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THE SUSTAINABLE TECHNOLOGIES EVALUATION PROGRAM

The Sustainable Technologies Evaluation Program (STEP) is a multi-agency program, led by the Toronto
and Region Conservation Authority (TRCA). The program was developed to provide the data and
analytical tools necessary to support broader implementation of sustainable technologies and practices
within a Canadian context. The main program objectives are to:

e monitor and evaluate clean water, air and energy technologies;

e assess barriers and opportunities to implementing technologies;

e develop tools, guidelines and policies, and

e promote broader use of effective technologies through research, education and advocacy.

Technologies evaluated under STEP are not limited to physical structures; they may also include
preventative measures, alternative urban site designs, and other innovative practices that help create
more sustainable and liveable communities.

For more information about STEP, please contact:

Glenn MacMillan

Senior Manager, Water and Energy
Toronto and Region Conservation Authority
Tel: 416-661-6600 Ext. 5212
Fax:416-661-6898

Email: Glenn_MacMillan@trca.on.ca
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EXECUTIVE SUMMARY

The Toronto and Region Conservation Authority (TRCA) has initiated a ‘Natural’ Channel Design
Monitoring Program in response to an identified deficiency in rigorous or quantitative post-construction
monitoring of ‘natural’ channel designs, despite their widespread use in Ontario. The goal of the program
is to catalogue, monitor and evaluate ‘natural’ channel designs in the TRCA jurisdiction, and eventually
throughout the Greater Toronto Area. A rigorous review of the existing scientific and applied literature
was undertaken, along with preliminary site assessments of 29 constructed ‘natural’ channel designs.
This report provides the results of this review and assessment. A separate report entitled ‘Evaluating the
Effectiveness of Natural Channel Design Projects: A Protocol for Monitoring New Projects’ synthesizes
the various existing methods for monitoring into a coherent standardized protocol. It is intended that this
monitoring protocol will be applied to all new watercourse realignment projects involving ‘natural’ channel
design principles in the TRCA jurisdiction and serve as an example for other jurisdictions.

‘Natural’ channel design effectiveness monitoring allows for evaluation of project success through
meeting or exceeding pre-determined project goals, which has not been done effectively to date.
Monitoring data provides information for potential adaptations if project goals are not achieved, and
provides a mechanism to identify and explain processes of success and failure that can be used to
improve upon future designs. It also allows proponents to document and demonstrate compliance
throughout the regulatory permitting process. Effectiveness monitoring includes assessment of fluvial
geomorphology, physical habitat, aquatic biota, riparian conditions, engineering elements, hydrology,
water quality, and social and cultural indicators.

This document provides:

— An overview of ‘natural’ channel design as a restoration practice;

— A concise summary of the existing scientific and applied literature concerning ‘natural’ channel design
monitoring, and

— A qualitative review and evaluation of the types and state of designs that have been permitted and
implemented within the TRCA jurisdiction.

Based on this information, the second report in this series provides a methodology tool box and
framework for tailoring monitoring and assessment plans to individual ‘natural’ channel designs. The
approach presented is consistent with guiding documents for the ‘natural’ channel design process in
Ontario, such as Adaptive Management of Stream Corridors in Ontario (MNR and WSC 2002). It is
envisioned that through standard application of this protocol, ‘natural’ channel design success will
continue to improve, techniques and the state of the science will be enhanced, and proponents will have
a consistent set of tools by which project performance and regulatory compliance can be efficiently
assessed.
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1.0 INTRODUCTION

1.1 Identification of Project Goals and Objectives

NCD is a practice used in stream realignment and restoration projects that attempts to reconstruct
channels to emulate the self-sustaining geomorphic and ecological functions of natural watercourses.
The practice has become common in Ontario and elsewhere during the past ten to fifteen years, and is
now applied frequently in watercourse realignment and/or restoration projects. Despite the common
usage however, NCD principles continue to be subject to the interpretation of individual practitioners,
resulting in channels that are designed and constructed according to widely varying objectives and
methods. In addition, selective application of NCD principles has resulted in hybrid designs that have yet
to be evaluated in terms of overall performance and effectiveness. In general, there has been little or no
comprehensive monitoring performed to evaluate the success and performance of channel realignment
projects that have employed NCD principles. As a result, it has been difficult to evaluate the success of
varying design techniques, and to validate or improve the practice of NCD as a whole.

Monitoring and evaluating the effectiveness of NCD’s is part of an adaptive management process. The
adaptive management framework integrates experience into the overall process to improve the potential
for reaching project goals (Figure 1.1). However, monitoring to determine the success of a project and
effectiveness of stream restoration techniques is rarely undertaken. Therefore, the adaptive management
loop is often incomplete and insufficient information is returned to practitioners. The intent of the NCD
Monitoring Program is to close this loop through standardized implementation of monitoring protocols, to
generate an information source from which existing designs can be evaluated. Evaluating NCD’s using
monitoring data furthers the science of watercourse restoration by allowing practitioners to understand the
effectiveness of the designs, and modify techniques where effectiveness is sub-optimal or restoration
goals were not met.

PLAN

EVALUATE

ADAPTIVE MANAGEMENT
FEEDBACK LOOP

ACT
MONITOR

Figure 1.1: The adaptive management loop (from Gaboury and Wong 1999).

Following guiding documents for the NCD process in Ontario, such as the MNR’s Adaptive Management
of Stream Corridors in Ontario document (MNR and WSC 2002), the adaptive management approach is
designed to ensure that an iterative feedback loop is employed throughout the duration of a project. This

Final Report Page 1



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

approach allows for subsequent reconsideration of decisions made at previous stages as better and more
detailed information becomes available.

There are five key steps to implementing an adaptive management approach to monitoring NCD’s, which
are summarized in Table 1.1.

Table 1.1: Steps to an adaptive management approach (adapted from MNR and WSC 2002).

Define the project goals in simple terms, as a framework for determining what the

Step 1 o oo
P monitoring performance criteria should be.
Step 2 Based upon the project goals, determine what the specific monitoring
P requirements are, and what the spatial extent of the monitoring should be.
Step 3 Choose appropriate monitoring methods to assess project goals, and determine

what the performance thresholds will be for the parameters being assessed.

Conduct the monitoring program, and evaluate the data against the pre-defined
performance thresholds. Determine if the results are acceptable, or if further

Step 4 refinements need to be made to delineation of performance thresholds or overall
monitoring design. It is important to determine whether unacceptable results are a
product of design malfunction or inappropriate performance criteria.

Modify and redefine the monitoring program as necessary, and continue

Step 5 monitoring the project until there is satisfaction that the project is performing at an
acceptable level.

During the initial period following project construction, standard methods are required to characterize and
evaluate the performance of an NCD, relative to project goals and expectations for the design. But, there
is a fundamental underlying expectation that over the long-term NCD’s will replicate natural form and
function. Therefore, NCD monitoring is finite; once a designed channel has become established and
natural processes are being maintained, post-construction monitoring methods become less relevant.
Instead, efforts can be focused on using watershed-scale indicators to monitor the on-going function of
the channel as an integrated part of the natural system.

1.2 Rational and Objectives

Although NCD practices have been utilized for over a decade throughout North America, southern
Ontario and the GTA, there has been limited comprehensive monitoring of the installed designs. As such,
there has been limited assessment of the numerous design approaches, or detailed quantitative post-
construction monitoring and subsequent evaluation of the success and performance of these works
(Kondolf and Micheli 1995; Ness and Joy 2002). Without baseline data, or a standardized method for
monitoring and evaluating NCD's, it is difficult to measure success, evaluate design methods or improve
the state of the science. The literature and regulatory agencies have called for an initiation of
comprehensive monitoring programs, but there has not been an appreciable response to date.
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The TRCA has responded to this deficiency by initiating a program to catalogue, monitor and evaluate the
NCD'’s in its jurisdiction, and eventually the GTA. A key component of the program is to develop a
standardized NCD monitoring protocol to apply to all new watercourse realignment projects involving
NCD principles in the TRCA jurisdiction. This report provides that protocol, with consideration for future
integration with the ongoing TRCA Regional Monitoring Network (RMN). From a review of previously
installed NCD'’s in the TRCA jurisdiction, it is evident that design criteria and methodologies varied, but
there were also common goals and design themes underlying each project (e.g. increase channel stability
and improve aquatic habitat). To address the issue of variability in project objectives and design, a
standardized protocol outlining minimum monitoring requirements was developed to be used as a toolbox
for application on a project-specific basis.

In southern Ontario, most stream channel restoration works involve a review under the federal Fisheries
Act, and a subsequent authorization from the Department of Fisheries and Oceans (DFO) detailing
required compensation measures and monitoring activities. Methods for monitoring are not typically
specified in detail in authorization documents, resulting in application of varying monitoring methods that
may or may not meet the standards of the various regulatory review agencies or that may not be
adequate to support the adaptive management process. By implementing a standardized NCD
monitoring tool-kit, compliance with regulatory monitoring requirements can be made more predictable
and efficient for both the proponent and the regulatory review agencies.

The four key goals of the monitoring program are to:

1. Provide a standardized tool kit for NCD monitoring in the TRCA jurisdiction, incorporating
geomorphic, ecological, engineering, water quality and social considerations.

2. Provide a tool kit for assessing the effectiveness of current NCD projects and techniques.

3. Provide a standardized information base from which to learn about the effectiveness of installed
designs and evaluate the state of the science.

4. Complete the adaptive management loop.

There have been several studies that have evaluated the performance of habitat enhancement projects
(Shields et al. 1995; Gortz 1998; Shields et al. 2001; Opperman and Merenlender 2004), but there have
been few evaluations of NCD projects. A review of monitoring and evaluation activities was undertaken
to determine which parameters are commonly measured and what techniques have been employed. In
general, it was found that some studies provided valuable information as to what measures were effective
and how the overall NCD improved biological, chemical and physical components of the stream corridors.
However few studies provided details of sample replication, statistical design or quantitatively tested
results.

Most monitoring protocols for streams have been designed for natural channels and do not consider
newly constructed channels. Many do not account for construction impact to vegetation and time needed
to re-establish riparian vegetation. Most do not specifically gauge success of bioengineering elements
and/or identify mechanisms for NCD failure. Existing stream assessment protocols may not be
completely appropriate for monitoring newly constructed NCD'’s, as quality of terrestrial habitat, riparian
cover, and channel stability are influenced by the initial immature development of vegetation and sall
horizons, lack of hydraulic sorting/compaction and limited colonization of aquatic organisms. It should be
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noted that monitoring and evaluating the effectiveness of NCD’s requires not only characterization of the
system but also an evaluation of initial performance. Therefore modification to conventional monitoring
protocols for natural streams was required.

In development of this protocol, a thorough literature review was conducted to determine the current state
of knowledge regarding monitoring of NCDs and other restoration projects, and practice regarding
monitoring methods and techniques. A review of the TRCA RMN protocols and the Ontario Stream
Assessment Protocol was also included to assess the applicability of these methods for evaluating NCDs,
to ensure that existing protocols were utilized in an efficient manner where applicable. Furthermore, by
using existing protocols where possible, data sets may be available for incorporation into long-term
evaluation of trends over time.
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2.0 LITERATURE REVIEW

2.1 Conceptual Framework

The literature review was conducted to document the current state of NCD monitoring science, and
determine which indicators are meaningful, affordable and repeatable for monitoring and evaluating NCD
projects. An effective method is one that provides the most quantitative information while balancing time
and financial constraints. It is important that indicators be sensitive enough to show change, be
measurable and detectable, and have statistical validity (FISRWG 2001). The number of indicators
included in a monitoring plan is dependent on the scale and objectives of the NCD project, as well as time
and cost constraints of the monitoring program.

From the literature review, it is apparent that limited detailed or quantitative post-construction monitoring
and subsequent evaluation of the success and performance of NCD projects occurs (Kondolf and Micheli
1995; Ness and Joy 2002). Without a standardized method for monitoring and evaluating NCD's, it is
difficult to measure success, evaluate design methods or improve the state of the science. Most of the
literature agrees that monitoring is important, but the methods and techniques described are largely
conceptual in nature. It has been suggested by Wissmar and Beschta (1998) that an effective restoration
project, and specifically NCD projects, require: i) clear restoration objectives; ii) pre-construction baseline
data; iii) project design that recognizes natural processes and functions (geomorphic and ecological); iv)
long-term monitoring; and v) willingness to learn from successes and failures. A series of objective
defining questions were proposed:

What physical and biological factors presently limit riparian populations and communities?

What geomorphic and hydrological regimes have been historically modified and presently limit
the connectivity of riparian and aquatic ecosystems?

What native riparian species have been extirpated or displaced?
What exotic plant species have invaded the riparian system?

What geomorphic and hydrological regimes provide the most favourable future physical habitat
and biological conditions?

What are the target species or desired future riparian communities?
What are the expected recovery times and successional patterns for the riparian communities?

Gillilan et al. (2005) found that misuse of the term restoration, failure to create guiding images, and lack of
commitment to monitoring, were factors limiting effective ecological restoration. To remedy the misuse of
terminology, it was recommended that the specific project be placed in a project type continuum (Figure
2.1). By doing so, practitioners can become aware of restoration projects and how they differ from
enhancement or erosion control or containment. The guiding image is a vision of the future state of the
watercourse and stream corridor, and should consider the condition of key natural system variables
(hydrology, chemistry, geomorphology, physical habitat and biology). Once the guiding image, goals and
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objectives are defined then evaluation criteria can be developed to measure the success of the
restoration.

Erosion Control and
Containment

Restoration Enhancement

Not restored to natural process/

function, but addresses specific problem.
al use of r
ate rigid, Ir

where channel mig

>

Decreasing ecological sustainability and resiliency fo natural processes

Increasing factors of safety and use of hard engineered structural techniques

Decreasing channel deformability

Figure 2.1: Geomorphic restoration project type continuum (from Gillilan et al. 2005).

211 Review of Monitoring Protocols Used by TRCA

Components of the Toronto and Region Conservation Authority (TRCA) Regional Monitoring Network
(RMN — TRCA 2001) protocols and the Ontario Stream Assessment Protocol (OSAP — Stanfield 2005)
were reviewed to assess their applicability for evaluating NCD projects. In general, the RMN and OSAP
protocols are simple, systematic, and science-based with reproducible methods for assessing natural
channels. However, the geomorphic components of the protocols outlined in the RMN and OSAP are not
always the most appropriate procedures for assessing NCD'’s in easily accessible urban areas. The RMN
and OSAP protocols were developed for alluvial channels where remoteness, forest cover, limited
equipment or staff sophistication and limited budgets may be controlling factors.

Components of the RMN include aquatic habitat and species, fluvial geomorphology, terrestrial natural
heritage, flow and precipitation, and surface water quality. The objective of the RMN is to provide
indicators to measure environmental change at the broad watershed and subwatershed levels to be
analyzed and used to guide environmental management decisions. The RMN is specifically designed to
assess environmental indicators at broad levels to assess cumulative impacts (positive and negative)
over time and is not intended for monitoring small-scale projects (TRCA 2001). Obijectives for NCD are
usually focused on features and functions specific to aquatic systems, therefore some components of the
RMN were not applicable to monitoring NCD’s, and not included as part of this literature review.

Although it is difficult to quantify NCD success, themes for measuring success can be defined. In all
cases, some measures of dynamic stability and habitat value can be made. One potential measure of
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channel stability is pass-through of sediment. Assuming the channel is in equilibrium, sediment entering
into the modified reach should equal sediment exiting out. This is a fundamental concept with regard to
equilibrium channels.  Although cross-sections, long-profiles, erosion pins and other geomorphic
measures outlined in the RMN protocols provide an appreciation of channel sediment dynamics, they do
not allow for quantification of total sediment deposition. In the end, an appreciation of sediment transport
may be all that is required.

A geomorphologic monitoring program for NCD projects should quantify systematic adjustments and
characterize the factors that impact future channel stability. These factors include channel geometry,
composition of surficial and sub-pavement sediments, type and strength of bank materials, bank and
floodplain vegetation and any prescribed detailed design elements. The RMN protocol fulfills most of
these requirements.

Habitat assessment and biotic community sampling procedures outlined in the RMN are derived from the
OSAP. These methods follow standard procedures for assessing habitats and collecting and analyzing
benthic invertebrate and fish assemblages. Methods outlined in these protocols are adequate to
characterize habitat of natural channels and evaluate the performance of NCD’s in terms of habitat and
community benefits. NCD project goals and objectives need to be reviewed to determine the degree of
biological studies required. For projects that require authorization under the federal Fisheries Act,
Department of Fisheries and Oceans (DFO) monitoring requirements often determine the spatial extent,
sampling frequency and sampling locations for biological monitoring.

Additional OSAP methodologies are available for identifying sites, evaluating physical habitat and
documenting water temperature in wadeable streams (Stanfield 2005). The methods presented are
repeatable, scientifically defensible, and can be used for monitoring or impact assessment studies,
dependent upon which modules are selected. The methodologies are categorized into three levels:
screening surveys, assessment surveys and diagnostic surveys. The level of survey required is
dependent upon the variables being measured and the level of detail required to evaluate project
objectives. Quantitative and qualitative methods are provided for the assessment of channel structure,
physical habitat, substrate quality, habitat homogeneity and stream width.

Watershed characteristics upstream from a project area generally have a greater influence on water
quality than local NCD projects. Moreover, the dynamic characteristics of water quality parameters (e.g.
diurnal fluctuations in stream temperature, dissolved oxygen, etc.) make it difficult to accurately evaluate
the site-specific influences. Nevertheless, some evaluations of NCD’s have shown a positive influence on
water quality parameters (Harrington 1999). Basic water quality monitoring can be undertaken to assess
in part, the NCD project and overall subwatershed characteristics as part of regional monitoring efforts.
Water quality parameters outlined in the RMN can be used to characterize conditions at NCD sites where
an objective of the design was to improve water quality, or the scale of the project is large enough to
reasonably expect an improvement to water quality. These parameters are easily sampled and do not
require extensive field or laboratory analyses compared with the more rigorous analyses for organic and
metal compounds.

In summary, a number of components of the RMN and OSAP protocols were of direct value for use in
development of a standardized NCD monitoring program. Fluvial geomorphological methods were
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adapted from the RMN, with modifications in areas of rapid assessments and sub-reach habitat mapping.
Water chemistry and public opinion surveys methods were taken directly from the RMN. The OSAP was
used for monitoring aquatic habitat, fish communities and benthic macroinvertebrates. Details of the
monitoring methods are provided in a separate report in this series entitled “Evaluating the Effectiveness
of Natrual Design Projects: A Protocol for Monitoring New Projects”.

2.2 General Monitoring Considerations

Several authors argue the need for integrated stream assessment protocols to understand, monitor and
predict stream ecosystem behaviour and response (e.g. Clar et al. 2004). A review of the literature
suggests that there are several established protocols for monitoring biological and chemical components,
but there is no comprehensive protocol for monitoring all aspects of NCD’s. Several authors advocate
that NCD monitoring should include an assessment of fluvial geomorphology, engineering, hydrology,
aquatic and terrestrial biology, water quality, and social and economic indicators (Kondolf and Micheli
1995; Downs and Kondolf 2002). This list is inclusive, but should be rationalized with the scale, goals,
and targeted value of the NCD. Also, field measures need to target variables that are potentially modified
by the NCD and eliminate regional or watershed scale variables that are independent from or unrelated to
the NCD and project goals and objectives.

Most existing stream monitoring protocols have been designed for natural channels and are not well
suited to assess the form and function of newly constructed channels. These diagnostic protocols
typically do not have allowances for short-term construction impacts and delays in re-establishment of
system function. Quality of aquatic habitat, riparian cover, and channel stability evolves over time after
installation of a NCD, as new soil horizons develop, hydraulic sorting and compaction occurs and aquatic
organisms re-colonize the area. Moreover, monitoring protocols for natural streams are not designed to
evaluate constructed bioengineering and other channel design elements.

