Plan

Master
Drainage
Plan

Desktop / High Level
Investigations / Analysis

(Defined Study
Area)

Staged Master
Drainage Plan

Subdivision
Stormwater
Management
Report

Detailed Planning
Level Investigations

Detailed Site Level
Design Investigations

Biophysical Inventory
Biophysical Impact Assessment

Area Structure
Plan
Regional
Context Plan

Hydrological and Geotechnical Assessments

Nose Creek Watershed
Water Management Plan

Figure 13 Stormwater Management Planning
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Lake/Wetland
Management Plan
Master Drainage Plan
Staged Master Drainage Plan
Subdivision Stormwater
Management Report

Figure 14 Stormwater Management Planning Schematic

The steps required to develop the plan ensure that stormwater runoff is adequately managed within the
development, the broader catchment and the downstream receiving streams to show that sensitive
environments and existing infrastructure are protected. It should be demonstrated how stormwater is
to be controlled to maintain the hydrological regime of wetlands and lakes, and ultimately how excess
stormwater will be discharged to Nose Creek and its tributaries. The key components for a Master
Drainage Plan submission, as shown in Figure 15, should include:
•

Definition of the Master Drainage Plan study area.
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Lake/Wetland Management Plan identifying the hydrological regime of existing wetlands,
sensitivity and class of the wetland/lake, existing infrastructure constraints, wetland
augmentation measures and discharge triggers.

•

Stormwater Management Assessment of proposed developments including water balance
modeling, compliance, methods to discharge large events to a watercourse, backup strategy and
sensitivity analysis to test robustness of proposed strategy.

•

Geotechnical and Hydrogeological Investigation including soil sampling, soil testing, infiltration
assessments, identification of confining layers (if any), groundwater monitoring and infiltration
impact assessments.

•

Environmental Assessment including ecological and erosion impacts to downstream, local
tributary water courses.

Master Drainage Plan

Biophysical Inventory
Biophysical Impact Assessment
Environmental Assessments

Post Development
Stormwater Management
Assessment

Hydrogeological Investigations

Lake / Wetland
Management Plan
Geotechnical
Data

Water Balance Modeling
Low Impact Development Assessments
Sensitivity Analysis and Reporting

(Defined Study Area)

Integrated Stormwater
Management Reporting

Figure 15 Master Drainage Plan Development Process
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Similarly, the Staged Master Drainage Plan and subdivision Stormwater Management Report processes
would follow a similar development process to the Master Drainage Plan. However a more detailed
level of assessment is needed, based on a firmer understanding of the development layout and
constraints. The various components of these are discussed in the next sections.

4.2

Defining the Study Area

The Master Drainage Plan study area needs to be defined considering the potential hydrological and
hydrogeological influences between individual depressions and which areas might be combined to
provide a combined outfall to Nose Creek or its tributary.

Lake / Wetland Management Plan

4.3

A Lake/Wetland Management Plan should establish the environmental and hydrological characteristics
of a particular internal drainage area (or group of interconnected areas) and would involve a number of
steps establishing:
•

characteristics and environmental values of the lake/wetlands

•

extent of the contributing catchment, including the potential for groundwater to be fed from
adjacent catchments

•

existing hydrological regime of the lake / wetland / depressions including surface and
subsurface runoff feeding the water body

•

existing development and hydraulic constrains such as existing buildings, properties, and
culverts

•

extreme event flood level(s) and trigger level(s) based on existing constraints

Step 1. Assess Hydrological Characteristics and Environmental Values
•
•
•
•

Survey of depressions to define height, surface area and storage characteristics
Wetland class and historical evidence of water level variations
Vegetation type and environment significance
Infiltration characteristics of each major lake/wetland or depressions through monitoring
and /or testing

Step 2. Define Contributing Catchment Area & Characteristics
•

Define direct physical area draining to depressions
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Identify adjacent areas that have potential to spill into catchment during significant and
extreme events
Determine parts of the catchment that are developed and the corresponding impervious
area
Identify potential groundwater inflows to the internal drainage area or from adjacent areas