221 Timing of Monitoring

A review of stream restoration monitoring programs found that most did not exceeded two years of follow-
up (Downs 2000; Downs and Kondolf 2002). However, it is generally agreed that monitoring should take
place for at least five years and include monitoring after large flow events at or above the bankfull stage
(Kondolf 1998; Slate et al. 2004). Kondolf and Micheli (1995) suggest ten years as the minimum period
for evaluating project performance to assess the influence of major flood events and the long-term
sustainability of the project; although this may not always be financially feasible. Concerns have also
been documented regarding a lack of monitoring immediately following construction when vegetation has
not yet become established (Slate et al. 2004). This is an essential monitoring period given that typical
summer storm events in southern Ontario and resultant major channel adjustments are likely to occur
shortly after NCD construction. It is recommended that monitoring be conducted before project
construction, immediately after construction, and periodically afterwards for 5-10 years (Kondolf 1998).
Monitoring does not need to be continuous during the 5-10 year period but should evaluate channel
adjustments immediately after construction and after large flood events (Kondolf 1998).

Final Report Page 8



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

The FISRWG (2001) suggests that minimum monitoring frequencies are dependent on the time since
project construction. A single, annual monitoring effort is considered sufficient for established restoration
projects, but intensive quantitative data should be collected during the first three years after construction.
After this period, the objectives, scope and monitoring duration may change to reflect maintenance
needs, rather than to monitor success criteria. Initially, a 3-year monitoring period is suitable for
identifying design corrections to address any problems that may have arisen during construction.
However, the overall monitoring timeframe must account for the life-span of the project.

2.2.2 Baseline Data

Baseline data are typically collected at the project site or from a reference reach that is considered to be
reflective of pre-disturbance conditions, to establish targets for measuring the success of NCD projects
(Downs 2000). Unfortunately, reference reaches are commonly influenced by upstream land uses and
other watershed-scale impacts and generally do not often reflect pre-disturbance conditions (Kondolf
1998). To account for this, Downes et al. (2002) recommend sampling from both Impact and Control
locations during both the Before and After periods (BACI design). The control site should be in close
proximity to the study area and be influenced by similar land use, riparian vegetation, channel network
and historical conditions but not project construction. The impact site is considered to be the location of
the NCD project. Using this approach the effect of natural and anthropogenic activities on the measured
variables can be determined. It is argued that this method allows for multiple or replicate control and
impact sites to be used to deduce natural variability, variation among samples and the spatial extent of
change or improvement from NCD projects (Downes et al. 2002).

Saldi-Caromile et al. (2004) recommend the following to be included in baseline and construction data
collection:

« Establishment of permanent benchmarks

« As-built surveys to document design configuration relative to permanent benchmarks

o Summary of site hydrology

« Documentation of aerial photography, summary of erosion history and other geomorphic data
pertinent to project design

« Documentation of pre-project site and reach data pertaining to fish and wildlife use, riparian
corridor, floodplain function and overall habitat condition

223 Spatial Extent of the Study

The spatial extent of the study site can be determined with the use of reach delineation. It is suggested
that delineation of a reach consider planform, gradient, hydrology, local surficial geology, physiography,
and vegetative/land cover control (Montgomery and Buffington 1997; Richards et al. 1997). Ideally, the
monitoring reach should encompass the NCD project, and include a non-impacted section of stream
close to the project area. However, in some cases, the monitoring will have to incorporate control areas
outside of the study site.

The reach delineation approach fits well with the BACI monitoring design described above (Downes et al.
2002). The goal of the BACI design is to limit variability between the control and impact sites so that the
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variables influencing the impact site can be identified. The control and impact sites are placed within the
defined reach. Monitoring should be implemented at non-random sites targeting important or
characteristic cross-sections, bioengineering design elements and habitat features of both the NCD and
control sites.

224 Sample Size

Large numbers of samples increases sampling and processing time and associated costs. Therefore,
increasing confidence in statistical analysis while reducing time and costs needs to be balanced.
Davis et al. (2001) recommend that a minimum of 5 replicates be sampled when statistical analyses are
to be performed.

2.3 Monitoring Methodologies

To monitor and evaluate the effectiveness of NCD projects, measurements of geomorphic characteristics
are emphasized in the literature since channel and floodplain geomorphology provides for aquatic and
riparian structures and functions (Kondolf and Micheli 1995; Downs and Kondolf 2002). Scholz and
Booth (2001) suggest an emphasis on physical measurements because: |) physical effects such as high
flows produce the most severe impacts to watercourses; 1) monitoring techniques for biological studies
are well established; and Ill) physical measurements are relatively simple and inexpensive compared to
chemical and biological assessments. Chemical and biological monitoring protocols are well established
(e.g. Plafkin et al. 1989, Kerans and Karr 1994) but less so for geomorphic assessments. This is due in
part to the complexity of channel conditions and the wide array of channel assessments and monitoring
techniques available (Montgomery and MacDonald 2002).

There are several stream monitoring protocols in existence that offer various methods for monitoring
many attributes in natural streams. Many of these attributes are useful for monitoring NCD'’s, and have
applicability for the southern Ontario context.

It has been suggested that geomorphic components of NCD monitoring should include a compliance
audit, related to the design intentions, a performance audit of the short-term functioning of the system and
a geomorphic evaluation of long-term processes (Downs 2000). Figure 2.2 outlines a framework for
monitoring NCD’s with a long-term goal of geomorphic evaluation. The compliance audit involves review
of background information and drawings related to NCD design and construction to assess the installed
NCD compared to the designed NCD. It is recommended that design alterations made during
construction as part of field-fitting be noted, as they may not appear in the design drawings which could
lead to an interpretation of poor installation. The performance audit evaluates the NCD after construction
to determine NCD functioning over a period of time. Audits should include quantitative and qualitative
monitoring assessments to compare to previous monitoring or pre-construction baseline data. Downs
(2000) supports the use of long-term geomorphic evaluations to gather information on the long-term
sustainability of the design. This involves examining geomorphology-hydrology relationships (as opposed
to geomorphology-hydraulic relationships) by using principles of sediment transport continuity set against
the long-term flow record. Although not currently available as a tool to monitor NCD’s, sediment transport
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and flow depths can be predicted using empirical equations, provided these equations are calibrated to
predict channel forms in NCD'’s.

NCD

monitoring
initiation
¥ Retrospective
Desk study: baseline study
Review and scoping &
Y
Field visit
Y Y
Compliance audit Performance audit
Review. Systematic analysis of
Stoogss ofibena key variables:
Baseline surveys Monitoring surveys
Rationale for design Historical data

Design drawings

‘As builts' Secondary analysis

¥ L 2

Long-term geomorphological evaluation

Figure 2.2: A framework for monitoring NCD (from Downs 2000).

The Ministry of Natural Resources and the Watershed Science Center of Ontario have jointed produced a
document entitled Adaptive Management of Stream Corridors in Ontario (2002), containing a section on
Monitoring, Evaluation, and Long-term Adaptive Management. In it, the adaptive management process is
summarized as is relates to monitoring of streams and restoration projects.

A nine-step approach is put forward by the MNR and WSC, outlining the process from goal setting to re-
evaluation of monitoring design (Figure 2.3). The approach is designed to facilitate effective monitoring,
and provide a means by which the science and practice of stream management can be advanced.
Essentially, stream restoration projects are to be considered as well-structured experiments, by which
practitioners can learn more about common problems and hypothesize above future design
improvements. In viewing stream restoration in this way, allowances are given for learning, improving,
and ultimately better managing the stream resource.

The first step in the adaptive management approach is to define the goals of the monitoring program. In
doing so, project goals and objectives are made clear, and the scope of monitoring interest is identified.
Following that, specific monitoring questions are developed. These questions are intended to address the
goals and objectives identified in step one, and aid in determining the spatial extent of monitoring
required. The third step is to design the monitoring program and select appropriate methods to evaluate
project performance. At this point, performance thresholds are determined, against which the monitoring
data will be compared. The performance thresholds are related to the project-specific goals and
objectives, and are part of an iterative review process themselves. Once monitoring methods are
selected, the evaluation is carried out and the results are interpreted using the performance thresholds
identified. A decision is made on whether or not the results are acceptable, and further refinements to the
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performance thresholds or overall monitoring design can be made as necessary. Lastly, the
modifications to the monitoring program are implemented, and the process repeats itself again.
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Figure 2.3: Nine-step adaptive management process (from MNR and WSC 2002).

The most important component of the monitoring process occurs when the results are evaluated and
relative success of the project is determined. This information provides guidance on maintenance
requirements, and informs the practitioner as to how the project functioned relative to the original plan.
This component closes the loop in the adaptive management process and provides valuable information
to move forward on the understanding of the science and practice of stream corridor management and
restoration. Stream restoration projects are inherently experimental, in that it is acknowledged that they
will likely require maintenance or modification at a later date, as the system moves towards dynamic
equilibrium. Monitoring is the only means by which such adaptive projects can be implemented with
confidence and accountability.
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231 Geomorphic Assessments

2.3.1.1. Site Characterization

Reach sketch maps provide important site characterization information if repeat visits are to be made.
Prominent features such as roads, trees and large boulders are included for future observers to locate the
site, survey pins and benchmarks (Harrelson et al. 1994). An approximate scale, legend and coordinates
should be included as well as cross-section and sampling locations (Stanfield 2005). A well-drawn sketch
map can provide valuable information on the general characteristics of a site and can assist in evaluating
change over time (Harrelson et al. 1994). Most importantly, the reach sketch map provides information
on both geomorphic and habitat components in a way that highlights the functional integration of these
features.

Geomorphologists and ecologists assess physical aquatic habitat using methods that have resulted in a
research intersection between bottom-up and top-down approaches (Newson and Newson 2000). Simply
stated, geomorphic studies generally evaluate channel form and stream hydraulics in an attempt to
predict physical habitat (e.g. Statzner et al. 1988), whereas ecologists study physical characteristics to
support functional habitat definitions (e.g. Kemp et al. 1999).

The bottom-up approach used by geomorphologists assumes that form dictates function and that habitat
and organism diversity is a product of morphological variability. Statzner et al. (1988) coined the term
hydraulic stream ecology to describe the interrelationships between stream velocity, depth and substrate
in order to predict benthic invertebrate and fish assemblages. Ecologists typically view physical habitat
from a top-down perspective where assessments of biota and qualitative measures of habitat are related
to simple physical characteristics. Terms such as functional habitats have been used to define habitat
types but are generally not related to hydraulic or geomorphic conditions (Kemp et al. 1999). They
examined functional habitats with depth and velocity measurements and found that each habitat was
generally associated with distinct depth-velocity conditions. However, there was no consideration of
channel forming flows and their influence on habitat conditions.

Sub-reach habitat mapping has been advocated for assessing the quality of aquatic habitat. Formalized
approaches such as mapping hydraulic units (Thomson et al. 2001) and biotopes (Newson and Newson
2000) can be incorporated into sub-reach maps. Hydraulic units are defined as patches of uniform flow
and substrate, and biotopes are the equivalent of geomorphic units (i.e. pools, riffles, runs) at the sub-
reach scale. Including such integrative measures of morphology and habitat provides adequate
description of channel stability and physical habitat. Also, sufficient information is collected to allow
monitoring over time. Sub-reach habitat mapping that includes hydraulic units, substrate and biotopes
provides a comprehensive interpretation of channel form and function.

2.3.1.2. Surveying

Given that NCD'’s are in a period of adjustment immediately after construction, surveying is required to
document channel form and as-built conditions. Typically, channel geometry is measured with
monumented cross-sections and longitudinal profiles. An experienced field crew, reliable survey
equipment and surveys tied to benchmarks are necessary for repeatable and consistent data. Harrelson
et al. (1994) provide excellent descriptions of applied techniques applicable to monitoring NCD’s. High
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resolution techniques may also be used, such as high-density topographic surveys for defining and
monitoring natural stream channels (Lane and Chandler, 2003). Less established vegetation, convenient
access and available survey benchmarks in urban settings provide an opportunity to utilize more
sophisticated and detailed methods. These methods typically result in improved accuracy and precision
of the data.

Kondolf and Micheli (1995) advocate the use of monumented cross sections to evaluate channel form,
and allow for sample replication. Monumented cross sections can also incorporate measures of aquatic
habitat and riparian vegetation (Kondolf and Micheli 1995) although additional cross sections may be
necessary to appropriately evaluate these indicators. 10-15 cross-sections are recommended, located
two to five channel widths apart (e.g. Sear and Newson 2004). Replicates of similar morphological units
(e.q. riffle, pool, run, transition, glide) should be used to represent the morphology of the study reach
(Kondolf and Micheli 1995). A minimum of twenty sample points are recommended for each cross-
section, including the deepest point of the channel, bottom of bank, top of bank and bankfull stage
(Annable 1999).

Bankfull width and depth measurements are primary variables for relating channel size to watershed
parameters such as area, flood frequency or level of development (Harrelson et al. 1994). The bankfull
width is a measure of the width of the stream at the point where it tops its banks and spills onto the
floodplain. In urban environments, streams are often disconnected from the floodplain or entrenched. In
these situations breaks in slope, change in bank vegetation or bank erosion can indicate where the high
flow mark.

Longitudinal profile surveys provides accurate information on pool depth, riffle gradient and overall
channel gradient and can document the type and rates of change occurring. Surveying equipment is
used to measure bankfull elevations, maximum pool depths, riffle elevations, and any obstructions to flow.
The length of survey is recommended to be 10-20 times the bankfull width of the stream (Annable 1999).

2.3.1.3. Photographs from Fixed Vantage Points

Photographs from fixed vantage points are an ideal method to qualitatively document and monitor
channel adjustments, bank erosion, success of riparian vegetation and the effectiveness of in-stream
structures and erosion-control measure (Doll et al., 2003). Ideally, photographs should be taken from the
same vantage at the same time of year to provide the most accurate comparison. It is also important to
document bioengineering and restoration plantings at an appropriate season. Harrelson et al. (1994)
provides a methodology for tying site photographs into a benchmarked survey.

2.3.1.4. Erosion Assessment

Erosion pins can be installed along meander bends as well as along straight sections of channel to
provide comparison of change over time and erosion rates (Harrelson et al. 1994). Generally, a 1-m
length of rebar is driven horizontally into the bank leaving approximately 10 cm exposed (Harrelson et al.
1994). Use of erosion pins provides accurate point measurements, while surveys provide less detail but
an overall view of the design.

Scour chains and depth of disturbance rods can be used to measure scour in coarse and fine sediment
environments, respectively (Harrelson et al. 1994). A chain is attached to a pin at a buried depth where
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scour is not anticipated. The length of chain found on return field visits indicates the depth of sour over
the time period (Harrelson et al. 1994). The wiffle ball technique is a modification of the scour chain
method. Multiple scour events can be monitored without having to replace monitoring devices.
Numerous wiffle balls are attached to a rod at equal increments and the rod is installed into the
streambed. During scour events, material is removed and wiffle balls float to the water surface allowing
determination of scour depth. Both scour chains and wiffle balls are used in scientific studies where
short-term or storm-event data are collected. They are not suitable techniques for long-term monitoring.

2.3.1.5. Bed Material Size Distribution

Surficial sediments can be sampled using pebble counts to characterize bed conditions and particle size
distributions (Wolman 1954). Pebble counts can be used to estimate grain roughness, predict bed
mobilization thresholds, assess framework size of spawning gravels, and track changes in surficial
sediment. The OSAP prescribes pebble counts at equal intervals based on channel dimensions whereas
the RMN protocol prescribes counts at equal distanced cross-sections within geomorphic units (pools,
rifles, runs) to ensure measurement of multiple habitat types. Another pebble count technique is the
zigzag method that mixes sample points from a number of habitats. This technique has not been found to
provide an adequate sample size or a repeatable procedure (Kondolf 2000). A thorough review of
numerous methods for sampling particle size distributions in gravel and cobble-bed streams are
summarized in Bunte and Abt (2001).

Visual estimates of grain size have been well documented in numerous studies of physical habitat (e.g.
Plafkin et al. 1989). They are simple and cost-effective but do not allow for quantifiable or repeatable
measures. No literature was found to indicate that such subjective measurements could be reproducible
between observers (Kondolf and Piegay 2003).

Kondolf and Piegay (2003) suggest that combining facies maps with pebble counts provides an overall
context of sedimentary units with specific grain size distribution data. A facies map categorizes
sedimentary deposits that have similar grain size and/or sedimentary structure that represents a distinct
local depositional environment. It provides an accurate description of current conditions, baseline data for
measuring future change, and a basis for comparing sediment characteristics among channels, but less
detail than pebble counts over a wide area (Kondolf and Piegay 2003). It is useful for integrating
measures of geomorphology and aquatic habitat.

Bulk sampling for fine sediments is not necessary when examining gross features and facies. This
technique is more appropriate for sediment transport modeling projects.

2.3.1.6. Rapid Assessments

Numerous rapid assessment methods exist to evaluate stream health and the form or function of
physical, chemical or biological components. All rapid assessment methods assume that an established
riparian zone is a measure of stream stability. The MOE (1999) Rapid Geomorphic Assessment (RGA)
documents indicators of channel instability, and types of systematic adjustments occurring in the system
(e.g. widening, planform adjustment). This provides insight into stresses from alterations in sediment and
flow regime). The Galli (1996) Rapid Stream Assessment Technique (RSAT) ranks in-stream habitat,
water quality, riparian conditions, and biological indicators. Along with these assessments, rapid
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measurements of bankfull channel dimensions, type of substrate, vegetative cover, channel disturbance,
areas of erosion and other observations are included. With NCDs, rapid assessment of stability is
problematic with regard to newly planted riparian vegetation not functioning as an established community.

The Adopt-A-Buffer Toolkit provided by the Delaware Riverkeeper Network (2003) is a potentially useful
tool for performing rapid assessments of newly constructed projects. The methods outlined for the plant
survey are suited to recently installed restoration plantings; however the implementation details may not
be appropriate for the southern Ontario context, and may require calibration for local use.

2.3.2 Bioengineering Elements

Generally, bioengineering is used in NCD to increase bank stability, provide aquatic habitat and limit
hazards associated with channel migration. An evaluation of these elements for habitat provision can be
done by comparing the distribution and quantity of in-stream habitat before construction with after-
construction data. The OSAP describes methodologies to quantify and classify in-stream habitat by
quality and type (Stanfield 2005). Changes in amount, distribution and quality of habitat can be
determined spatially and temporally.

Measurements of vegetation survival associated with bioengineered structures can be made using plots
or direct counts (Doll et al. 2003). Stem-counts and photographs can document existing vegetation and
be compared with upstream reference conditions. It is recommended that 10% of the bioengineering
elements be surveyed, using sampling plots that are repeatable and tied into a benchmarked survey.
Sampling should be conducted during the growing season and monitoring of vegetation survivorship at
meander bends is critical (Doll et al. 2003).

Wilson et al. (2002) describe a method for evaluating in-stream, off-channel and fish access restoration
using a four-point ranking scale contrasting present conditions relative to project objectives. Rating
intervals are: 1 — failure to meet objectives; 2 — poorly meeting objectives; 3 — adequately meeting
objectives; and 4 —beyond expectations of meeting objectives. Rankings are made for both physical and
biological components of in-stream and channel rehabilitation projects, similar to methods by Koning
(1999). Most ranking schemes have been developed for mountain environments, therefore using a semi-
gualitative assessment approach may be the best alternative until success criteria are developed for local
conditions.