Step 3. Identify Existing Constraints
•
•
•

Identify existing constraints such as floor levels, basement levels of dwellings, sheds and out‐
buildings, septic fields and access roads
Confirm existing drainage and culvert restrictions, maximum flood level above which critical
infrastructure is impacted
Determine critical trigger levels for protection of existing property and infrastructure

Step 4. Establish the Predevelopment Water Balance
•
•
•
•
•
•
•

4.4

Develop a water balance model of the undeveloped catchment and depression low point
Use typical values to establish runoff from the natural catchment and review water balance
of the depression
Compare predicted water levels with historical evidence
Adjust model parameters to achieve representative performance of lake/wetland
Establish water level variations considering a 50 year historical period
Conduct a sensitivity analysis of key model parameter to ensure flood level variations are
appropriately robust for determining predicted flood levels
Use the annual high water elevations from the water balance analysis to determine the
statistical 1:100 year flood level

Post‐Development Stormwater Management Assessment
(Conducted for Master Drainage Plan, Staged Master Drainage Plan / Subdivision Stormwater
Management Report Level)

A post‐development stormwater management assessment should be conducted to ensure the volume
control target for stormwater discharges released from proposed development within a local watershed
is achieved. This would involve:
•

assess the extent and type of development

•

identify appropriate stormwater control measures at the site, street and subdivision level to
control runoff

•

assess hydrological conditions and likely infiltration rates

•

water balance modeling analysis
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conduct, for areas incorporating infiltration, additional field investigation and analysis to define
hydrogeological constraints and downstream impacts

•

determine how sensitive wetlands and lakes are managed and protected

•

identify how stormwater volumes from extreme events will be managed considering the existing
and adjacent site constraints

The stormwater management assessment could be based on a single development, a group of
developments, an internal drainage area or a group of internal drainage areas as identified in Section
4.2. A key principle would be to provide the most efficient and effective long‐term measures to manage
stormwater to ensure water is treated as a valuable resource in keeping with the relevant municipality’s
overall development policies.

Undertaking a stormwater management assessment for an area or region should involve the following
steps:

Step 1. Assess types of development
•
•
•

Define types of land use being proposed
Calculate area for each land use and total development area
Determine existing development that may need to be taken into account

Step 2. Identify key parameters for the proposed stormwater management practices
•
•

Determine imperviousness and hydrological parameters
Estimate infiltration parameters based on site soil characteristics (refer to Section 4.5 for
further geotechnical and hydrogeological investigations required)

Step 3. Identify potential stormwater management practices for the development site
•
•
•
•

Identify suitable stormwater practices for each development type
Selecting suitable LID practices including optimizing proposed lot and road layouts, minimize
disturbed areas, local or regional water re‐use opportunities and vegetative practices
Determine suitable input parameters for the various stormwater management practices
Develop preliminary size of facilities based on sizing criteria (refer to City of Calgary
Technical Guidance Documents)
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Step 4. Water balance modeling assessment
•
•
•
•

Prepare suitable daily (1960 to 2010) or sub‐daily water balance model which covers a
preferred 50 year data period, but a 20 year minimum including the 2005 event
Run model and determine if stormwater measures result in target volume controls being met
Adjust model design sizes until target runoff volumes are met
Calibrate model based on best available historic information and carry out sensitivity
analysis

Step 5. Review water balance modeling after Geotechnical and Hydrogeological Investigations
•
•

Adjust parameters based on hydrogeological investigation outcome
Rerun model to confirm that volume reduction targets are still being met

Step 6. Review environmental impacts on natural wetlands and lakes
•
•

Consider how natural wetlands/lakes hydrological water balance is maintained through
subsurface and/or direct discharges from the developed catchment
Confirm with a water balance sensitivity analysis that the proposed stormwater
management scheme does not result in significant detrimental impacts on protected
wetlands

Step 7. Establish options for discharging large and extreme events to (a tributary of) Nose Creek
•
•
•
•
•
4.5

Determine method to discharge extreme events to Nose Creek or tributary
Define operating procedures for discharge
Define alignment of outfall
Identify local outfall issues such as erosion potential and other environmental impacts
Set development elevations a minimum of 0.5m above the 1 in 100 year flood elevation

Geotechnical and Hydrogeological Investigations

A range of geotechnical and hydrogeological investigations should be required following a preliminary
assessment of the infiltration rates and potential infiltration impacts, including:
•

geotechnical and hydrogeological desktop assessment

•

preliminary field investigations

•

infiltration impact assessment

•

geotechnical and hydrogeological investigations based on potential impacts and risks

•

hydrogeological studies to assess the long‐term sustainability and downstream impacts
considering the direction of groundwater flows
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The procedures outlined below should be updated once the City of Calgary Geotechnical and
Hydrological Design Guidance for Low Impact Development has been published.

The higher the actual or assumed infiltration rates used for LID practices and facilities, the more reliant
the performance of the system is on infiltration capacity to achieve the volume reduction target. An
infiltration capacity investigation and monitoring will be required to ensure long‐term performance and
minimization of unintended downstream impacts. Also, the groundwater impacts from these facilities
will need to be understood. Figure 16 provides an overview and indicates the likely timing of the
investigations required.

Master Drainage Plan
High Level Investigations / Analysis

Staged Master Drainage Plan
Detailed Planning Level Investigations

Subdivision Stormwater
Management Report
Detailed Site Level Design
Investigations

Desktop Analysis / Preliminary
Site Investigations

Infiltration Post‐Development
Impact Assessment

Preliminary Site Investigations
SCP Infiltration ≤ 0.5 mm/hr
Pond Infiltration ≤ 0.2 mm/hr
OR
Level 1 Site Investigations
SCP Infiltration > 0.5 mm/hr
Pond Infiltration > 0.2 mm/hr
Post Dev infiltration >
Predevelopment infiltration

Review Infiltration Post‐
Development Impact
Assessment
Based on proposed land use,
Stormwater Management
Practices & Goetechnical
Hydrogeological data

Level 2 Site Investigations
SCP Infiltration > 2.5 mm/hr
Pond Infiltration > 0.8 mm/hr
Post Dev infiltration 20% >
Predevelopment infiltration

Review infiltration
Post Dev Impacts
(If input assumptions
change by more than
20%)

Figure 16 Geotechnical / Hydrogeological Investigations

The geotechnical and hydrogeological investigations should involve the following steps:

Step 1. Preliminary desktop geotechnical and groundwater assessment
(Master Drainage Plan Level)
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Review local soils data from general soils maps or testing from adjacent sites
Obtain existing groundwater levels from existing well data or available studies
Estimate infiltration parameters base on expected soil characteristics
Identify potential for high groundwater to be a restriction on infiltration capacity of the LID
practices and stormwater facilities

Step 2. Develop preliminary site field investigations
(Conducted at Master Drainage Plan level where desktop data is limited or at the Staged Master
Drainage Plan Level)
•
•
•

Take preliminary soil samples to minimum of 6 m depth at a rate of one borehole per 20 ha
(minimum of four per study) to characterize soil horizons and define any confining layers
Conduct infiltration tests on soils at or below the proposed infiltration zone
Identify presence of groundwater, likely recharge areas and seasonal variations for a
minimum of one season (monitoring should be continued monthly for a minimum of two
years if the development has not proceeded)

Step 3. Infiltration post‐development impact assessment
(Master Drainage Plan Level)
•
•
•
•
•
•

Calculate pre‐development infiltration volumes for the site or catchment
Calculate infiltration volumes from proposed LIDs and facilities based on preliminary
assessments
Consider external hydrological inputs such as irrigation or septic fields in determining the
infiltration impact
Determine change in infiltration volume by comparing the pre‐development and post‐
development conditions
Use City of Calgary guidelines to determine calculation methods and procedures
Review infiltration impact assessment after detailed geotechnical investigation in Step 4 or 5
below if the revised infiltration volume increases above the preliminary infiltration volumes
by more than 10%