2.3.3 Riparian Conditions

Linkages between riparian and aquatic habitats are important characteristics of stream corridors, and are
often considered as design elements of NCD’'s in floodplain areas. To assess the function and
effectiveness of stream corridors several parameters need to be measured, including habitat type, width,
length continuity and character of surrounding lands (Stephenson 1999).

Winward (2000) describes sampling methods for monitoring riparian vegetation that measure vegetation
cross-section, greenline composition and woody species regeneration. A minimum of five cross-sections
are randomly positioned perpendicular to the stream flow and the dominant vegetation types are
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recorded. The data are compiled to determine percent composition for each community type. The
greenline is defined as the first perennial vegetation that forms at the water's edge. Winward (2000)
argues that evaluating this vegetation composition can provide indication of the general health of the
riparian area, as well as the current strength of the stream banks. The dominant vegetative community
type is recorded along the greenline, and woody species are recorded based on age class and height of
the plant. Riparian assessment procedures by Koning (1999) provide indicators for monitoring
vegetation, including measurements of tree and shrub survival, growth in target trees, tree height, stem
diameter at specific height, leader growth and bud size, canopy cover and evidence of disease, animal
damage and windthrow. A monitoring assessment of riparian conditions can also be used to determine
what maintenance repairs are necessary for a NCD project.

The Adopt-A-Buffer Toolkit provided by the Delaware Riverkeeper Network (2003) is a potentially useful
tool for performing surveys of recently installed restoration plantings. This method documents percentage
of plantings that are alive/healthy, status of live stakes, damage to plants, and documents invasive plant
species. Implementation may require calibration for local use.

Riparian conditions are also assessed as part of the OSAP point-transect sampling methodology.
Dominant vegetation community types are recorded at each transect, and a bank grid is used to assess
the extent of rooted vegetation within 1 m of the banks (Stanfield 2005). These measures are used to
evaluate riparian vegetation type and density. The OSAP also provides methods for evaluating stream
temperature in the context of thermal suitability for varying fish communities. Pre- and post-construction
monitoring of stream temperature upstream and downstream of the project site can be used as an
indicator of riparian vegetation shading effects, and success of the NCD design in providing conditions
suitable for target fish communities.

Ecological Land Classification (ELC) is a vegetation community description tool to systematically
categorize vegetation communities of southern Ontario (Lee et al. 1998). It is a province-wide ecological
classification scheme that describes and inventories plant communities at various scales. The ELC would
be useful for classifying the vegetation within riparian zones and developing plant lists for areas of
interest. The ELC has limited value for assessing riparian vegetation in newly planted restoration areas,
as it is designed for classification of established vegetation communities that change over long periods of
time. ELC may be useful for documenting pre-construction conditions and reference reach conditions as
part of developing restoration targets.

234 Aquatic Conditions

2.3.4.1. In-Stream Habitat

There are several stream monitoring protocols in existence that assess aquatic habitat in varying ways.
Of these protocols, the Ontario Stream Assessment Protocol (OSAP — Stanfield 2005) is the most
relevant to the southern Ontario context, and is used as part of the TRCA Regional Monitoring Network.
Therefore, measures of in-stream habitat from the OSAP are practical for incorporation into a NCD
monitoring protocol.
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The OSAP contains a series of standardized methodologies for identifying sampling sites, evaluating
benthic macroinvertebrate communities, evaluating fish communities, measuring physical habitat in
wadeable streams. Multiple methods are presented for each section, varying in amount of effort required
and interpretations that can be made of the data. The sections pertaining to physical in-stream habitat
focus on measurements of channel structure, channel processes, and habitat suitability for biota. As
many of these variables are typically measured during fluvial geomorphic studies, there may be
significant overlap in data if the OSAP methods are adopted wholesale in a NCD monitoring protocol.
Therefore, it may be more appropriate to include only portions of the OSAP methods for physical habitat,
to integrate with geomorphological measurements.

2.3.4.2. Water Quality

Benthic invertebrates are a widely used bio-indicator of water quality and aquatic ecosystem health
because sampling and identification is inexpensive and simple (Resh et al. 1995; Whiles et al. 2000).
Benthic invertebrates are less mobile than fish and may be more responsive to watershed-scale
influences than diatoms (Chessman et al. 1999). The U.S. Environmental Protection Agency’s Rapid
Bioassessment Protocol (RBP) (Plafkin et al. 1989) and the Benthic Index of Biotic Integrity (B-1BI)
(Kerans and Karr 1994) are examples of bioassessment approaches that use biological measures of
benthic invertebrate communities. The most common usage of the RBP is below point sources, such as
sewage treatment plants (Watzin and Mcintosh 1999).

The OSAP describes a method for measuring the composition of benthic macroinvertebrate communities
that is consistent with the Ontario Benthos Biomonitoring Network (OBBN) protocol (Jones et al. 2004).
Based upon the varying sensitivities of the organisms collected an evaluation of biotic health is
determined and inferences of upstream water quality can be made.

Chemical water quality monitoring can often be used in conjunction with biological monitoring. Water
chemistry is often conducted after biological studies to determine the causal factors influencing the
structure and function of benthic invertebrate communities. Laboratory analyses of water chemistry are
expensive, and detailed assessments are often required to provide evidence of impact. As example,
heavy metals may be influencing benthic invertebrate community structure and function, but they cannot
be identified without water chemistry analysis. In situ water chemistry tests are often more practical
compared with laboratory analyses and may include: water temperature, pH level; dissolved oxygen,
conductivity, turbidity/opacity; suspended/floating matter; trash loading, odour, colour.

Provincial Water Quality Objectives (PWQQO's) for Ontario are provided by the Ministry of Environment
and Energy (MOEE) as a guideline for the protection of aquatic life and recreational uses (MOEE 1994). If
chemical analyses are performed, the results can be compared with the PWQO numerical and narrative
criteria, which are chemical and physical indicators of satisfactory conditions in surface waters (MOEE
1994).

2.3.4.3. Fish Community

A common anticipated response to NCD projects is an increase in habitat usage by fish. Measures of
habitat usage by fish can be obtained by conducting a fish inventory within the NCD project area. The
OSAP describes suitable methods for fish inventories employing electrofishing techniques to document
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fish community composition and relative abundance. Metrics such as Catch Per Unit Effort (CPUE) and
species richness and diversity can be derived from the data to evaluate the NCD.

A fish community Index of Biotic Integrity (IBl) was adapted for southern Ontario by Steedman (1988).
The IBI integrates 10 fish community metrics that result in a score of stream habitat quality. A change in
score implies a change in the fish community and can indicate that a shift has occurred in fish habitat
condition or characteristics. The IBI can be used to compare fish community metrics over time as NCD
sites become established.

2.3.5 Social and Cultural Elements

Natural environments are important in both rural and urban landscapes for human recreation and
enjoyment. Recreation may be as simple as visually stimulating experiences or more intensive such as
swimming, canoeing, hiking, fishing and hunting (Harrington 1999). Aesthetic benefit of a NCD and
recreational use by humans can be evaluated to monitoring public perception of project success.

The RMN describes a survey methodology implemented by volunteers to determine the overall aesthetics
of watercourses with the TRCA jurisdiction. Sites are ranked with categories for water colour, water
clarity, water odour and the presence of visible debris and litter. Data are converted to humerical index
values and scored for the study area. The results provide information about public opinion that can be
used to refine the design and monitoring processes. A more detailed survey of public viewpoints and
expectations of a channel restoration project is described in Planck et al. (1999). A questionnaire was
designed to determine the level of understanding and viewpoints of local residents with regard to a
channel restoration project. Data were collected on demographics, education, and respondent use of the
restored channel area. The authors found that the responses varied but the information gathered was
useful in evaluating the NCD project.

2.4 Data Analysis and Evaluation of Project Success

Palmer et al. (2005) suggest that the most effective restoration projects lie at the intersection of ecological, learning
and stakeholder success (Figure 2.4). Downs and Kondolf (2002) suggest that using an adaptive
management approach allows for success to be defined in two ways. First, project success can be
realized if a project achieves its goals or if the project provides a learning experience and/or improves the
science of NCD projects. Also, NCD techniques can be improved upon and the relative costs and
benefits of projects can be compared (Opperman and Merenlender 2004).
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Ecological Success
Guiding image exists

Ecological improvement Scien ttion
Self-sustaining Management experience
No lasting harm done Improve methods .

Assessment completed

Figure 2.4: Effective restoration using ecological, stakeholder and learning successes.

Although Figure 2.4 provides a conceptual definition of success, criteria are required to evaluate
restoration projects. Measures of success should be derived from pre-defined project targets. For
existing projects where these targets are not available, general thresholds can be used (i.e. increase to
overall channel length, increased variability in substrate, increased variability in channel morphology,
etc.). Palmer et al. (2005) list five criteria for measuring success and Jansson et al. (2005) supply a 6"
criterion (Table 2.1). From these criteria, a list of monitoring measures can be developed to assess the

effectiveness of the restoration project at attaining the original goals.

Table 2.1: Criteria for evaluating NCDs (from Palmer et al. 2005; Jansson et al. 2005).

Criteria

Evaluation Guidelines

Indicators

Guiding Project

Consideration of key system variables
(hydrology, chemistry, geomorphology,

Project goals and objectives.

Image . . .
g physical habitat and biology).
Details how the system works, how it is .
. . Change in the system or causes of
Conceptual affected by environmental conditions, . . .
, . . ) impairment, and mechanisms
Model how it has been impaired, and how it .
. . responsible for the change.
may respond to restoration techniques.
Selection of indicators of ecological - S .
. . . Channel stability, biotic integrity,
Ecosystem integrity specific to local and watershed o . .
. . N biotic diversity, water quality, and
Improvement conditions, and identification of : i ,
aquatic/terrestrial habitat.
stressors.
Documentation of maintenance Amount of maintenance required
Increased requirements and capacity to recover after channel construction and
Resilience from natural and anthropogenic comparison with range of reference
disturbances. conditions values.
Downstream deposition of fines,
Impact Assessment of impacts from channel percent riparian vegetation
Reduction construction. damaged, degree of bank erosion,
planting survival.
Ecological Documentation of post-restoration Pre- and post-construction
Assessment monitoring with appropriate indicators. monitoring assessments.

Analyzing monitoring data is essential for evaluating a project's success at achieving its goals and
objectives, determining how key ecological indicators are responding, and providing information to
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improve future designs (Gaboury and Wong 1999). Kondolf and Micheli (1995) provide a conceptual
process for evaluating a stream restoration project (Figure 2.5).
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project, general » Secure » Study historic = Define » agencies A > restoration > isas
iecti channel conditions { li measures
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» contingency e
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» budgetis
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Figure 2.5: Conceptual diagram of stream restoration evaluation (from Kondolf and Micheli 1995).

2.5 Storage and Management of Data

Storage and management of data is an important component in any monitoring process. It provides an
inventory of monitored projects and allows for comparisons to be made between projects quickly and
efficiently. If storage and management of data are overlooked, important information may be lost and
project evaluation may be affected. Hard copies should have duplicates that are stored in a separate
location from the originals, and computer files should have backup copies (Harrelson et al. 1994).
Photographs also require timely management and organization. It is recommended that both hard and
digital copies be kept for storage and retrieval purposes (Yetman 2001). Results from the monitoring
program must also be summarized in a concise fashion and presented to resource managers to provide
evidence of project success, failures and future needs for NCD'’s.

2.6 Training

NCD monitoring requires field personnel to be well trained in the procedures they are to follow (Gaboury
and Wong 1999). No outline of the skill base needed to monitor and evaluate NCD’s was found in the
literature. Although not implicitly stated in most protocols, a multi-disciplinary approach should be taken
with teams representing the disciplines of geomorphology, biology and engineering. Training in other
monitoring protocols (e.g. OSAP) may help to implement the monitoring of NCD projects.

2.7 Gaps in the Literature

In general, although there are many protocols in the general literature that outline a conceptual framework
for monitoring NCDs, there have been no comprehensive protocols developed specifically for the
southern Ontario context where substantial channel alteration work has occurred. Existing methodologies
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focus on field measures and lack guidance in developing criteria or measures of performance,
establishing reference reaches, collecting baseline information and analyzing monitoring data.

The literature notes a need for NCD monitoring to move beyond simply assessing the low flow or bankfull
channel design, to evaluating floodplain features and functions. Stream corridors and connectivity
between the floodplain and low flow channel are features and functions that should be assessed as part
of NCD.

Currently, there are limited baseline data for existing NCDs, and lack of associated criteria for evaluating
success, which is likely a product of applying varying monitoring efforts and the complexity inherent in
natural watercourses. Excellent conceptual frameworks exist for monitoring designs, but there are limited
applied science methodologies available. The importance of cultural and social elements are also
discussed in the conceptual literature, but few detailed methods are found.

With regard to performance criteria and success thresholds, generic concepts are provided, but limited
guidance is available on pre-defined restoration targets. Moreover, there is very limited work documenting
failure and mechanisms of failure of NCD elements. It is important to identify mechanisms of failure as
part of a monitoring initiative, as numerous examples exist from which important data can be gleaned.
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3.0 PRELIMINARY ASSESSMENT OF TRCA NCD PROJECTS

3.1 Introduction and Purpose

A preliminary assessment of 29 NCDs within the Toronto and Region Conservation Authority (TRCA)
jurisdiction was conducted to document existing conditions, identify design themes, and qualitatively
identify practical issues that needed to be considered in development of a standardized monitoring
protocol. The assessment included a review of available background information and design materials
provided by the TRCA. Site visits included rapid assessments, photographs, several quantitative
measurements and visual assessments of geomorphology, aquatic habitat, water quality, bioengineering,
restoration plantings, in-stream structures and aesthetic value. The preliminary assessment provided
insight on common design issues and assisted with refining and identifying key techniques used to
monitor NCD’s. Fulfilling the adaptive management approach, qualitative observations of thematic or
common design deficiencies are described and generic prescriptions to improve design success are
outlined.

3.2 Methodology

Initially, 23 NCD project sites within the TRCA jurisdiction were selected for a preliminary assessment in
the fall of 2005. The assessments were comprised of a desktop summary of existing pre-construction
conditions (as available), a review of design materials (drawings, design briefs, EA documents, and other
supporting materials as available) and a field component including rapid assessments of the sites to
examine existing conditions. In the RFP there were 32 sites identified for assessment, but due to the
limited extent of some of the projects and the lack of background information this list was reduced to 23
sites. Several NCD sites contained multiple reaches with significantly different design characteristics and
site conditions. These sites were subdivided into separate reaches and treated as separate sites; this
increased the number of assessment sites to 29.

As part of the desktop assessment all available drawings and documentation were reviewed, and the
following information was summarized, as available:

« Project objectives
o Design method
e Scale of works
« Design constraints
« Construction / permit date
« Bankfull design parameters
« Planform design parameters
e Instream structures and substrates
« Bank treatments, bioengineering, habitat structures prescribed
An excel spreadsheet was created to summarize the materials outlined above (Appendix B).
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As part of the field assessment each site was visited by at minimum a two-person team. During each site
visit, the entire NCD was walked as well as portions of channel upstream and downstream of the NCD,
where accessible. Photographs documenting sites conditions were also collected.

The preliminary assessment for each NCD project area included:

e Sub-reach sketch map following methodologies outlined in the literature review and monitoring
sections

o Rapid Geomorphic Assessment (MOE, 1999)

« Rapid Stream Assessment Technique (Galli, 1996) and a modified protocol which included separate
evaluations of riffle form and function and bioengineering function

« Visual assessment of reach characteristics

« Approximate measurements of bankfull dimensions and wetted width and depth

« Qualitative observations of geomorphic and aquatic habitat characteristics

« Comments on channel hardening, disturbances or barriers

« Photographic record of site conditions

« Visual assessment of restoration plantings, in-stream structures and bioengineering elements

« Visual assessment of aesthetics, maintenance, resilience, riffle success/failure

o General comments with respect to observed conditions

Assessments were completed on standardized field sheets to allow comparability between sites.
Photographs were organized and labeled and field data were condensed into 2-page summary sheets for
each NCD.

3.3 Discussion and Results

Observations from the preliminary assessment provide insight on the level or detail of designs,
methodologies and techniques currently being applied, overall condition of existing NCD sites within the
TRCA jurisdiction and an initial qualitative evaluation of ‘successful’ design elements and projects.
Background information on pre-existing conditions as well as design related materials were reviewed
where possible as part of the preliminary assessment. Permitting dates for NCD’s ranged from less than
one year to eight years with an average age of 3 years. This means that most of the channels are likely
still in adjustment. The project scales varied from 27 m to over 1800 m in extent, although most were
greater than 100 m. Several projects covered multiple reaches. The extent of corridor modification
ranged from works limited to those necessary to install the low flow channel and limited re-vegetation to
construction of 60 to 90 m wide floodplains (channel corridors) including substantial earthworks, corridor
stabilization and restoration planting. The range in project scales needs to be recognized as a difficulty in
standardizing monitoring protocols. Monitoring requirements need to reflect the level of alteration and
potential impact of the NCD.

With regard to documentation of designs, limited baseline information exists for the majority of NCD sites
within the TRCA jurisdiction, as well as a lack of monitoring documents, which makes assessing overall
‘success’ of individual NCD'’s difficult. Fewer than 20% of NCD projects within the TRCA jurisdiction
included design briefs, pre-construction information or monitoring programs. This apparent lack of
documentation is likely both a product of the discontinuity in paper accounting from conceptual design to
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detailed submissions, and less rigorous previous permitting requirements with regard to documenting pre-
design conditions, conceptual design objectives, and performance criteria.

It is anticipated that this proportion has and will continue to increase in the future as NCD practices
mature. Design briefs in particular are important, as they are intuitively the document in which to
incorporate per-construction conditions, conceptual design objectives, and performance criteria.

A review of available design materials provided insight on what types of designs and restoration practices
are being implemented and when they were constructed. With regards to design approaches, many of
the projects did not specifically outline a design methodology. Through a review of the drawings in
absence of a documented design approach, a large number appeared to use a simple modification of
existing conditions or limited reference reach approaches (design geometry generally conforms to
existing conditions with addition of ‘enhancements’ or ‘stabilization elements’). A more limited proportion
applied either a Rosgen-like approach or a more formal reference reach approach. With regards to
common design elements, more than 90% of projects included constructed riffles and restoration
plantings, and almost 80% included bioengineering elements. Only 40% of projects included habitat
structures.

Bank treatments tended to consist of brush layering, brush mattresses, fascines, crib walls, and
vegetated rip rap. Habitat structures were limited to features such as root wads and anchored logs, and
occasional application of lunkers. Floodplain wetlands, wet meadows and off-line ponds were also
prescribed as habitat/corridor enhancement features.

There was a general lack of post-construction monitoring documentation submitted to the TRCA. This is
likely, in part, due to the permitting process which usually only requires monitoring documentation to be
submitted to DFO. From those projects where monitoring documents were available, the documents
usually examined geomorphic, habitat and planting success to some level. Most summarized potential
issues and discussed at least qualitatively successful elements of the design. In all cases there was a
lack of pre-defined success criteria.

The timing of the preliminary assessment should be noted as this may greatly influence observations and
measurements recorded. NCD projects were visited after a very large storm event affecting the GTA
(August 19, 2005). Also, site reconnaissance occurred in the late fall. During this period flows were
variable due to seasonal storm events. In most cases sites were visited during periods of relatively low
flow. In many instances, observations were collected outside of true low flow conditions, which are
preferable for assessing fish passage. Also erosion and depositional evidence is best observed before
leaf out, which was another limitation. It should also be noted that 13 of the NCD projects were visited
three months earlier and documented with photographs and provide a comparison of flow conditions and
riparian vegetation.