Step 4. Geotechnical and Hydrogeological Investigations Level 1
(Conducted for Staged Master Drainage Plan / Subdivision Stormwater Management Report
Level)
•

•

Undertake the following investigations when infiltration rates exceed 0.5 mm/hr for
bioretention, 0.2 mm/hr for surface storages and absorbent landscapes, or if post‐
development infiltration exceeds predevelopment volumes
Conduct soil characterization to 6 m depth at a minimum rate of one borehole per 8 ha and
at one bore hole at each main storage facility
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Install groundwater monitoring wells to define location of water table, direction of
groundwater movement and seasonal variation in level (monitor water levels monthly for a
minimum of one year)
Conduct infiltration tests at each sampling location
Identify the presence of confining layers and potential impact on long‐term infiltration rates

Step 5. Geotechnical and hydrogeological Investigations Level 2
(Typically conducted at Subdivision Stormwater Management Report Level)
•
•
•

•
•

Undertake the following investigations when infiltration rates exceed 2.5 mm/hr for
bioretention, 0.8 mm/hr for surface storages and absorbent landscapes, or if post‐
development infiltration exceeds pre‐development volumes by 20%
Conduct soil characterization to 6 m depth at a minimum rate of one borehole per 4 ha (or at
each SCP facility) and at three boreholes at each main storage facility
Install groundwater monitoring wells to define location of water table, direction of
groundwater movement and seasonal variation in level (monitor water levels monthly for a
minimum of one year)
Conduct infiltration tests at each sampling location
Identify the presence of confining layers and potential impact on long‐term infiltration rates

Step 6. Hydrogeological studies to assess the long‐term sustainability and downstream impacts
(Conducted for Master Drainage Plan and reviewed at Staged Master Drainage Plan /
Subdivision Stormwater Management Report Level)
•
•
•
•

4.6

Develop a conceptual groundwater model to assess potential for groundwater table
influences, flow directions and downstream impacts
Assess impacts on downstream development, infrastructure and property
Assess potential for rising groundwater table and potential impacts on the infiltration
capacity of proposed facilities
Maintain established groundwater monitoring program into the post‐development period
for a minimum of five years or as required by the approving authority

Environmental Assessments

A component of developing an overall integrated stormwater management plan is to consider the
environmental impacts of the development, specifically:
•

Management of lake/wetland and interactions with the stormwater facilities

•

Assessment of impacts from discharges to Nose Creek or its tributaries

The environmental assessment should involve the following steps:
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Step 1. Determine how lake/wetland or depression will be managed as a part of the overall drainage
scheme
•
•
•

Develop lake/wetland management philosophy based on environmental sensitivities and
proposed stormwater management strategy requirements for the upland areas
Identify impacts on existing lakes/wetlands from proposed development and potential
wetland compensation issues / requirements
Determine management options to maintain the natural lake/wetlands water balance in a
post‐development environment, including volume, water quality and ecological restoration

Step 2. Mitigate environmental impacts associated with discharging extreme events to a local tributary
of Nose Creek or West Nose Creek
•
•
4.7

Identify local outfall issues such as erosion potential and other environmental impacts
Evaluate management measures to mitigate impacts

Water Balance Modeling Methods and Reporting

A component of developing an overall integrated stormwater management plan is to consider the water
resources impacts of the development, specifically:
•

Water Balance Modeling Methods

•

Key parameter sensitivity analysis and impact assessment

The water balance modeling will include the following analysis and reporting requirements based on the
analysis outlined in Section 4.3 above:

Water Balance Modeling Methods & Requirements
•
•
•
•
•

•
•

Daily or sub‐daily precipitation time series data for 50 years (refer to City of Calgary Data)
preferred, minimum 20 years for sub‐daily time step
Evapotranspiration based on daily or monthly values
Predevelopment runoff characteristics need to take account of interflow or subsurface flow
being discharged to the lake or wetland
Initial sizing of SCPs shall be based on the City of Calgary technical guidance documents
Select suitable model parameters for LID practices, in particular, timing of stormwater reuse
for irrigation, clogging factors to account for long‐term infiltration performance, effective
footprint and base area / storage volumes of vegetative practices like bioswales,
bioretention
Select effective area for absorbent landscape considering building setback, site slopes and
ability to spread flow evenly over an area
Where absorbent landscape are being applied on slopes greater than 5%,
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consider the area of absorbent landscape that the roof leaders can effectively be
spread over (i.e., a 2 to 3 m width down slope from the roof leader)
adopt a model that incorporates interflow (allows moisture in excess of field
capacity to drain down slope – such as the bioswale practice in WBSCC or MUSIC)

Water Balance Modeling Sensitivity Analysis
A sensitivity analysis should be conducted to assess the robustness of the design given changes to the
key variables being used in the model. Soil infiltration rates and water reuse demands are two key
variables subject to the highest potential variability and influence on the performance of the
management of stormwater management facilities within the internal drainage area. The following
steps should be considered.

Step 1. Sensitivity analysis on infiltration rates
•
•
•
•

Run 1 – apply 50% reduction to adopted LID infiltration rates
Run 2 – apply 50% reduction to adopted stormwater facility infiltration rates
Run 3 – apply 30% reduction to adopted LID and stormwater facility infiltration rates
Run 4 – apply a 200% increase to adopted LID and stormwater facility infiltration rates

Step 2. Sensitivity to a pumped outfall failure
•
•

Review Step 1 sensitivity analysis with a pump failure over a five day duration over the
period of modeling
Review maximum pond level and assess against minimum development elevations including
a review of the minimum development elevations

Step 3. Sensitivity to water reuse estimates
•
•
•
•

Run 1 – apply a 50% reduction to industrial/domestic reuse demands (non‐irrigation)
Run 2 – apply a 100% reduction to industrial/domestic reuse demands (non‐irrigation)
Run 3 – apply a 50% reduction to irrigation demand
Run 4 – apply a 50% reduction to industrial/domestic and irrigation demands

Step 4. Sensitivity analysis reporting
•
•
•
•
•

Tabulate results of sensitivity analysis for infiltration and water reuse
Assess impact on volumes discharged to Nose Creek or its tributary
Assess impact on lakes and wetlands with respect to environmental flows
Adjust designs to better accommodate potential sensitivities
Prepare sensitivity analysis assessment report
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Integrated Stormwater Management Reporting

The investigations and analysis conducted in developing an integrated stormwater management plan
should be documented in a report with supporting data and analysis. It is envisioned that increasing
degrees of detail would be expected for the Master Drainage Plan, Staged Master Drainage Plan and the
Subdivision Stormwater Management Report. If underlying assumptions of the higher level document
are found to be invalid, a review of the water balance and hydrogeological modeling analysis of the
overall study area should be revisited. These reports should include the investigations and analysis
supporting development of an internal drainage area or areas. The report should include the following
components:
•

Lake/Wetland Management Plan

•

Stormwater Management and Water Balance Assessment

•

Geotechnical and Hydrogeological Investigations

•

Environmental Assessments and Extreme Discharge Management

•

Water Balance Modeling and Reporting

The plan would need to demonstrate that the key policies for the internal drainage areas have been
addressed and investigations and site‐specific analysis conducted to ensure risks and adverse impacts
are adequately managed.

4.9

Internal Drainage Areas Policy Statement

A policy statement has been developed in consultation with the key municipal stakeholders of the Nose
Creek Watershed Management Partnership.

The statement sets out the requirements for the

management of stormwater for proposed development within the internal drainage areas including
average runoff volume control targets, maximum unit area release rates and references the guidance
provided in this report. The statement is provided in Appendix B and will be a supplement to the
current requirements of the NCWWMP, 2008.
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DISCUSSION AND SUMMARY

This document provides guidance for the management of stormwater for future developments within
internal drainage areas within the Nose Creek and West Nose Creek watershed. The study aims
included setting suitable runoff volume control targets and maximum release rates for future
development. It also provides guidance on the practices and procedures that should be followed to
ensure the intent of the NCWWMP is being met.