A number of overall design elements were generally successful. A qualitative comparison of design
drawings with present site conditions shows that the majority of NCD’s have similar planform compared to
the design. Qualitatively, it was observed that most riparian plantings were establishing as prescribed.
The majority of the crib walls observed were generally undamaged with established vegetation and
functioning as per design. It is assumed that brush mattressing was successful, where applied, as the
outsides of most of the prescribed meander bends were well vegetated.
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Overall project success was evaluated in a qualitative manner by examining the function of design
elements. The design elements were categorized into; constructed riffles, bioengineering elements, and
habitat structures. Riffle failure or success is described in more detail in the following paragraphs. For
riffles to be considered functional as an overall design element, greater than 50 percent of the individual
riffles within the design needed to be functioning. Similarly, for bioengineering to be considered
successful, greater than 50 percent of the bioengineered structures needed to be stable (limited evidence
of imminent failure). Habitat structures were evaluated based upon their survival and function. An
example, a LUNKER being in place and providing the habitat envisioned, would be regarded as
successful. Whether fish were utilizing these features was not assessed. Appendix D summarizes this
gualitative assessment. In general the channel designs were functioning as intended. The only repeating
issue was the occurrence of obstructions to fish migration. The majority of these obstructions were
caused by vegetation encroachment or the construction of riffle structures at an elevation higher than the
low flow channel. An examination of failure of individual design follows.

It should be noted that the failure of an individual bioengineering element or grade control structure in a
substantive design should not be interpreted as failure of the design. In many cases individual design
elements may not have performed as anticipated within a given design. Within each NCD a number of
individual design elements were generally not functioning as intended. The most commonly observed
themes included, partial failure of riffle structures, low survival rates of live staking, extensive areas of
exposed parent material and excessive bank erosion (greater than 50% of the channel length). Given the
lack of baseline data or reference reach data it is difficult to establish if this should simply be considered
natural adjustment or systematic issues with these NCD'’s.

An almost ubiquitous design element was construction of riffle pool sequences, and therefore special
attention was taken to qualitatively examine the condition of these features. With regard to prescription
and installation of bed control structures such as riffles, vortex weirs and other similar design elements,
there appeared to be limited appreciation of the semi-alluvial nature of many of the channels within the
GTA. In many cases bed materials were either not prescribed in adequate quantities or installed in a way
which limited their potential success, such as being installed directly on till or other similar materials to a
limited depth and or without keying materials into the bed.

Individual riffle ‘failures’ can be separated into those with compromised function and those with structural
failure. From comparison between designs and the failed features, in many cases these issues can be
attributed to limited design detail, or appreciation of the existing conditions, and/or poor construction
practices. In several cases over-sized materials or poor gradation have resulted in substantial through
flow of installed riffles, which given the lack of structural failure is treated as compromised function.
These features likely do not provide good spawning grounds, oxygenation of flows or in the most extreme
cases result in complete subsurface flow during low flow conditions causing barriers to fish passage.
These features are often accompanied by encroachment of in-stream vegetation due to the lack of
concentrated flow; these channels also tend to have issues with regard to water quality. Installation of
less sorted gradations and/or with a native fine component, along with thorough compaction would likely
correct these issues.

The most prevalent structural failure was outflanking. This was particularly true of hard structural features
such as rock vortex weirs. There are two reasons for these failures. First, limited lateral extent of
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treatments did not account for potential channel migration. Second, and likely more important, lack of
integrated bed and bank treatments. Given that in many cases bank materials are more susceptible to
erosion than the prescribed bed materials, designs should at minimum include adequate bank treatment
to temporarily stabilize banks until vegetation has established. Outflanking in most cases was not
contributing to complete failure of the design element.

Winnowing of riffles leading to functional failure was also observed. There was limited evidence of active
headcutting of riffles, but given that in many designs the riffle materials were not keyed into the bed and
were only in layers 2-3 grain diameters thick, headcutting would likely rapidly lead to total failure. As
such, it is possible that the process may have initiated the failure of elements that were ‘blown out’. The
extent and location of parent material may have not been included in design considerations because
exposure of parent materials was fairly common, contributing to riffle failure and limiting pool
development.

In most cases restoration plantings were healthy. However, on several occasions live staking was
observed to be functioning poorly. This in many cases was due to improper installation, timing of
installation or lack of watering during critical stages.

Overall, approximately 83% of the channels were in transition or adjustment and will continue to undergo
minor adjustments. The remainder were either heavily vegetated with wetland vegetation or were low
gradient streams showing few signs of geomorphic adjustments.

3.4 NCD Project Site Summaries

A summary of each site is provided as part of the preliminary assessment of NCD sites. Detailed site
summaries are included in Appendix C for each of the NCD monitoring sites. Also, functioning of design
elements is provided in Appendix D.

3.5 NCD Project Site Monitoring Plans

Based upon a review of the preliminary monitoring data collected at the sample sites, a monitoring plan
was developed for each of the NCD sites based upon the methods presented in this protocol. The
detailed monitoring plans for each site can be found in Appendix E.

3.6 Costing/Utilization

From review of existing identified NCD'’s in this project, the scale of projects is highly variable. Therefore,
staff time required to fulfill monitoring requirements will also be highly variable. With regards to costing,
realistic costs will be dependent on hourly rates. These will be dramatically different if the work is
completed as internally or alternatively outsourced. Therefore Table 3.1 provides opinions of probable
staff requirements broken down on the basis of individual activities conducted during the 3 years for each
monitoring component. In several cases, activities require multiple staff; therefore probable staff numbers
are also included. The detailed estimate of utilization is based on conducting a full monitoring program at
one NCD site over the recommended monitoring time period assuming a 100 to 300 m length of channel.
This would include field, laboratory (where necessary) and desktop summary of data. It does not include
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meetings, or a master report preparation. This format allows simple rationalization of costs once per diem
rates are identified. It is also noted that there is a significant level of rationalization available through
completion of complementary components of monitoring. The geomorphic, habitat and bioengineering
components can be completed as one unit with a limited increase in the staff requirements outlined for
the geomorphic component. Fisheries surveys and water quality due to the specific field and laboratory
components need to be treated as individual components. The social and cultural elements assume site
observations and compilation of mail out survey.

Table 3.1: Complete monitoring program staffing requirements for one NCD project over 3 years.

No. of Staff
MONITORING COMPONENT ) Total Person Days
Required

Fluvial Geomorphology 2 14*
Aquatic Habitat 2 10*
Fish Community 2 8
Water Quality 2 14
Riparian Conditions 1 8*
Engineered / Bioengineering Elements 1 2.5*
Social and Cultural Elements 1 4.5

Total 61

* can be combined with other components involving complimentary activities
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Table Al: Glossary of terms

Aggradation

Alluvial Stream

Bankfull

Bankfull Discharge

Baseflow

Bed Erosion

Bedload

Benthic

Macroinvertebrates

Bioengineering

Cross-Section
Deposition
Diatoms

Discharge

Erosion

Facies

Floodplain

Fluvial

The geological process by which a streambed is raised in elevation by the
deposition of additional material transported from upstream (opposite of
degradation).

Streams that have erodible boundaries and are free to adjust dimensions,
shape, pattern and gradient in response to change in slope, sediment
supply or discharge.

This stage is delineated by the elevation point of incipient flooding,
indicated by deposits of sand or silt at the active scour mark, break in
stream bank slope, perennial vegetation limit, rock discoloration, and root
exposure.

A flow of water large enough to fill the width and depth of a stable, alluvial
stream. Water fills the channel up to the first flat depositional surface
(active floodplain) in the stream. Such a discharge occurs approximately
every 1.5 years.

Flow in a channel generated by moisture in the soil or groundwater.

The process by which water loosens and wears away soil and rock from
the bottom of a body of water, usually resulting in a deepening of the body
of water.

The part of a channel’s sediment transport that is not in suspension,
consisting of coarse material that is moving on or near the channel bed.

An organism lacking a backbone, large enough to be seen with the naked
eye, that inhabits the bottom of a stream.

An engineering technique that applies biological knowledge when
designing and constructing earth and water constructions and when
dealing with unstable slopes and stream banks.

A transect taken at right angles to the stream flow direction.

The settlement of material onto the channel bed.

Microscopic unicellular algae. Most are aquatic.

The rate of flow expressed in volume per unit of time (usually expressed
in m3s-1). Discharge is the product of the mean velocity and the cross-
sectional area of flow.

A process or group of processes whereby surface soil and rock is
loosened, dissolved, or removed from one place to another by natural

means.

The sum total of features that reflect a particular sedimentological /
depositional unit.

Any lowland that borders a stream and is inundated periodically by water.

The science of or pertaining to river processes. Also, the distinctive
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Geomorphology
Geomorphic

Hydrology

Macrophytes

Physiography
Planform

Reach

Riffle

Riparian

Scour

Sediment Load

Surficial Geology

Watershed

channel features produced by the action of a stream or river.
Pertaining to the geology, origin and nature of landforms.

An earth science that studies the occurrence, distribution, and movement
of water.

A plant large enough to be visible to the naked eye, especially in
reference to aquatic plants.

The study of landforms and soil forming materials.
Channel pattern.

A channel type unit length with the same channel type existing for a length
over twenty bankfull channel widths (Rosgen). The length of channel
uniform with respect to discharge, depth, area, and slope. The length of a
channel for which a single gage affords a satisfactory measure of the
stage and discharge. The length of a river between two gaging stations.
More generally, any length of a river.

A reach of stream in which the water flow is shallower and more rapid
than the reaches above and below.

The area adjacent to flowing water (e.g. rivers, perennial or intermittent,
streams, seeps or springs) that contains elements of both aquatic and
terrestrial ecosystems.

The process of removing material from the bed or banks of a channel
through the erosive action of flowing water.

The sum total of sediment available for movement in a stream, whether in
suspension (suspended load) or at the bottom (bedload).

The study of surface materials, their formation and distribution.

The land drained by a river or creek and its tributaries.
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Table B1: Project Descriptions

Project Description

. Project Project Design .
Pr(ﬁ])ect Project Name Watershed Municipality Location Project Objectives Reach Valley Approach/ Design Assumptions Design Constraints Consbt;ttiectlon
Length (m) Width (m) Method
Little Etobicoke
2 Creek Restoration - Etobicoke Mississauga No File Provided
Applewood Park
. Highway 7 and
3 Fonthill Channel Rouge Markham Main Streetin Not identfied. 500 12 Not identified. Not identified. Not identified. 1996
Restoration
Markham
Highland Creek
4 Malvern Branch Highland Toronto No File Provided
Bank Restoration
‘ Markham . .
Highland Creek Road and Creation of a natural valley system with Model after a
Rehabilitation Study . meandering channel, connection to local - -
5 - Natural Channel Highland Toronto Egisarge‘:;e floodplain, and appropriate terrestrial 1800 60 characteristic Not identified. Not identified. 1997
Design habitat. reach.
Toronto
i 5726 19th
6 Little unge Rlyer Rouge Markham Avenue in New bypass Cha“"e' o take ponds off 200 20 Not identified. Not identified. Not identified. 1998 /1999
Restoration Project line.
Markham
McCowan
Berczy Village Rﬁg,gpd Design to be
8 Burdenet Creek Rouge Markham Macké nzie Not identified. 900 60 Rosgen Type E Not identified. Not identified. 1999
Channel Lowering Drive i Channel
rive in
Markham
New Westminster Enudﬁ ;ﬁ?h?r;g?tli
9 Creek Natural Don Vaughan Road in Not identified. 420 40 Not identified. Not identified. Not identified. 1998
Channel Design
Vaughan
16th Avenue " ’
Wismer Commons and Major Cﬁégo?omrzﬂggiﬁgfe z:g]mvzlilveé/r;tsmg Design to be
10 Robinson Creek Rouge Markham Mackenzie fiparian thitat dversity and corr\gc')r 760 20 Rosgen Type E Not identified. Not identified. 2000
Lowering Drive in P funci Channel
unction.
Markham
Miller Creek Re-creat\pn O.f a meandering stream Modelled after a Beaver activity in the project area will
Realignment and Taunton Road form with rifle-pool sequences. local affect channel processes. Channel
11A Natural Channel Duffins Ajax and Westney Reconnect the floodplain. Mitigation of a 1055 40-60 characteristic Not identified. desian must meet existin .elevations 2003
Design (Reach 6) Road in Ajax. barrier to fish passage. Valley corridor reach 9 at reach boun dar?es
g improvement through plantings. ' ’
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Project Description

. Project Project Design .
Pr(ﬁ])ect Project Name Watershed Municipality Location Project Objectives Reach Valley Approach/ Design Assumptions Design Constraints Consbt;]ectlon
Length (m) Width (m) Method
Miller Creek Re-creat\pn O.f a meandering stream Modelled after a Beaver activity in the project area will
Realignment and Taunton Road form with fle-pool sequences. local affect channel processes. Channel
11B Natural Channel Duffins Ajax and Westney Reconnect the floodplain. Mitigation of a 812 40-60 characteristic Not identified. design must meet existin .elevations 2003
; Road in Ajax. barrier to fish passage. Valley corridor 9 9
Design (Reach 1-2) . . reach. at reach boundaries.
improvement through plantings.
Block 32 Don River Highway 400
Tributary Channel and Major Naturalized valley corridor with low-flow Design to be
12A Realignment Don Vaughan Mackenzie Y 1400 45 Rosgen Type E5 Not identified. Not identified. 1999
o meandering channel.
(Upstream from Drive in Channel
Highway 400) Vaughan.
Block 32 Don River Highway 400
Tributary Channel and Major Naturalized valley corridor with low-flow Design to be
12B Realignment Don Vaughan Mackenzie mean deyrin channel 770 40to 90 Rosgen Type E5 Not identified. Not identified. 1999
(Downstream from Drive in 9 . Channel
Highway 400) Vaughan.
Highway 7 and
13 Robinson Creek Rouge Markham Markham Not identified. 238 UNK Not identified. Not identified. Not identifid. 200012001
Naturalization Road in
Markham
Yonge Street
German Mills Creek . . and Brookside R — — R
14 Realignment Don Richmond Hill Road in Not identified. 70 UNK Not identified. Not identified. Not identified. 2000
Richmond Hill
Carruthers at Bayly
15 and Shoal Point Carruthers Ajax No File Provided
Road
Bayly Street
Amberlea Creek Frenchman's — and Vistula R — — R
16 Realignment Bay Pickering Drive in Not identified. 85 UNK Not identified. Not identified. Not identified. 2001
Pickering
17 Holy Trinity School Rouge Richmond Hill No File Provided
Stream Realignment
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Project Description
. Project Project Design .
Pr(ﬁ])ect Project Name Watershed Municipality Location Project Objectives Reach Valley Approach/ Design Assumptions Design Constraints Consbt;ttiectlon
Length (m) Width (m) Method
fluvial geomorphology
Staines Road principles, detailed Significant lengths of valley are linear,
18A Tr|butaF:)é ;léﬁ)stream Rouge Toronto Avenue function of strezn;bci?;?dor and aquatic 550 60 characteristic post development flow Neilson tributaries must be properly 2008
Extension in ’ reach. regime while creating a constructed. Hydro towers are located
Toronto dynamically stable form and within the valley corridor.
diverse aquatic habitat.
Staines Road Significant lengths of valley are linear,
Morningside Mon?igdsw de Channel realignment to restore form and Modleol Ca;flter a (Illrgr:t;L%glin;?rmocrmﬂi%?::d
188 Tributary (Middle Rouge Toronto A 9 function of stream corridor and aquatic 600 60 h - Not identified. Neil butari gb ' 2003
Reach) venue habitat characteristic eilson tributaries must be properly
Extension in ’ reach. constructed. Hydro towers are located
Toronto within the valley corridor.
Staines Road Significant lengths of valley are linear,
MOfDmQS'dE al_nd Channel realignment to restore form and Model after a limiting planform co_nflgL_Jratlon.
18C Tributary Rouge Toronto Momingside function of stream corridor and aquatic 500 60 Iocal‘ ) Not identified. (_:onﬂue_nce O.f Morningside and 2003
(Downstream Avenue . characteristic . Neilson tributaries must be properly
L habitat.
Reach) Extension in reach. constructed. Hydro towers are located
Toronto within the valley corridor.
Staines Road Significant lengths of valley are linear,
L and . Model after a limiting planform configuration.
Morningside . Channel realignment to restore form and -
18D Tributary (Neilson Rouge Toronto Morningside function of stream corridor and aquatic 100 8 Iocal‘ . Not identified. C_onﬂue_nce O.f Morningside and 2003
Avenue . characteristic Neilson tributaries must be properly
Reach) g habitat.
Extension in reach. constructed. Hydro towers are located
Toronto within the valley corridor.
19 Exhibition _Creek Rouge Markham No File Provided
Relocation
To improve the health of the river and
McCowan valley system, while addressing flood Design the
Lower Milne Creek Road and and erosion control issues. — R
20 Restoration Rouge Markham Highway 7 in Enhancement of fish habitat also 340 15 channel\ltt?l bea Not identified. Not identified. 2003
P N N Rosgen “C" form.
Markham desired, including removal of barriers
within the reach.
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Project Description
. Project Project Design .
Pr(ﬁ])ect Project Name Watershed Municipality Location Project Objectives Reach Valley Approach/ Design Assumptions Design Constraints Consbt;ttiectlon
Length (m) Width (m) Method
Airport Road Model after a
27 Mimico Creek Mimico Mississauga and Slough Reconstruct an existing stream, narrow 350 45 IocaI_ ] Not identified. Sanitary sewer parallels watercourse; 2003
Realignment Road in the valley, remove fish barrier. characteristic concrete grade control structures.
Mississauga reach.
Rossland Realignment of 26.5 m of creek,
Carruthers North of . ) ’
N . Road west of incorporating riffle pool sequences into — — R
23 RosslangRoad Carruthers Ajax Audley Road design to enhance fish habitat 27 UNK Not identified. Not identified. Not identified. 2003/2004
J in Ajax. Installation of ripairan plantings.
Neilson Road Realignment of the tributary to
and McNichol accommodate development; restoration
24 Neilson Tributary Rouge Toronto Avenue of channel form and function; target 525 30 Not identified. Not identified. Not identified. 2004
Extension in redside dace and central stoneroller
Toronto habitat.
Tennis Canada Design to be a
25 Black Creek Humber Toronto York University | Compensation plan for removal of 80 m 150 UNK Rosgen Type B Not identfied. Not identfied. 2003
Tributary Campus of channel upstream. Channel
Realignment
E Rosegarden Realignment of tributary to
anshore Drive and accommodate development. - I .
26 Watercourse Humber Brampton Goreway Drive Enhancement of channel form and 89 UNK Not identified. Not identified. Not identified. 2003
Alteration ) .
in Brampton function.
gl Il o
27 RTrlbutary Mimico Brampton Road in diversification of aquatic habitat; 140 30 Not identified. Not identified. Not identified. 2003
ealignment Ny :
Brampton prevention of stream bank erosion.
Rouge River
i 16th Avenue
28 T”T:)‘j\g%;gﬁg”e' Rouge Markham and 19th Line Not identified. 105 UNK Not identified. Not identified. Not identified. 2005
Naturalization in Markham
Yonge Street
p and . . .
29 Tranquility Stream Humber Richmond Hill Bloomington Realignment of an intermittent tributary 800 35 Not identified. Not identified. Not identified. 2003
Relocation Road in to accommodate development.
Richmond Hill
To restore the natural channel and
Upper Milne Creek ggggvg:g mitigate existing downstream flooding
30A Restoration (South Rouge Markham Bullock Drive and erosion problems. Stabilization of 320 15 Not identified. Not identified. Not identified. 2005
of Bullock Drive) - banks through bioengineering and
in Markham :
plantings.
To restore the natural channel and
Upper Milne Creek ggggvg:g mitigate existing downstream flooding
30B Restoration (North of Rouge Markham Bullock Drive and erosion problems. Stabilization of 200 25 Not identified. Not identified. Not identified. 2005
Bullock Drive) - banks through bioengineering and
in Markham :
plantings.
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Table B2: Project Bankfull, Riffle/Pool and Planform Design Parameters

Bankfull Design Parameters Riffle / Pool Design Parameters Planform Design Parameters
Avg. Avg.
Bf Avg. Bf Avg. Bf Avg. " Pool Meander
Project ID Project Name Discharge Width Depth Riffle ggﬂti Riffle Substrate Size \;%(:L /[-)\Zgihpz)n(:; Substrate Wavelength Amplitude (m) Msar&?ﬁ r(r:)e L
(cms) m) (m) Width (m) (rﬁ) ) P Size Range (m)
2 Little Etobicoke Creek Restoration - No File Provided
Applewood Park
3 Fonthill Channel Restoration UNK ‘ 250 | 0.70 ‘ 3.00 | 0.34 ‘ UNK ‘ 200 ‘ 0.95 ‘ mr;?stzl:/izls ‘ straight channel
Highland Creek Malvern Branch ' .
4 Bank Restoration No File Provided
Highland Creek Rehabilitation
5 Study - Natural Channel Design 250 8.00 0.80 8.00 0.80 UNK UNK UNK UNK 80 UNK 201030
6 ;‘r‘:)'jeego“ge River Restoration UNK 120 UNK UNK UNK UNK UNK UNK UNK u 20 6
8 Berczy Village Burdenet Creek 330 2.80 030 220 UNK pea gravel to 200 mm UNK 0.40 UNK 30 80 20
Channel Lowering
New Westminster Creek Natural . native
9 Channel Design 0.60 3.50 0.29 2.50 0.50 native materials 3.00 0.80 materials 351049 220 30
10 Wismer Commons Robinson Creek UNK 1.00 0.35 1.00 0.35 UNK 5,00 0.70 50 to 150 mm 23 9.0 10
Lowering
Miller Creek Realignment and
11A Natural Channel Design (Reach 6) 240 5.50 0.30 5.70 0.24 2t020 mm 5.48 0.41 Natural 36t0 62 18.0 411063
Miller Creek Realignment and Native
11B Natural Channel Design (Reach 1- 3.25 6.00 0.40 711 0.27 3t030 mm 6.53 0.44 materials 4410 76 220 50 to 59
2)
Block 32 Don River Tributary o ' 0N . -
12A Channel Realignment (Upstream 0.46 180 035 1.00 Uk | 107 450-600 mm; 20% 100-200 mim; 30% 50 100 055 Native 35 130 15
N 75 mm; 30% 10-20 mm; 10% 5-10 mm materials
from Highway 400)
Block 32 Don River Tributary
N 10% 450-600 mm; 20% 100-200 mm; 30% 50- Native
128 Chann_el Realignment (Downstream 0.86 2.00 0.50 UNK UNK 75 mm: 30% 10-20 mm: 10% 5-10 mm 1.00 0.55 materials 35 142 15
from Highway 400)
13 Robinson Creek Naturalization UNK 350 0.60 350 0.30 50% 50-200 mm; 50% coarse sand to 50 mm 400 115 m”;;';’izls 70 250 35
14 German Mills Creek Realignment UNK 3.00 0.50 3.00 0.45 River Run Stone D50 = 150 mm 3.00 0.3-05 m’:?eur‘{zls 20 15 3
Carruthers at Bayly and Shoal .
1 Point Road No File Provided
16 Amberlea Creek Realignment UNK ‘ 3.50 | 0.50 ‘ 4.00 | UNK ‘ 400-600 diameter fieldstone ‘ 4.00 ‘ 0.57-0.64 ‘ 25-225 mm ‘ N/A not sufficient length
17 Holy_Tnnny School Stream No File Provided
Realignment
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Bankfull Design Parameters

Riffle / Pool Design Parameters

Planform Design Parameters

Avg. Avg.
Bf Avg. Bf Avg. Bf Avg. " Pool Meander
Project ID Project Name Discharge Width Depth Riffle ggﬂti Riffle Substrate Size \;%(:L /[-)\Zgihpz)n(:; Substrate Wavelength Amplitude (m) Msar&?ﬁ r(r:)e L
(cms) m) (m) Width (m) P P Size Range (m)
(m) (m)
18A Morningside Tributary (Upstream 2.32 1.80 0.30 5.20 0.37 0.025-0.10; 0.05-0.20; 0.01-0.05 580 0.50 Nafive 25 49 20
Reach) materials
Morningside Tributary (Middle . Native
18B Reach) 332 1.80 0.30 5.20 0.45 0.025-0.10; 0.01-0.05 5.50 0.50 materials 20 6.0 15
Morningside Tributary (Downstream . | Native
18C Reach) 2.32 1.80 0.30 5.30 0.30 0.025-0.10; 0.05-0.20; 0.01-0.05 6.00 0.40 materials 11 2.0 15
18D Mormingside Tributary (Neilson 015 UNK UNK 1.60 0.10 250-350 mm 1.90 0.14 Native 15 30 6
Reach) materials
19 Exhibition Creek Relocation No File Provided
20 Lower Mine Creek Restoration 5.90 400 100 400 0.70 0% coarse sand o 80 mm; 50% 50 mm o 500 100 UNK 105 | 500 | 60
21 Mimico Creek Realignment 2.00 4.00 0.54 4.00 UNK UNK 4.00 UNK UNK straight channel
P _C:j’;i‘hers North of Rossiand Road UNK 500 120 400 020 50 mm to 150 mm 500 120 | S0mmio10 % 50 15
24 Neilson Tributary 273 2.00 0.50 150 0.20 Gravel; median diameter 0.01-0.03 m 1.95 0.30 "':1;2\:‘:‘ 25 11.0 15
Tennis Canada Black Creek sand to 200
25 Tributary Realignment 9.60 9.00 0.25 9.00 0.25 sand to 200 mm 9.00 0.85 mm 45 15.0 35
26 Fanshore Watercourse Alteration 0.41-0.5 3.10 0.40 335 0.30 0.5t03mm 3.25 0.37 nz\‘;[e“:\; 40 13.0 15
27 Mimico Creek Tributary UNK 450 0.40 450 0.50 500 100 mm 2,00 0.60 410mm 30 50 10
Realignment
Rouge River Tributary 1 Channel Native
28 Lowering and Naturalization 0.40 270 UNK 1.90 0.30 2510 100 mm 270 0.40 material 35 7.0 10
29 Tranquility Stream Relocation UNK 170 0.20 No poolfriffle sequence native materials 170 0.20 n?ggiea\ 60 7.0 9
Upper Milne Creek Restoration 50% 100 mm; 30% 50 mm; 10% 25 mm; 20% native X
30A (South o Bullock Drive) 4.23 4.20 0.50 5.00 0.30 10 mm 170 0.20 materia straight channel
Upper Milne Creek Restoration 50% 100 mm; 30% 50 mm; 10% 25 mm; 20% native
308 (North of Bullock Drive) 423 300 060 150 030 <10 mm 300 060 material 3 50 10
Final Report Page B6




A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

Table B3: Project Gradient, Substrate and Other Design Parameters

Gradient Design Parameters Substrate Design Parameters Other Desigh Components
Project Qi I'fl\flf?e ardlie el Bank Treatments / In-stream
) Project Name Gradient 5 Pool Amplitude Substrate Size Substrate Gradation ; - Riparian Plantings Habitat Structures
ID Gradient 5 Bioengineering Structures
(%) %) Gradient (m)
Little Etobicoke Creek
2 Restoration - Applewood No File Provided
Park
5 m both banks; 50% channel
Armourstone and length (10% deciduous tree cover;
il il - 0/ i o 0/
3 Fonthil Channel 3.00 UNK UNK 0.3 300 mm (weir), 25-150 UNK bioengineering, vegetated 20% conlferpus tree cover; 30% Unknown V°F‘ex
Restoration mm (vortex weir) tip ral shrub cover; 40% herbaceous weirs.
P rap. cover) - remainder of riparian area
already vegetated.
Highland Creek Malvern )
4 Branch Bank Restoration No File Provided
Removal of gabions Rock
3 0/
Highland Creek Armourstone, brush fe?mn:hbggﬂ/boa;hkrz’bggoe ecrh_amnel and weirs; plunge vortex
5 Rehabilitation Study - UNK UNK UNK UNK UNK UNK mattresses, live fascines, €ng . ; pools; aquatic cascades;
) - livestakes; 10% deciduous tree >
Natural Channel Design live stakes. cover: 10% coniferous tree cover) plantings in vortex
! ! floodplain. weirs.
. . 300-1000 mm field stone o .
6 Little Rouge River UNK UNK UNK UNK boulders (boulder UNK Fascines. 70% of channel length being Unknown Unknown
Restoration Project A reforested on both banks.
crossing)
10 m both banks; 100% channel
Berczy Village Burdenet length (40% deciduous tree Cover, Wet meadows aloni
8 y vag ) 0.25 UNK UNK UNK UNK UNK Fascines. 40% coniferous tree cover; 20 % 9 None
Creek Channel Lowering Ny creek channel.
shrub cover) - with herbaceous
seed mic throughout.
New Westminster Creek low flow channel no pool " ’
9 Natural Channel Design 0.18 0.18 riffle sequence native materials UNK UNK UNK Unknown Unknown
. 0
Wismer Commons Coir biologs; fascines; gn:hbg{g;ag:;aiggf trc:: 225;- Wetland side
10 Robinson Creek 0.04 0.45 UNK 0.35 Sand to 100 mm UNK 9, ! oth (2 . ' channels; root wads; Unknown
Lowerin brush layers. 20% coniferous tree cover; 40% anchored logs
9 shrub cover). 9s.
Miller Creek
Realignment and Natural 2-20 mm; native
11A Channel Design (Reach 0.29 2.50 0.29 UNK materials UNK UNK UNK Unknown Unknown
6)
Miller Creek
118 Realignment and Natural 031 370 0.29 UNK 3-30 mm; native UNK UNK UNK Unknown Unknown
Channel Design (Reach materials
1-2)
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Gradient Design Parameters Substrate Design Parameters Other Desigh Components
Project Qi I'jl\flfglle ardlie el Bank Treatments / In-stream
) Project Name Gradient 5 Pool Amplitude Substrate Size Substrate Gradation ; - Riparian Plantings Habitat Structures
ID Gradient 5 Bioengineering Structures
(%) %) Gradient (m)
Pools and offline
ponds; lunge pool
’ 15 m both banks; 100% channel downstream from
mf:‘t:z 'é?]gmler 400600 diameter 109% 450-600 mm; 20% 100- length (20% deciduous tree cover; | gabion drop Grade
12A Reali n?lnem (Upstream 0.25 0.09 0.04 0.45 fieldstone 200 mm; 30% 50-75 mm; 30% None 10% coniferous tree cover; 10% structure; plunge pool controls
qr P 10-20 mm; 10% 5-10 mm shrub cover; 60% herbaceous below future culvert; ’
from Highway 400) . . i
lowland and upland seed mixes). skid lunkers; cable
stayed trees; gravel
beds.
Block 32 Don River Pgr?!’s;‘anﬂlr?ﬁgneom at
Tributary Channel 10% 450-600 mm; 20% 100- Lowland and upland woody ?uture ’\Af)aterg uzntity Grade
12B Realignment 0.22 UNK 0.06 UNK UNK 200 mm; 30% 50-75 mm; 30% Coir biologs species with pockets of meadow q
i control berm; skid controls.
(Downstream from 10-20 mm; 10% 5-10 mm marsh. .
" lunkers; cable stayed
Highway 400)
trees.
riffle: 50% (50-200 mm . 20+ m both banks; 50% of channel . .
’ 0 point bar: 50% 25-60 mm " ‘ ot h Habitat ponds in
13 Robmspn Creek 144 275 UNK 067 round stone) 50% roundstone 50% 60 - 150 mm Armourstone, live fascines length (existing vegetation present floodplain: anchored Vortex
Naturalization (coarse sand to 50 mm and brush mattresses. elsewhere) - 50% deciduous tree weirs.
round stone . logs.
sandstone) cover; 50% shrub cover.
Bioengineering with rock 10 m both banks; 100% channel
German Mills Creek river run stone D50 = 150 ! length (40% coniferous tree cover;
14 Realignment 2.50 UNK 0.30 05 mm UNK }Zee;:ir:tecnon, brush 10% deciduous tree cover: 40% None None
yering. shrub cover).
Carruthers at Bayly and .
15 Shoal Paint Road No File Provided
Vortex
3 m both banks; 100% of channel ]
16 é?;?r:]ﬁecn;eek 1.68 UNK UNK 0.9 UNK UNK Armourstone and plantings. length (70% shrub cover; 30% None ‘r%?:ll:/ and
9 deciduous tree cover).
ramps.
Holy Trinity School .
17 Stream Realignment No File Provided
Planting of deep rooting
Mormingside Tributa native grasses; high root
18A ; vy 0.67 3.00 0.10 0.21 UNK UNK density plants on outside Grasses. None None
(Upstream Reach) .
meander bends, erosion
control blankets.
Planting of deep rooting
Mormingside Tributa native grasses; high root
188 ming vy 0.18 1.00 0.33 UNK UNK UNK density plants on outside Grasses. None None
(Middle Reach) .
meander bends, erosion
control blankets.
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Gradient Design Parameters Substrate Design Parameters Other Desigh Components
Project Qi I'jl\flf?e ardlie el Bank Treatments / In-stream
) Project Name Gradient 5 Pool Amplitude Substrate Size Substrate Gradation ; - Riparian Plantings Habitat Structures
ID Gradient 5 Bioengineering Structures
(%) %) Gradient (m)
Planting of deep rooting
_— . native grasses; high root
18C XD%r:vwgt?éi?nnggﬁ)y 0.08 0.50 UNK UNK UNK UNK density plants on outside Grasses. None None
meander bends, erosion
control blankets.
Planting of deep rooting
_— . g . native grasses; high root
18D mﬂ?slgﬂsg:am? utary 0.90 2.00 UNK 0.2 ﬁqseg:;?a?smm’ native UNK density plants on outside Grasses. None None
meander bends, erosion
control blankets.
19 Exhibition Creek No File Provided
Relocation
Point bars: 50% 100-200 mm Armourstone, brush layers; 5 m both banks; 100% channel
; o E(). ) j % deci .
20 Lower Milne Creek 100 0.02 0.01 0405 | 64mmior2yearevent | 'ound 50%50-100mmround. | o odecce ascings; | \endth (L0% deciduous ree cover, | -y 0y Vortex
Restoration B channel section 50% 50-200 live stakes: crib walls 10% coniferous tree cover; 40% Weirs.
mm, 50% coarse sand. ! : shrub cover; 40% seed mixture).
. 0
Rie: 35% 400 mm, 25%150- engh (1% o e cover
- gy ;
21 Mimico Creek 1.00 UNK 0.00 0.46 25 mm to 400 mm 300 mm, 15% 75-200 mm, Live stakes. 10% coniferous tree cover; 30% None Rocky
Realignment 20% 50-125 mm, 5% 25-75 . ramps.
mm shrub cover; 50% herbaceous
seed mix).
poolfiffe: 50 mm to 150 3 m both banks; 100% channel
Carruthers North of : Vegetated 600 mm rock length (50% shrub cover; 25%
2 Rossland Road - Ajax 1.00 0.30 UNK 0.08 mm r\ver_stone/ pea UNK protection. deciduous tree cover; 25% None None
gravel mix .
coniferous tree cover)
3 0/
Gravel; median diameter pools: 5% less than 5 mm. lle?]é"mbggﬁag ekcsldilggftrc eh 5 225;,
24 Neilson Tributary 0.94 1.50 UNK UNK 0.01-0.03 m; native Riffle crest: 300 mm, 150 mm, Live stakes. 20% coniferous tree cover: 30% None None
materials 100 mm, 5 mm.
shrub cover).
Tennis Canada Black 0ols 5%; riffle crest 300 mm
25 Creek Tributary 0.30 4.50 1.40 0.02 0.1to 300 mm ?50 " ’ Vegetated rip rap None Rootwads None
mm, 100 mm, 5 mm
Realignment
10 m both banks; 100% channel
o deci .
2% Fanshore Watercourse 020 025 020 01 Riffle: 0.03-005 m rffle: 0-1° (5096), 1-2" (50%) None length (50% deciduous tree cover, | oo None
Alteration 10% coniferous tree cover; 40%
shrub cover).
10 m both banks; 100% channel
Mimico Creek Tributar length (50% deciduous tree cover; Vortex
27 y 0.75 1.00 UNK 0.20 cobble/gravel UNK Living revetments. 10% coniferous tree cover; 40% None .
Realignment i weirs.
shrub cover) - grass seed mix
throughout riparian area.
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Gradient Design Parameters Substrate Design Parameters Other Desigh Components
Project Qi I'fl\flf?e ardlie el Bank Treatments / In-stream
“]) Project Name Gradient Gradient Pool Amplitude Substrate Size Substrate Gradation e Riparian Plantings Habitat Structures o v m—
(%) ) Gradient (m) 9 9
fiverstone 300 mm 2 m both banks; 100% channel
Y ; .
Rouge River Tributary 1 diameter at confluence, Brush mattresses; Ile(;gﬂﬂgéigﬁoﬁcﬁ:ﬁéz\:ﬁég&fr’ Vortex
28 Channel Lowering and 0.50 1.00 0.05 0.185 riverstone 25-100 UNK vegetated riverstone; live shrub cover) - also scat eréd None weirs.
Naturalization w:irrnseter d/s of vortec stakes and erosion mats. plantings within 10 m of channel,
among MTO seed mixture.
10 m both banks; 100% channel Live shade tripods;
Tranquility Stream . . . . - length (50% deciduous tree cover; X -
29 Relocation 0.26 No riffle/pool sequence native material N/A Willow bundles; fascines. 10% confferous tree cover: 40% hsgllfgs,ﬂoodplam Unknown
shrub cover). pooss.
9 0/
Upper Milne Creek 50% <300 mm; 50% 300-600 Armourstone, brush ﬁ_}?\ n:hbgguz ag:;aigﬂ?;:,a;ﬁfg% xg::gx
30A Restoration (South of 1.00 4.50 UNK 0.2 50-600 mm stone. mm (rocky ramps = 80% >300 layering; live stakes; brush congiferous tree cover: 25% sﬁrub None rocky‘ ramp
; e A :
Bullock Drive) mm; 20% <50 mm) mattresses, live fascines. cover; 15% wetland plants). cascades.
. 0/
Upper Milne Creek 50% <300 mm; 50% 300-600 Brush layering; live stakes; i%gﬁgggﬂf&ég&ﬁi:‘:;zsber, Aquatic plantings:
i - =809 i ) 3
30B Ssi;%ﬁigciir:/g\lonh of 1.00 1.00 UNK 03 50-600 mm stone. mm(gc;oi/l;y<?g1rz?n) 80% >300 ?;gcsil:]err;amesses, live 10% confferous tree cover: 40% wetland cells. None
! | shrub cover).
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

02. Little Etobicoke Creek

Location and Access
Near Burnhamthorpe Rd. and Dixie Rd. in Mississauga

. Burnhamt’ﬁorpé Rd y
3 Dixie Rd.

Site ﬁocation

Channel Design Rationale
No file provided.

Pre-construction Site Conditions
No file provided.

Existing Site Conditions

The channel flows through a residential area and park setting with a generally narrow floodplain.
Riparian vegetation consists of grasses, shrubs and trees. The channel is sinuous with a low
gradient.