The study undertook the following analysis tasks to assist this process, including:
•

identifying and evaluating a range of LID and traditional BMP practices such as source controls,
end‐of‐pipe systems and land‐use planning techniques

•

adopting a water balance methodology to simulate the application of these BMP practices over
a sample internal drainage area containing either country‐residential, residential or commercial
and industrial land uses

•

deriving the timing of discharges for a range of set runoff volume control targets and maximum
release rate for each land‐use simulated for the sample internal drainage area

•

scaling up these sample discharges to reflect the total discharges from a partially and fully
developed internal drainage area within Nose Creek or West Nose Creek

•

adding these scaled up flows to a simulated flow data set derived for Nose Creek and West
Nose Creek

•

determining the impact these internal drainage areas exhibit on the flows in Nose Creek and
West Nose Creek using the stream impulse equation and exceedance curves

The analysis used a range of assumptions and methods which may not necessarily reflect future
discharges from the internal drainage areas or flows discharged from development within the directly
contributing catchments of Nose Creek or West Nose Creek. One of the main assumptions is that
historic flows within Nose Creek and West Nose Creek are representative of future discharges from a
developed catchment.

Even though the NCWWMP sets ultimate runoff volume control targets

approaching predevelopment volumes, they are still higher than predevelopment volumes and the
timing of discharges could be significantly altered from the historic flow record. Therefore, future
studies should explore the stream flow impacts from partial and full development of the Nose Creek
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catchment. This could result in providing additional discharge recommendations for development, if
needed.

The main conclusions and recommendations include:
•

stream impulse analysis (erosion potential) demonstrated that stream impulse is proportional to
the volume discharged from the internal drainage areas

•

higher maximum allowable release rate do not increase stream impulse, but rather slightly
reduce stream impulse

•

runoff volume control targets should be set at the predevelopment runoff volumes for Nose
Creek and West Nose Creek as given in the NCWWMP

•

maximum allowable release rate should be set at the same rate as for development that
contributes directly to Nose Creek or West Nose Creek to provide consistency across the
catchment

The runoff volume control target and the maximum allowable release rates for Nose Creek and West
Nose Creek, based on a phased implementation approach, are recommended as follows:.

Average Runoff Volume Control Target (mm)
Date of Implementation
Nose Creek
West Nose Creek

2013
16
26

2017
11
17

2021
6.1
9.6

Maximum Allowable
Unit Area Release Rate
(L/s/ha)
2013
1.257
0.99

It is recommended that the above targets be reviewed along with the ultimate targets set out for the
main catchment as a component of the next revision of the NCWWMP. This review should include a
detailed assessment of impacts that recent and future development has on stream flow within the Nose
Creek watershed.

Investigations and reporting procedures are recommended to ensure that future development meets
the runoff volume targets, including:
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Lake/Wetland Management Plans: identifying the hydrological regime of existing wetlands,
sensitivity and class of the wetland/lake, existing infrastructure constraints, wetland
augmentation measures, discharge triggers and methods to discharge to Nose Creek and its
tributaries.

•

Low Impact Development Assessments: including compliance, backup strategies and sensitivity
analysis to test robustness of proposed strategy.

•

Groundwater Analysis: including soil and hydrogeological information such as soil sampling, soil
testing, infiltration assessments, identification of confining layers, groundwater monitoring and
infiltration impact assessments.

•

Environmental Assessments: including wetland management and erosion impacts to local
tributaries feeding into Nose Creek or West Nose Creek.

•

Water Balance Modeling: analysis methods and reporting.

A policy statement guiding stormwater management required for developments within the internal
drainage areas is provided.

This policy includes average annual volume targets for proposed

development, the management of stormwater flows to natural wetland areas and discharges to Nose
Creek or its tributaries during extreme events.
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