Design Parameters

Bankfull Width (m) Bankfull Depth (m) Design

Design Feature Gradient (%)

Design Existing Design Existing
Channel average n/a 5.0 n/a 0.5 N/a
Riffle n/a 3.0-5.0 n/a 0.02-0.30 n/a
Pool n/a 4.0-5.0 n/a 0.4-0.9 n/a
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Design Components

Design Component Key Elements

Existing Condition

Instream Features Vortex weirs

Bank Treatment

Riparian Zone Unknown

Vegetated rip rap, root wads

Vortex weirs are in good
condition; some outflanking
observed; two vortex weirs are
set below low flow surface
elevation

Appear to be functioning as
intended. Some banks show
evidence of erosion including
areas with root wad treatments

Established and growing

Rapid Assessment Results

Type of Assessment  Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) 12.0 Good Minor structural failure to root wads and
riffles
Bioengineering and 7.6 Good Riparian plantings in good condition
Habitat
RGA 0.25 In Transition Degradation; widening
Photographs

View of channel looking upstream. Note: vegetated rip rap (right bank) and root wad
placement.
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Available Documentation

No available documentation
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03. Fonthill Channel

Location and Access
Highway 7 and Main Street in Markham

Krieghoff Ave. gITTUEDY
_Hwy. 7-East

- "'\"-INard"(jen Ave. i

Srle # 3 Fonthill Channel ReStoffi_'Eién-------"""'""

~ Site Locatioﬁ’-
Channel Design Rationale
Not identified.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions

The channel flows through a residential area and the riparian area is vegetated with short
grasses, shrubs and both deciduous and coniferous trees.

The channel is generally straight.

Design Parameters

; Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 2.5 2.5 0.7 0.5 0.3
Riffle 3.0 2.0-2.5 0.34 0.05-0.15 n/a
Pool 2.0 25 0.95 0.4-0.7 n/a
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Design Components

Design . -
Component Key Elements Existing Condition
Instream Riffle-pool sequences Riffle-pool sequences observed in field;
Features some outflanking observed, materials

Bank Treatment

Riparian Zone

Armourstone and
bioengineering, vegetated rip
rap.

5 m both banks; 50% channel
length (10% deciduous tree
cover; 20% coniferous tree
cover; 30% shrub cover; 40%
herbaceous cover) - remainder
of riparian area already
vegetated.

appear to be too small

All observed and appear to be functioning
as intended.

Established and growing

Rapid Assessment Results

Type of Assessment Score Condition

Type of Adjustment / Limiting Factors

RSAT (modified)

Bioengineering and
Habitat

RGA

N/A N/A
7.0 Good
0.33 In Transition

No bioengineering component

Narrow planted buffer width

Degradation; widening
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Photographs

View of channel looking downstream. Note: vegetated rip rap (left bank) and rip rap and
residential lawn (right bank).

Available Documentation

Culvert replacement Channel Profile, The Corporation of the Town of Markham Engineering
Department — Drawing No. C1. Prepared by Madongsong — Atkari Engineering Limited.,
October 1996.

Culvert replacement Channel Profile, The Corporation of the Town of Markham Engineering
Department — Drawing No. C3. Prepared by Madongsong — Atkari Engineering Limited.,
October 1996.

Culvert replacement Channel Profile, The Corporation of the Town of Markham Engineering
Department — Drawing No. C4. Prepared by Madongsong — Atkari Engineering Limited.,
October 1996.

Culvert replacement Channel Profile, The Corporation of the Town of Markham Engineering
Department — Drawing No. C5. Prepared by Madongsong — Atkari Engineering Limited.,
October 1996.

Culvert replacement Channel Profile, The Corporation of the Town of Markham Engineering
Department — Drawing No. C6. Prepared by Madongsong — Atkari Engineering Limited.,
October 1996.

Culvert replacement, Fred Valley Dr., Markham, Ont, Landscape Planting Plan: The Corporation
of the Town of Markham Engineering Department — Drawing No. L1. Prepared by
Madongsong — Atkari Engineering Limited., July 30 1996.

Culvert replacement, Fonthill Blvd, Markham, Ont, Landscape Planting Plan: The Corporation of
the Town of Markham Engineering Department — Drawing No. L2. Prepared by
Madongsong — Atkari Engineering Limited., July 30 1996.
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Culvert replacement, Rycroft Drive & Stream, Markham, Ont, Landscape Planting Plan: The
Corporation of the Town of Markham Engineering Department — Drawing No. L3.
Prepared by Madongsong — Atkari Engineering Limited., July 30 1996.
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05. Highland Creek

Location and Access

The upstream and downstream limits of the channel design are Highway 401 and Markham
Road, respectively. The channel may be accessed from any of the crossings — Corporate Drive,
Progress Avenue, Bellamy Road N.
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Site Location

Channel Design Rationale
The project was initiated in order to renaturalize the corridor thus improving the natural integrity of
the channel and enhancing its recreational and aesthetic values.

Pre-construction Site Conditions

Highland Creek was channelized during the 1960s, producing a straight channel with manicured
valley slopes and a mix of hard bank treatments such as gabion baskets and armour stone. The
resulting increase in channel gradient, in combination with the increase in runoff associated with
development, encouraged bed and bank erosion.

Existing Site Conditions

With the exception of the reach between Highway 401 and Corporate Drive the channel is
moderately sinuous. The channel design contains vortex weirs and flow deflectors. Most vortex
weirs are functioning as intended; however, a few are submerged below the water surface, buried
by transported material, or have been removed during high flows. With regard to direct bank
protection, cribwalls have been installed downstream of Bellamy Road.

The reach between Highway 401 and Corporate Drive is generally straight with limited floodplain
access. Downstream between Progress Avenue and Bellamy Road, the channel exhibits
evidence of adjustment as a meander cutoff has created an island. The reach upstream of
Markham Road with armour stone protection along the banks was not part of the channel design.
Channel instability tends to increase in the downstream direction as the extent of bank erosion
and till exposure increase.

The riparian area is vegetated with short grasses, shrubs and both deciduous and coniferous
trees.
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Design Parameters

‘ Bankfull Width (m) Bankfull Depth (m) Design
D Feat : s : == .
esign reature Design Existing Design Existing Gradient (%)

Channel average n/a n/a n/a n/a 0.54

Riffle 9.5 4-6 0.8 0.1-0.2 n/a
(max)

Pool 12.0 5-7 2.4 0.4-1.0 n/a
(max)

Design Components
Design Component  Key Elements Existing Condition
Instream Features Rock vortex weirs Most are functioning as intended;

few are below water surface,
buried by transported substrate or
have failed

Flow deflectors Generally performing as intended
and reducing localized erosion

Bank Treatment Cribwalls Generally performing as intended;
all are intact; limited erosion
behind cribwall structure

Live Fascine Not observed in field; vegetation
likely established

Brush mattress Not observed in field; vegetation
likely established

Riparian Zone Ponds Generally in good condition and
providing water retention function

Tree and shrub plantings Established and growing

Seed mix Established

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors

RSAT (modified) 18.5 Fair Channel instability, scouring; riparian habitat
Bioengineering and 115 Good None

Habitat

RGA 0.37 In Transition  Degradation; widening
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Photographs

Highland Creek viewed upstream toward Bellamy Road.

One of several cribwalls installed between Bellamy Road and Markham Road.
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Available Documentation

Highland Creek Rehabilitation Study, Markham Branch. Prepared by Cumming Cockburn
Limited, November 1995.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Existing Condition and Demolition — Reach 1, Drawing No. L1.

Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Existing Condition and Demolition — Reach 2, Drawing No. L2.

Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Existing Condition and Demolition — Reach 3, Drawing No. L3.

Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Existing Condition and Demolition — Reach 4, Drawing No. L4.

Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Existing Condition and Demolition — Reach 5, Drawing No. L5.

Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Existing Condition and Demolition — Reach 6, Drawing No. L6.

Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Existing Condition and Demolition — Reach 7, Drawing No. L7.

Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Grading and Layout Plan — Reach 1, Drawing No. L8. Prepared
by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Grading and Layout Plan — Reach 2, Drawing No. L9. Prepared
by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.
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Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Grading and Layout Plan — Reach 3, Drawing No. L10. Prepared
by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Grading and Layout Plan — Reach 4, Drawing No. L11. Prepared
by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Grading and Layout Plan — Reach 5, Drawing No. L12. Prepared
by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Grading and Layout Plan — Reach 6, Drawing No. L13. Prepared
by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Grading and Layout Plan — Reach 7, Drawing No. L14. Prepared
by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water Regime
Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Planting, Bioengineering & Features Plan — Reach 1, Drawing No.
L15. Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water
Regime Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Planting, Bioengineering & Features Plan — Reach 2, Drawing No.
L16. Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water
Regime Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Planting, Bioengineering & Features Plan — Reach 3, Drawing No.
L17. Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water
Regime Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Planting, Bioengineering & Features Plan — Reach 4, Drawing No.
L18. Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water
Regime Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Planting, Bioengineering & Features Plan — Reach 5, Drawing No.
L19. Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water
Regime Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Planting, Bioengineering & Features Plan — Reach 6, Drawing No.
L20. Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water
Regime Investigations and Simulations Ltd., February 28, 1997.
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Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Planting, Bioengineering & Features Plan — Reach 7, Drawing No.
L21. Prepared by Harrington and Hoyle Ltd., Totten Sims Hubicki Associates, and Water
Regime Investigations and Simulations Ltd., February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Details, Drawing No. L22. Prepared by Harrington and Hoyle Ltd.,
Totten Sims Hubicki Associates, and Water Regime Investigations and Simulations Ltd.,
February 28, 1997.

Proposed Creek Rehabilitation, Highland Creek, From Markham Rd. (at Progress) to Hwy. 401
(at Progress Avenue): Details, Drawing No. L23 Prepared by Harrington and Hoyle Ltd.,
Totten Sims Hubicki Associates, and Water Regime Investigations and Simulations Ltd.,
February 28, 1997.
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06. Little Rouge Restoration Project

Location and Access
5726 19th Avenue in Markham

_ve.

Site # 6 'ulemitRestorati I

Site Location
Channel Design Rationale
A ‘natural’ channel design was constructed in order to take an online pond off-line.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions

The channel flows through a residential property along a fairly large pond. The channel banks
are relatively steep and consist primarily of shrubs and grasses. The channel is generally
straight.

Design Parameters

' Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 1.2 1.5-2.0 n/a 0.3 n/a
Riffle n/a 1.0-15 n/a 0.05-0.20 n/a
Pool n/a 1.0-1.5 n/a 0.2-04 n/a
Design Components
Desigh Component Key Elements Existing Condition
Instream Features none N/A
Bank Treatment Fascines Appear to be functioning as
intended.

Riparian Zone 70% of channel length being Established and growing

reforested on both banks.
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Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) N/A N/A No bioengineering component
Bioengineering and 7.3 Good Narrow planted buffer width
Habitat
RGA 0.29 In Transition Widening

Photographs

View of riparian plantings.
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Available Documentation
Letter Correspondence, to Mary Asselstine, From Nigel, regarding 5726 19" Avenue, Markham.
August 8, 1996

Proposed Bypass Channel, 5726 19" Avenue: Curcio Property — Drawing No. L1 (2 Copies).
Prepared by Totten Sims Hubicki Associates., August 6, 1998

Proposed Bypass Channel, 5726 19" Avenue: Curcio Property — Drawing No. L2 (2 Copies).
Prepared by Totten Sims Hubicki Associates., August 6, 1998

Subsurface Investigation Pond Berm, 5726 19" Avenue: Part of Lot 31, Concession VII Markham
Prepared by Terraprobe, June 3, 1998.
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08. Burndenet Creek

Location and Access

The channel design extends in a southerly direction from Bur Oak Avenue to south of Murison
Avenue in the Town of Markham. The channel may be accessed from these two streets as well
as along any portion of the channel via Glenbrook Drive or Holly Lane.

B Ridgecrast Ad IBLC.
‘SL - T Je (TowerBnogeCn / | Dr E i95i

r
\smfom Courtfield/Cr
<hire La Bertram Eamshaw Dr

£ Lancelot <

Sarum Cr

ELa St 3 L
& =D _1Z =Ring Ht'm-y & Brentciiffe | Gt
& Saxony & Dr @ ; g I\ @ Futham Gt
-bridge n% & Wﬂ[;h'-e 2 %_ &
o e
Ma,iesﬂcg Dr = 3 g ;(? !aﬁa 5
£ Casllemore™  # 5, & ol |3VIBR ayesbury Gt
Elmrill FE Elmyill Bd Glenhaven ‘S_F_'T_‘Cand'.enrook
? ¢ wrl
Weatherill B!, Weatherill fd 5 BrookhavenCr S G \Folnmehlll
o =85% 51— Hitrgod—Si 2 5%
¥ - q, aetar r = Sm e
Cynthia Jean%', St 5| Wesihesterc ' 5 % gF 1
3 = Ol &
Thomag —# 5| Gabla g\\ip 24 EWaren Bradey SL 3 E & 55 9
Foster St H = @ £ o 8
oiiady] Q& %\S. s v 36?" =
i nters' S 2 (e E s gg o = T
= Qak  Av mer %a_: =\ D g 93 |9 & Har;.\.wd ==
2 =% s 2Z\Z\e IPHEE 23 e =
£ frateon |5 §§ 19 faGiband 5\3 O & S By T H
i (Heghis & [€ 2 2 7 BS ™ o8 215 0 B3l b Civeden {67 ]
7 I o SR 3 c_nHad'-son% Haights B % {Th T
J_I7 S T r ¥ as Jovar Ay
. » = ?a‘ Bales Dr JGsfﬂhG
/ 2\ Witlred Mugson 4;‘2" oy j_ooq?!
i kg o s Hd
AAEEE
21 8 g
G = 8
t Hollylane & 7. by 5‘2
Ridge nsh | Ros
o s 1ags
0 2 Briar -S’Dath; =
= 2 pay E
33 @ o LE e
A Bridiefield |2 FpytyE 2
. th Av «
[ L nawWo A PO 7] = 2l

Site Location
Channel Design Rationale
The channel was lowered to provide an outlet for the upstream stormwater management pond.
The channel design was based on an E6 type channel from Rosgen’s classification system, in
addition to channel geometry equations by Leopold and Wolman.

Pre-construction Site Conditions

Based on photographs of the channel prior to construction, Burndenet Creek was situated in a
grass and wetland vegetation dominated area. Flow appeared to be unconfined to a defined
channel in many areas. The channel also appeared to have a low width-to-depth ratio and had
encroachment by grasses and wetland species.

Existing Site Conditions
The riparian area is vegetated with short grasses, shrubs and both deciduous and coniferous
trees. Areas adjacent to the channel are well vegetated with shrubs and trees.

The channel is moderately sinuous with three online wet meadow features. Both the channel and
ponds are largely vegetated with cattails, which reduce flow velocities and contribute to the
smooth surface flow. The channel bed was designed to be comprised of silt, which has been
maintained. Furthermore, the bed morphology was designed to be variable about the average
geometry without specifications for riffle or pool geometries. There was, however, little bed
variability between riffle and pool sections. Bank erosion was frequently observed, particularly
along the outside bank at bends.
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Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 2.8 n/a 0.3 n/a 0.25
Riffle n/a 2.0 n/a 0.1 n/a
Pool n/a 2.0-2.2 n/a 0.2-0.3 n/a

Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Riffle-pool sequences

Live fascine along outer banks of
bends

100-200 mm rocks along outer
banks with larger stones at base

Tree and shrub plantings

Seed mix

Riffle-pool sequences observed
in field; limited variability with
regard to substrate; vegetation
establishment in channel

Not observed in field; frequent
outer bank erosion and slumping

Not observed in field; frequent
outer bank erosion and slumping

Established and growing

Mainly short grasses established

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors

RSAT (modified) 155 Fair Sediment deposition; bank erosion; instream
habitat

Bioengineering and 5 Fair Limited variability between riffles and pools

Habitat

RGA 0.31 In Transition  Widening
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Photographs

Typical stream section.
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Available Documentation

Burndenet Creek Channel Design Brief. Prepared by Cosburn Patterson Mather, February 1999.

Burndenet Creek Channel Lowering, From Station 0+100 to 0+400, Drawing No. 401. Prepared
by Cosburn Patterson Mather, February 1999.

Burndenet Creek Channel Lowering, From Station 0+400 to 0+700, Drawing No. 402. Prepared
by Cosburn Patterson Mather, February 1999.

Burndenet Creek Channel Lowering, From Station 0+700 to 0+900, Drawing No. 403. Prepared
by Cosburn Patterson Mather, February 1999.

Burndenet Creek Channel Lowering, Details, Drawing No. 404. Prepared by Cosburn Patterson
Mather, February 1999.

Burndenet Creek Rehabilitation Planting Plan, Drawing No. RP1. Prepared by Cosburn Giberson
Landscape Architects, October 13, 1998.
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09. New Westminster Creek

Location and Access
The channel design extends in a southeasterly direction along Derrywood Road, from which the

site may be accessed.
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Channel Design Rationale
Westminster Creek was designed as part of the construction of a stormwater management

facility. The channel was generally modelled using a C-type channel as defined under the
Rosgen classification system. Further, the channel is located immediately upstream of a
stormwater management facility and is designed with consideration of regular flooding.

Pre-construction Site Conditions
Not available.

Existing Site Conditions
At the upstream end of the channel design is a ~4 m drop structure constructed of armour stone.

The channel below is situated at the bottom of a basin to accommodate flooding. The riparian
zone is well vegetated with grasses, shrubs and both deciduous and coniferous trees.

The channel itself is moderately sinuous and has a low gradient. The entire length of channel is
vegetated with cattails. This, in part, reduces flow velocities and promotes sedimentation. As
such, the channel bed is comprised of unconsolidated silt and exhibits limited morphological

variability.
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Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 3.5 2.0-3.0 0.29 0.2-0.3 0.176
Riffle 2.7 n/a 0.26 n/a n/a
(average)
Pool 4.3 n/a 0.33 n/a n/a
(average)

Design Components

Design Component Key Elements

Existing Condition

Instream Features None*

Bank Treatment None*

Riparian Zone Trees and shrubs

Seeding

Channel colonized by cattails

Generally stable banks; likely
due to retarded flow velocities

Established and growing

Extensive coverage with short
grasses

* Design components with respect to the creek and its banks were not observed in the field and

not documented in the available package.

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) 24.5 Good Sediment deposition, instream habitat
Bioengineering and n/a n/a No bioengineering or riffle-pool sequences
Habitat observed

RGA 0.179 In Regime Aggradation

Final Report

Page C22



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

Photographs

Meandering channel viewed downstream. Note the establishment of vegetation within the
channel.

Typical instream section with vegetation.
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Available Documentation

Stormwater Management Facilities Implementation Design Report: Dufferin Hill, Block 17 — OPA
400, City of Vaughn, Regional Municipality of York. Prepared by Rand Engineering
Corporation, April 1999.

Dufferin Hill — Block 17, External Servicing Works, Block 17 Properties: General Plan, Sheet No.
1. Prepared by Rand Engineering Corporation, September 1998.

Dufferin Hill — Block 17, External Servicing Works, Block 17 Properties: Grading Plan, Stormwater
Management Facilities, Sheet No. 2. Prepared by Rand Engineering Corporation,
September 1998.

Dufferin Hill — Block 17, External Servicing Works, Block 17 Properties: Grading Plan, Stormwater
Management Facilities, Sheet No. 3. Prepared by Rand Engineering Corporation,
September 1998.

Dufferin Hill — Block 17, External Servicing Works, Block 17 Properties: Sections, Stormwater
Management Facilities, Sheet No. 18. Prepared by Rand Engineering Corporation,
September 1998.

Dufferin Hill — Block 17, External Servicing Works, Block 17 Properties: Details, Armour Stone
Drop Structure, Sheet No. 22. Prepared by Rand Engineering Corporation, September
1998.

Note: Additional drawings with regard to the stormwater management facility are available as part
of the package.
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10. East Robinson Creek (Wismer Commons)

Location and Access

The designed channel of Robinson Creek flows in southerly direction from Bur Oak Drive to
Edward Jeffreys Avenue in Markham. The site can be accessed from either street, or from any
point along Golden Meadow Drive or Raspberry Ridge Drive.
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Channel Design Rationale
The channel was lowered to enhance stormwater servicing and maximize valleylands within the
area.

Pre-construction Site Conditions

The corridor was primarily vegetated with shrub willows and deciduous trees. The channel was
widening into the banks and valley slope causing trees to fall. Furthermore, it was downcutting
into till or surficial material (sand and gravel). Bankfull width and depth were “indeterminate”,
while wetted width was 2.25 m and water depth was 0.2 m. Bankfull gradient was 1.14%.

Existing Site Conditions

The channel can be divided into two reaches based on channel morphology. The channel in the
upstream reach (upstream of walkway/culvert) has well formed riffle-pool sequences, and is
generally stable due to bioengineering. Most riffle sections are vegetated with cattails. The
corridor is well vegetated primarily with dense, tall grasses, which provide channel cover.
Wetland features were installed and have maintained their form.

Downstream of the walkway, the channel morphology changes as all riffles are exposed and thus
present fish passage issues. The first three upstream riffles are particularly significant as they
are constructed with small boulders above bankfull level. As with the upstream reach, the
riparian area is well vegetated.
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Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average n/a n/a n/a n/a 0.75
Riffle 1.0 15 0.35(max) 0.2 (max) n/a
Pool 5.0 2.5 0.70 (max) 0.5 (max) n/a

Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Riffle-pool sequences

Coir logs (outside banks at bends)
Brush mattresses (outside banks
at bends)

Seed mixes

Tree plantings

Riffles and pools in place as
designed; vegetation growth in
riffle sections; riffles
downstream of walkway
exposed (in contrast to
upstream) during low flow
conditions

All are intact and providing
protection as intended

Shrubs growing on most
outside bends

Well established with dense
grasses

Established and growing

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) 30.5 Good Instream habitat

Bioengineering and 10 Good Channel morphology (emergent riffles in
Habitat downstream reach)

RGA 0.097 In regime Minor aggradation; minor planform

adjustment in downstream reach
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Photographs

45 %

Pool with coir log along outside bank for stabilization. Note the dense grass in the
riparian area.

Riffle section with vegetation encroachment.
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Available Documentation

Fish Habitat Evaluation: East Robinson Creek, Wismer Commons. Prepared by Michael
Michalski Associates, January 1997.

Wismer Commons, Town of Markham: Stormwater Management, East Robinson Creek, Bio-
engineering Plan, Drawing No. C1-B. Prepared by NAK Design Group, June 1999.

Wismer Commons, Town of Markham: Stormwater Management, East Robinson Creek, Planting
Plan, Drawing No. C1-A. Prepared by NAK Design Group, June 1999.

Wismer Commons, Town of Markham: Stormwater Management, East Robinson Creek, Staging
Plan, Drawing No. C1-C. Prepared by NAK Design Group, June 1999.

Wismer Commons, Town of Markham: Construction Details, Drawing No. D2. Prepared by NAK
Design Group, June 1999.

Wismer Commons: S.W.M. Pond #1, Outfall at Channel, Drawing No. TSWM-14. Prepared by
Schaeffers Consulting Engineers, April 21, 1999.

Wismer Commons: Plan and Profile, Stream Channel Layout, Sta. 0+000 to Sta. 0+225.770,
Drawing No. TSWM-17. Prepared by Schaeffers Consulting Engineers, April 1999.

Wismer Commons: Plan and Profile, Stream Channel Layout, Sta. 0+225.770 to Sta. 0+513.451,
Drawing No. TSWM-18. Prepared by Schaeffers Consulting Engineers, December 1999.

Wismer Commons: Plan and Profile, Stream Channel Layout, Sta. 0+513.451 to Sta. 0+625.000,
Drawing No. TSWM-19. Prepared by Schaeffers Consulting Engineers, April 1999.

Wismer Commons: East Stream Channel, Cross-sections 1 to 4, Drawing No. TSWM-20.
Prepared by Schaeffers Consulting Engineers, April 1999.

Wismer Commons: East Stream Channel, Cross-sections 5 to 8, Drawing No. TSWM-21.
Prepared by Schaeffers Consulting Engineers, April 1999.

Wismer Commons: East Stream Channel, Cross-sections 9 to 11 and Typical Pool & Riffle Detail,
Drawing No. TSWM-22. Prepared by Schaeffers Consulting Engineers, April 1999.

Wismer Commons: East Stream Channel, Cross-sections 12 to 14, Drawing No. TSWM-23.
Prepared by Schaeffers Consulting Engineers, April 1999.

Wismer Commons: East Stream Channel, Cross-sections 15 to 18, Drawing No. TSWM-24.
Prepared by Schaeffers Consulting Engineers, April 1999.

Wismer Commons: East Stream Channel, Cross-sections 19 to 21, Drawing No. TSWM-25.
Prepared by Schaeffers Consulting Engineers, April 1999.

Wismer Commons: Detail of 4.88mx1.52m Con-Span Culvert Crossing Edward Jeffreys Avenue
(East Channel), Drawing No. TSWM-26. Prepared by Schaeffers Consulting Engineers,
May 1999.

Note: Additional documentation with regard to S.W.M. facility pond and West Robinson Creek
available with package.
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11. Miller Creek

Location and Access
Taunton Road and Westney Road in Ajax.

gﬁ@ Realignment
\ 3

Site Location
Channel Design Rationale

Re-creation of a meandering stream form with riffle-pool sequences. Reconnect the floodplain.
Mitigation of a barrier to fish passage. Valley corridor improvement through plantings.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions
The channel flows through a wide floodplain bordered by residential property. The channel is
sinuous with a generally low gradient. Riparian vegetation is predominantly grasses.

Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
D n Featur : = - — .
esign reature Design Existing Design Existing Gradient (%)

Channel average 5.5-6.0 3.5-4.0 0.3-04 0.4 n/a

Riffle 5.70-7.11 2.0-2.5 0.24-0.27 0.05-0.15 n/a

Pool 5.48-6.53 5.0-6.0 0.41-0.44 0.2-0.6 n/a

Design Components

Design Component Key Elements Existing Condition

Instream Features Riffles Vegetation encroachment into riffles

Bank Treatment Cribwalls Only one instance of some degree
of failure

Riparian Zone Grass seed mix Riparian vegetation in good
condition

Final Report Page C29



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors

RSAT (modified) 11.0 Good Vegetation encroachment

Bioengineering and 8.8 Good Type of vegetation

Habitat

RGA 0.26 In Transition Widening; planimetric adjustment
Photographs

View of channel looking upstream. Note: vegetation encroachment and exposed riffle
materials.
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Available Documentation

Miller Creek Realignment and Natural Channel Design Brief, Development Area A6,
Neighbourhood 2 Lands, Town of Ajax, Prepared by Cosburn Patterson Mather Limited,
February 2000.

Flood Plain Map, Prepared for Runnymede Development Corp., Town of Ajax, Prepared by
Sabourn Kimble & Associates Ltd., June 2004, HEC 2

Lot Grading Plan Area 1 Millward Crescent, Prepared for Rennymede Westney Ltd., Town of Ajax
— Drawing No. 412. Prepared by Sabourn Kimble & Associates Ltd., July 2002

Lot Grading Plan Area 2 Enclave 2B, Prepared for Rennymede Westney Ltd., Town of Ajax, -
Drawing No. 214. Prepared by Sabourn Kimble & Associates Ltd., April 2000

Lot Grading Plan Area 3 Central South, Prepared for Starstoke Developments Inc., Town of Ajax
— Drawing No. 507. Prepared by Sabourn Kimble & Associates Ltd., May 2003

Lot Grading Plan Area 3 Central, Prepared for Starstoke Developments Inc., Town of Ajax —
Drawing No. 508. Prepared by Sabourn Kimble & Associates Ltd., May 2003

Lot Grading Plan Area 3 Central North, Prepared for Starstoke Developments Inc., Town of Ajax
— Drawing No. 509. Prepared by Sabourn Kimble & Associates Ltd., May 2003

Lot Grading Plan Area 3 North, Prepared for Starstoke Developments Inc., Town of Ajax —
Drawing No. 510. Prepared by Sabourn Kimble & Associates Ltd., May 2003

Fax Correspondence: Fisheries Act Authorization, Miller Creek Realignment, Fish Habitat
Management, Fisheries and Oceans Canada; CFN 31250
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12. Don River Tributary

Location and Access
Highway 400 and Major Mackenzie Drive in Vaughan.

|
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Site Location
Channel Design Rationale
.Naturalized valley corridor with low-flow meandering channel.

Pre-construction Site Conditions
Not available.

Existing Site Conditions

The channel flows through a wide floodplain bordered by residential land. The channel is sinuous
with a low gradient. Riparian vegetation is predominantly grasses with some grasses and trees.

Design Parameters

] Bankfull Width (m) Bankfull Depth (m) Design
D F - o : == .

esign Feature Design Existing Design Existing Gradient (%)
Channel average 1.8 3.0 0.35 0.35 0.25
Riffle 1.0 2.0 N/A 0.05 0.09
Pool 1.0 2.5 0.55 0.45 N/A

Design Components

Design Component Key Elements Existing Condition
Instream Features Pools and offline ponds; plunge pool at  Appear to be functioning as

future water quantity control berm; skid  intended
lunkers; cable stayed trees.

Bank Treatment None N/A
Riparian Zone 15 m both banks; 100% channel length  Riparian vegetation in good
(20% deciduous tree cover; 10% condition

coniferous tree cover; 10% shrub cover;
60% herbaceous lowland and upland
seed mixes).
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Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors

RSAT (modified) 6 Fair All riffles emergent and vegetated
(upstream section)

Bioengineering and 6.4 Good Minor patches of erosion associated with
Habitat bioengineering components
RGA 0.29 In Transition  Widening

Photographs

View looking upstream from Highway 400. Note: well established riparian vegetation

View looking upstream from most downstream extent of NCD. Note: wide floodplain,
offline pond features, sinuous channel.
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Available Documentation

Dillon Consulting. OPA 400 — Block 32 (Wes) and Vaughn Centre. Fisheries Compensation Plan
— Overview. Submitted to TRCA — April 13, 1999

Schaeffers Consulting Engineers. Addendum to the Stormwater Management Design Report.
SWM Facilities and Valley Works- Vellore Woods Community (Block 32-West), City of
Vaughn. April 1999.
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13. Robinson Creek

Location and Access
The channel design portion of Robinson Creek is located immediately south of the culvert under
Highway 7 and Old Wellington Road to the west of Markham Road. The site is accessed from

the north end of the channel off of Old Wellington Street, which in a westerly direction from
Markham Road.
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Site Location
Channel Design Rationale
Not available.

Pre-construction Site Conditions
The drawing of the channel prior to construction shows that the channel alignment has not

changed significantly. The pre-existing channel was slightly less sinuous and the second bend
was relatively sharp.

Existing Site Conditions
The construction of 238 m of channel took place in 2000 and 2001. Compared to pre-
construction conditions, the channel corridor exhibits greater variability with respect to channel

alignment and riparian habitat. Vortex weirs were installed to provide grade control in this steep
reach.

Erosion along the outer banks is evident and the material used to harden the bank at the first
bend has been exposed. Till is exposed on the bed from the second bend to the downstream
limit of the channel design. It is also exposed along the base of the bank at the second
increasing to above bankfull level at the third bend. The southeast bank of the generally straight
section of channel between the second and third bends has been eroded and a steep bank
largely comprised of till remains.
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Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 3.50 n/a n/a n/a 1.44
Riffle 3.50 3.0 0.30 (max) 0.2 (max) 2.75
Pool 4.00 3.5 1.15(max) 0.5 (max) n/a

Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Rock vortex weirs comprised of a
single row of ~1 m diameter stones

Brush mattresses along outside
banks of bends

Outer bank of first bend comprised
of a mix of large stones, broken
concrete blocks, cinder blocks and
other miscellaneous materials
Tree plantings

Seeding

Pond (x2) installation

Maintaining form; generally
functioning as designed although
the bed has scoured and till is
exposed downstream of the
second bend; third weir
outflanked on outside of bend;
second last weir outflanked on
both sides

No evidence of brush mattresses

Bank is eroded and materials
have been deposited in the
channel

Immature with protective shield

Very dense, especially 150 m
upstream reach

One offline pond located on the
inside of meander bend; the other
pond located on outside of same
bend but connected to pool below
a stormwater outfall, which drains
into another stormwater outfall
pool and finally into Robinson
Creek at the 4" bend
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Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors

MRSAT 19 Fair Channel stability

Bioengineering and

Habitat

RGA 0.45 In Adjustment  Widening and degradation
Photographs

Downstream view of channel at first bend. Note the erosion of the right bank.
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One of ten rock vortex weirs used for grade control.

Available Documentation

Robinson Creek Natural Channel Design: Existing Conditions and Phasing Plans, Drawing No.
L1. Prepared by Harrington and Hoyle Ltd., July 2000.

Robinson Creek Natural Channel Design: Grading and Layout Plans, Drawing No. L2. Prepared
by Harrington and Hoyle Ltd., July 2000.

Robinson Creek Natural Channel Design: Plan Enlargements and Details, Drawing No. L3.
Prepared by Harrington and Hoyle Ltd., July 2000.

Robinson Creek Natural Channel Design: Planting Plan, Drawing No. L4. Prepared by Harrington
and Hoyle Ltd., July 2000.

Hydraulic Report: Robinson Creek, Markham, Ontario. Prepared by Totten Sims Hubicki
Associates, March 14, 2000.
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14. German Mills Creek

Location and Access

The channel design portion of German Mills is located immediately upstream of Brookside Road,

between Chantily Crescent and Burndean Court, in Richmond Hill.
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Site Location
Channel Design Rationale
Not available.

Pre-construction Site Conditions

Documentation of the channel prior to construction is unavailable. The channel reach upstream
of the design may, however, provide a picture of past channel conditions. The channel here
exhibits evidence of instability. Trees have fallen or are leaning into the channel and roots are
exposed. The overbank area is generally flat and vegetated primarily with mature trees.

Existing Site Conditions

The channel corridor is comprised of a low sinuosity channel bounded by valley slopes, which are
graded upwards from the edge of the channel. The valley slopes are vegetated with shrubs and

trees.

The bed is lined with macrophytes along much of the design channel. The water therefore flows
over vegetation. Pool substrate is mainly silt and sand, and exposed riffles are generally made

up of small cobbles.

There is no erosion along the design channel as energy is largely dissipated by in-channel
vegetation and due to the high width-to-depth ratio of the channel cross-section.
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Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 3.00 n/a n/a n/a 3.00
Riffle 3.00 15 n/a 0.15 (max) n/a
Pool 3.00 2.0 0.40 (max) 0.3 (max) n/a

Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Riffle and pool sequences, the
former comprised of 150 mm
(Dsg) stones

Brush mattresses along outside
banks of bends

Tree and shrub plantings

Macrophytes have grown over
most riffles and pools, in part or
in entirety; exposed riffle
materials are small cobbles and
pools are generally silt and
sand

Shrubs have established along
the sections of the bank
although not strictly along
outside bends

Immature trees and shrubs
have established

Seeding Short grasses and herbaceous
species growing
Rapid Assessment Results
Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) 25 Good Channel stability
Bioengineering and 7 Fair Bed morphology variability
Habitat
RGA 0.21 In Transition  Planform adjustment
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Photographs

Channel with abundant macrophyte.
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Available Documentation

Brookside Road, German Mills Creek Approach Channel Plan View, Drawing No. 1605PP16.
Prepared by Mitchell, Pound & Braddock, July 2000.

Brookside Road, German Mills Creek Approach Channel Details, Drawing No. 1605PP17.
Prepared by Mitchell, Pound & Braddock, July 2000.

Brookside Road, German Mills Creek Approach Channel Details, Drawing No. 160SLAO1.
Prepared by Mitchell, Pound & Braddock, August 2000.

German Mills Creek Culvert Crossing & Details, Drawing No. 1605CD03. Prepared by Mitchell,
Pound & Braddock, February 2000.
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16. Amberlea Creek

Location and Access
Bayly Street and Vistula Drive in Pickering.
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Site Location

Channel Design Rationale
Not identified.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions

The channel flows through a narrow floodplain bordered by residential property. The channel is
sinuous with a generally low gradient. Riparian vegetation is predominantly trees and shrubs.
There is extensive bank erosion and till exposure immediately upstream of the ‘natural’ channel
design.

Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 3.5 3.0-4.0 0.5 0.4 1.68
Riffle 4.0 1.0-2.0 N/A 0.1-0.25 n/a
Pool 4.0 1.5-2.0 0.57-0.64 0.2-0.4 n/a
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Design Components

Design Component Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Vortex weirs and rocky ramps.

Armourstone and plantings

3 m both banks; 100% of
channel length (70% shrub

Minor outflanking of riffles; pools
poorly formed

Appear to be functioning as
intended

Riparian vegetation in good
condition

cover; 30% deciduous tree

cover).

Rapid Assessment Results

Type of Assessment Score Condition  Type of Adjustment / Limiting Factors
RSAT (modified) N/A N/A No bioengineering component
Bioengineering and 7.0 Good Narrow riparian planting corridor
Habitat
RGA 0.33 In Transition  Degradation; widening

Photographs

View of channel looking downstream. Note: well developed point bar and minor erosion
behind rock treatment. Vortex weir (foreground) appears to be functioning as intended.
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View of channel looking upstream. Note: well developed pool riffle sequences. Vortex
weirs appear to be functioning as intended.

Available Documentation

Construction Staging and Sediment Control Plan, Bayly Street & Vistula Drive, Pickering:
Amberlea Creek Stabilization Ph Il — Drawing No. L1. Prepared by Schollen and
Company., July 2001

Layout and Grading Plan, Bayly Street & Vistula Drive, Pickering: Amberlea Creek Stabilization
Ph Il — Drawing No. L2. Prepared by Schollen and Company., July 2001

Planting Plan 1, Bayly Street & Vistula Drive, Pickering: Amberlea Creek Stabilization Ph 1l —
Drawing No. L3. Prepared by Schollen and Company., July 2001

Landscape Details, Bayly Street & Vistula Drive, Pickering: Amberlea Creek Stabilization Ph Il —
Drawing No. L4. Prepared by Schollen and Company., July 2001

Planting Plan 2, Bayly Street & Vistula Drive, Pickering: Amberlea Creek Stabilization Ph Il —
Drawing No. L5. Prepared by Schollen and Company., July 2001

Landscape Sections, Bayly Street & Vistula Drive, Pickering: Amberlea Creek Stabilization Ph Il —
Drawing No. L6. Prepared by Schollen and Company., July 2001
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18. Morningside Tributary

Location and Access
Staines Road and Morningside Avenue Extension.
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Site # 18 Morningside Tributary.
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Site Location

Channel Design Rationale

Channel realignment to restore form and function of stream corridor and aquatic habitat.
Fluvial geomorphology principles, detailed geomorphic investigations, accommodate proposed
post development flow regime while creating a dynamically stable form and diverse aquatic
habitat.

Pre-construction Site Conditions

Significant lengths of valley are linear, limiting planform configuration. Confluence of Morningside
and Neilson tributaries must be properly constructed. Hydro towers are located within the valley
corridor.

Existing Site Conditions
The channel flows through a wide floodplain bordered by residential property. The channel is
sinuous with a generally low gradient. Riparian vegetation is predominantly grasses and shrubs.

Design Parameters

' Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 1.8 4.0 0.3 0.4 0.18
Riffle 5.2 1.5-2.0 0.45 0.05-0.15 1.0
Pool 5.5 2.0-2.5 0.5 0.3-0.5 n/a
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Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Vortex weirs and rocky ramps.

Planting of deep rooting native
grasses; high root density
plants on outside meander
bends, erosion control blankets.

Minor outflanking of riffles

Appear to be functioning as
intended

Riparian Zone Unknown Riparian vegetation in good
condition

Rapid Assessment Results
Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) N/A N/A No bioengineering component
Bioengineering and 8.0 Good Sparse riparian plantings
Habitat
RGA 0.18 In regime Degradation; widening

Photographs

View of channel looking downstream. Note: riffle section appears to be functioning as
intended. Some bank erosion and outflanking seen along left bank.
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i, TR,

View of channel looking upstream. Note: sinuous channel and well vegetated banks.

Available Documentation

Monitoring Report: Morningside Tributary at Morningside Heights Development Natural Channel
Design. Prepared by Parish Geomorphic, January 15, 2004 (2 Copies)

Monitoring Report Draft: Morningside Creek and Neilson Tributary within the Morningside Heights
Community Area. Prepared by Ecoplans Limited, June 2004

Letter of Intent to Implement Compensation, Mitigation and Monitoring Measures for the Harmful
Alteration, Disruption or Destruction of Fish Habitat for Channel Reconfiguration of the
Morningside and Neilson Tributaries in the City of Toronto. Prepared by Ecoplans
Limited, April 2001

Devastation of the Morningside Tributary of the Rouge Park: Presentation to TRCA Board.
October 19 2001

Monitoring Report (Year 1, 2003): Morningside Creek and Neilson Tributary within the
Morningside Heights Community Area. Prepared by Ecoplans Limited, June 2004

Drawing Legend: List of Drawings prepared by LEA Consulting Ltd.

Grading Plan, City of Toronto, Works and Emergency Department: Brookside Subdivision Ph I. —
Drawing No. GR-4. Prepared by Schaeffers Consulting Engineers, February 2002

Siltation Control Plan, City of Toronto, Works and Emergency Department: Morningside Heights —
Core Services — Drawing No. SC-2BB. Prepared by Schaeffers Consulting Engineers,
February 22, 2002 (3 Copies)

Morningside Heights Subdivision Prop. Con-Span Culvert Crossing Street ‘B’, Toronto: Culvert
Details — Drawing No. SWM-20. Prepared By Schaeffers Consulting Engineers, January
2001

Morningside Heights Subdivision Prop. Con-Span Culvert Crossing Street ‘B’, Toronto: Culvert
Details — Drawing No. SWM-21. Prepared By Schaeffers Consulting Engineers, January
2001

Morningside Heights Subdivision Prop. Con-Span Culvert Crossing Street ‘B’, Toronto: Culvert
Details — Drawing No. SWM-22. Prepared By Schaeffers Consulting Engineers, January
2001
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Morningside Heights Subdivision Prop. Con-Span Culvert Crossing Street ‘B’, Toronto: Culvert
Details — Drawing No. SWM-23. Prepared By Schaeffers Consulting Engineers, January
2001

Morningside Heights Subdivision Staines Road. Toronto: Culvert Details — Drawing No. SWM-
23A. Prepared By Schaeffers Consulting Engineers, January 2001

Morningside Heights Subdivision Staines Road. Toronto: Culvert Details — Drawing No. SWM-
23B. Prepared By Schaeffers Consulting Engineers, January 2001

Morningside Heights Subdivision Precast Wingwall Details of Culvert Crossing Street F & B,
Toronto: Drawing No. SWM 24. Prepared by Schaeffers consulting Engineers, January
2001 (2 Copies)

Morningside Heights Subdivision, Morningside Tributary Channel: Drawing No. SWM 25.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel: Drawing No. SWM 26.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel: Drawing No. SWM 27.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel: Drawing No. SWM 28.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel: Drawing No. SWM 29.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel: Drawing No. SWM 30.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel: Drawing No. SWM 31.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel: Drawing No. SWM 32.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 10, 11 & 12: Drawing
No. SWM 33. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 13, 14 & 17: Drawing
No. SWM 34. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 18, 18.1 & 18.2:
Drawing No. SWM 35. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 19, 19.1 &19.9:
Drawing No. SWM 36. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 20, 20.1 & 21.2:
Drawing No. SWM 37. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 22, 23 & 25: Drawing
No. SWM 38. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 26, 26.1, 27 & 27.05:
Drawing No. SWM 39. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 27.1, 27.2 & 28:
Drawing No. SWM 40. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Morningside Tributary Channel, Sections 28.1, 29 & 29.2:
Drawing No. SWM 41. Prepared by Schaeffers consulting Engineers, January 2001
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Morningside Heights Subdivision, Typical Low Flow Cross Sections, Pool 1, 2, 3 & 5: Drawing No.
SWM 42. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Typical Low Flow Cross Sections, Pool 4, Riffle 1, 2 & 3:
Drawing No. SWM 43. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Typical Low Flow Cross Sections Riffle A, B & C: Drawing No.
SWM 44, Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Typical Low Flow Cross Sections TR 1-3 & Riffle 4: Drawing
No. SWM 45. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Typical Low Flow Cross Sections Riffle A, B & C: Drawing No.
SWM 44. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Neilson Tributary Channel: Drawing No. SWM 46. Prepared by
Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Neilson Tributary Channel: Drawing No. SWM 47. Prepared by
Schaeffers consulting Engineers, January 2001 (2 Copies)

Morningside Heights Subdivision, Neilson Tributary Channel, Typical Low Flow Sections: Drawing
No. SWM 48. Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision, Creek Improvement South of CPR: Drawing No. SWM 49.
Prepared by Schaeffers consulting Engineers, January 2001

Morningside Heights Subdivision Subdivision Creek Improvement South of CPR Sections 5 to 6,
Toronto: Drawing No. SWM 50. Prepared by Schaeffers consulting Engineers, January
2001

Morningside Heights Subdivision Subdivision Creek Improvement South of CPR Sections 6.5 and
A to B, Toronto: Drawing No. SWM 51. Prepared by Schaeffers consulting Engineers,
January 2001 (2 Copies)

Morningside Heights Subdivision Subdivision Creek Improvement South of CPR Sections C to F,
Toronto: Drawing No. SWM 52. Prepared by Schaeffers consulting Engineers, January
2001 (2 Copies)

Valley Design Report, Morningside and Neilson Tributaries: Morningside Heights, Toronto.
Prepared by Schaeffers Consulting Engineers, February 2001
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20. Lower Milne

Location and Access
McCowan Road and Highway 7 in Markham.

McCowatI? Rd. Main st

" Site #20 Lower Milne | —

407
:30 - Upper Mf_l_'r_r_e.eré'é'l’(..Restomtion

Site Location
Channel Design Rationale
To improve the health of the river and valley system, while addressing flood and erosion control
issues. Enhancement of fish habitat also desired, including removal of barriers within the reach.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions

The channel flows through a narrow floodplain bordered by residential property. The channel is
generally straight with a generally moderate to high gradient. Riparian vegetation is
predominantly grasses and shrubs.

Design Parameters

; Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 4.0 3.0 1.0 0.4 1.0
Riffle 4.0 1.5-2.0 0.7 0.05-0.15 0.02
Pool 5.0 2.0-2.5 1.0 0.2-04 n/a
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Design Components

Design Component Key Elements Existing Condition
Instream Features Vortex weirs. Outflanking, winnowing and
complete failure of majority of
riffles
Bank Treatment Armourstone, brush layers; brush Minor patches of erosion
mattresses; fascines; live stakes; around bioengineering
crib walls. components, crib walls in

excellent condition, fascines
generally in excellent condition

Riparian Zone 5 m both banks; 100% channel Riparian vegetation in good
length (10% deciduous tree cover; condition
10% coniferous tree cover; 40%
shrub cover; 40% seed mixture).

Rapid Assessment Results

Type of Assessment Score  Condition Type of Adjustment / Limiting Factors

RSAT (modified) 8.5 Fair Outflanking, winnowing and complete failure
of majority of riffles

Bioengineering and 5.2 Fair Minor patches of erosion around
Habitat bioengineering components; Narrow riparian
planting corridor

RGA 0.37 In Degradation; widening
Transition

Photographs

View of channel looking downstream. Note: fascines doing well along right bank.
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View of channel looking downstream. Note: good point bar development, high survival
rate of crib wall plantings and crib wall providing good pool development.

Available Documentation

Class Environmental Assessment, Markham Ontario: Milne Creek Restoration Project. Prepared
by Totten Sims Hubicki associates., March 31, 2000
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21. Mimico Creek

Location and Access
Airport Road and Slough Road in Mississauga.

Site # 21 Mimico Creek

Ai[Port Rd.
Ny
Site Location

Channel Design Rationale
Reconstruct an existing stream, narrow the valley, remove fish barrier.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions
The channel flows through a wide floodplain bordered by fallow agricultural land. The channel is
generally straight with a low gradient. Riparian vegetation is predominantly grasses.

Design Parameters

' Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 4.0 2.5 0.54 0.5 1.0
Riffle 4.0 2.0-2.5 N/A 0.05-0.15 N/A
Pool 4.0 2.5-3.5 N/A 0.3-0.7 N/A
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Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Vortex weirs.

Live stakes.

15 m both banks; 100% channel
length (10% deciduous tree cover;
10% coniferous tree cover; 30%
shrub cover; 50% herbaceous seed
mix).

Outflanking common

Minor patches of erosion
around bioengineering
components, crib walls in
excellent condition, fascines
generally in excellent condition

Riparian vegetation in good
condition.

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) N/A N/A No bioengineering component
Bioengineering and 6.6 Good Narrow riparian planting corridor
Habitat
RGA 0.25 In Transition  Widening

Photographs

View of channel looking downstream. Note: riparian vegetation appears to be functioning

well.
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View of channel looking upstream. Note: riffle structures generally functioning as
intended.

Available Documentation

Assessment and Design Report, Orfus Realty Lands: Valley Corridor Assessment and Design,
Second Submission report, City of Mississauga, Prepared by Dillon Consulting Limited,
November 11, 2002.

Proposed Regional Flood Line: Orfus Realty Industrial Subdivision — Drawing No. CH-2A.
Prepared by Dillon Consulting, May 13, 2002.

Proposed Regional Flood Line: Orfus Realty Industrial Subdivision — Drawing No. CH-2B.
Prepared by Dillon Consulting, May 13, 2002.

Bioengineering Plan and Profile: Orfus Realty Industrial Subdivision — Drawing No. CH-4.
Prepared by Dillon Consulting, April 30, 2002 (3 Copies)

Planting Plan: Orfus Realty Industrial Subdivision — Drawing No. CH-5. Prepared by Dillon
Consulting, April 30, 2002. (2 Copies)

Bioengineering and Planting Details: Orfus Realty Industrial Subdivision — Drawing No. CH-6.
Prepared by Dillon Consulting, April 30, 2002. (2 Copies)

Erosion Control Details: Orfus Realty Industrial Subdivision — Drawing No. ER 2. Prepared by
Dillon Consulting, May 13, 2002.
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23. Carruthers Creek

Location and Access
Rossland Road west of Audley Road in Ajax.

Site Location

Channel Design Rationale
Realignment of 26.5 m of creek, incorporating riffle pool sequences into design to enhance fish
habitat. Installation of riparian plantings.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions
The channel flows through a fairly wide forested floodplain. The channel is sinuous with a low
gradient. Riparian vegetation is grasses, shrubs and trees.

Design Parameters

] Bankfull Width (m) Bankfull Depth (m) Design
D F : s : =L :
esign Feature Design Existing Design Existing Gradient (%)
Channel average 5.0 3.0 1.2 0.5 1.0
Riffle 4.0 2.0 0.2 0.1-0.2 0.3
Pool 5.0 2.0 1.2 0.4-0.5 N/A
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Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Boulder placement

Vegetated 600 mm rock protection.

3 m both banks; 100% channel length
(50% shrub cover; 25% deciduous
tree cover; 25% coniferous tree
cover)

Minor pool formation
immediately downstream

Appears to be functioning
as intended

Riparian vegetation in good
condition. However,
plantings tend to be sparse.

Rapid Assessment Results

Type of Assessment Score Condition  Type of Adjustment / Limiting Factors
RSAT (modified) N/A N/A No bioengineering component
Bioengineering and 6.0 Fair Narrow riparian planting corridor
Habitat
RGA 0.14 In Regime  None

Photographs

View of channel looking upstream. Note: vegetated rip rap lining both banks.

Final Report

Page C58



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

View of channel looking upstream. Note: riffle structure and boulder placement generally
functioning as intended.

Available Documentation

Rossland Road Bridge, Over Carruthers Creek; General Arrangement, Prepared for The
Corporation of the Town of Ajax Planning and Development Department, Town of Ajax —
Drawing No. S1, June 20, 2003

Rossland Road Bridge, Over Carruthers Creek; Fish and Habitat Improvement and Erosion &
Sediment Control Plan, Prepared for The Corporation of the Town of Ajax — Drawing No.
E1 Planning and Development Department, Town of Ajax, July 31, 2003

Fax Correspondence: Overdue Monitoring Report, Fish Habitat Management, Fisheries and
Oceans Canada; CFN 34259

Report on Geotechnical Investigation Proposed Rossland Road Reconstruction and Carruthers
Creek Water Crossing Structure, Ajax, Prepared by Golder Associates Ltd. March 2003

Letter Correspondence to Briar Young, Rossland Road Bridge Replacement over Carruthers

Creek, Town of Ajax, Prepared by Warm Engineering and Biological Services, January
2005
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24. Neilson East Tributary

Location and Access
The 520 m channel design extends in a westerly direction from the corner of Oasis Blvd. and
Raponi Circle in Scarborough. It is most easily accessed from this upstream end.

lronside

Site Location

Channel Design Rationale

The channel was realigned to convey post-development flows and accommodate the
development of surrounding lands.

Pre-construction Site Conditions

The first 150 m of channel from Oasis Blvd. was not part of the channel design. The corridor,
however, was densely vegetated and grasses have encroached into the channel, a condition that
may not have existed prior to planting. The condition of the downstream pre-design channel is
unknown as documentation was not available. It is likely that the channel was similar to the
upstream reach. Again, the impact of vegetation is unknown.

Existing Site Conditions

The corridor is well vegetated with grasses, particularly in the upstream reach where a channel
design was not applied. Grasses here have encroached into the channel such that the channel is
not well defined for much of its length. The channel is generally straight.

The designed channel reach exhibits a relatively sinuous planform and has riffle-pool sequences.
Quantity of tree plantings is greater. Density and height of grasses in the riparian zone are
reduced and grass encroachment into the channel is negligible.

Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average n/a n/a n/a n/a 0.94
Riffle n/a 15 n/a 0.15 (max) n/a
Pool n/a 2.5 n/a 0.4 (max) n/a

Final Report Page C60



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

Design Components

Design Component Key Elements Existing Condition

Instream Features Riffle-pool sequences Maintaining form; functioning as
designed

Bank Treatment Coir cloth along entire length of  Intact and operating as intended

channel design

Coir logs along outside banks Unnoticeable as they are under coir

of bends
Riparian Zone Tree plantings

Seeding

cloth
Established and maturing

Very dense, especially 150 m
upstream reach

Rapid Assessment Results

Type of Assessment Score Condition  Type of Adjustment / Limiting Factors
MRSAT 25.5 Good Fair instream & riparian habitats; moderate
sedimentation
Bioengineering and 11 Good No issues
Habitat
RGA 0.17 In Regime  Widening and planform adjustment
Photographs

View of channel looking downstream. Note: riffle section appears to be functioning as

intended.
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View of channel looking downstream. Note: well vegetated banks and riparian zone.

Available Documentation

Email Correspondence to Nancy Dionne, regarding Neilson East Subdivision. October 22, 2003

Letter Correspondence to Russel White, from David Schaeffer Engineering Ltd., regarding
Mattamy (Neilson East) Subdivision. October 27, 2003

Letter Correspondence to Aaron Wisson, from Fisheries and Oceans Canada, regarding
Authorization for the harmful alteration, disruption or destruction of fish habitat pursuant
to subsection 35(2) of the Fisheries Act. November 12, 2003

Cover Sheet, Neilson East Subdivision, City of Toronto: Neilson Tributary Channel — 6™
submission, Drawing No. C-1. Prepared by The MBTW Group., May 2002

Channel Sections, Neilson Tributary, City of Toronto: Mattamy (Neilson East) Subdivision —
Drawing No. 16. Prepared by David Schaeffer Engineering Ltd., May 2002

Riparian Planting Plan, Neilson Tributary Channel, City of Toronto: Neilson East Subdivision,
Neilson Tributary Channel — 6" submission Drawing No. PL-3. Prepared by The MBTW
Group., May 2002

Details, Neilson East Subdivision, City of Toronto: Neilson Tributary Channel — 6™ submission,
Drawing No. D-2. Prepared by The MBTW Group., May 2002

General Plan, Mattamy Neilson Subdivision, City of Toronto — Drawing No. 1. Prepared by David
Schaeffer Engineering Ltd., June 2002

Plan Lists, Neilson Tributary Channel, City of Toronto: Neilson East Subdivision — Drawing No. D-
1. Prepared by The MBTW Group., May 2002

Riparian Planting Plan, Neilson Tributary Channel, City of Toronto: Neilson East Subdivision —
Drawing No. PL-1. Prepared by The MBTW Group., May 2002
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Riparian Planting Plan, Neilson Tributary Channel, City of Toronto: Neilson East Subdivision —
Drawing No. PL-2. Prepared by The MBTW Group., May 2002
Hydraulic and Riparian Storage Analysis, City of Scarborough: Morningside Heights
Neilson Tributary Improvements.

Prepared by David Schaeffer Engineering Ltd., October 2003
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25. Hoover Creek (Black Creek Tributary)

Location and Access
The 150 m channel design extends in a southerly direction from The Pond Road, from which the
site may be accessed.

alg_- A a ;..
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Site Location
Channel Design Rationale
The channel was rehabilitated in part to improve fish habitat as compensation for the construction
of the National Tennis Centre and the associated removal of a small intermittent channel locate in
the uppermost reaches of Hoover Creek.

Pre-construction Site Conditions

The corridor was primarily vegetated with shrub willows and deciduous trees. The channel was
widening into the banks and valley slope causing trees to fall. Furthermore, it was downcutting
into till or surficial material (sand and gravel). Bankfull width and depth were “indeterminate”,
while wetted width was 2.25 m and water depth was 0.2 m. Bankfull gradient was 1.14%.

Existing Site Conditions

The channel flows through a narrow floodplain bordered by a narrow strip of forested land. The
channel is fairly straight with a generally high gradient. Riparian vegetation is predominantly
trees and shrubs.

Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 9 n/a 0.3 n/a 2.6
Riffle n/a 1.6 n/a 0.1 (max) 4.5
Pool n/a 2.2 n/a 0.4 (max) 1.4
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Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Riffle-pool sequences

Coir cloth along entire length of
channel design

Coir logs along outside banks
of bends

Tree plantings

Seeding

Rapid Assessment Results

Maintaining form; functioning as
designed
Intact and operating as intended

Unnoticeable as they are under coir
cloth

Established and maturing

Very dense, especially 150 m
upstream reach

Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) 19 Fair Stability, downcutting
Bioengineering and
Habitat
RGA 0.33 In Transition  Downcutting, widening
Photographs

A former riffle-pool sequence viewed upstream.

Note the degradation and bank erosion.
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Downstream view of channel bend. Note the degradation and bank erosion.
Available Documentation

Hoover Creek Fish Habitat Compensation Plan. Prepared by SNC-Lavalin for Canadian Tennis
Association, May 2003.

Hoover Creek Fish Habitat Monitoring Program: Year 1 (2004) Report. Prepared by SNC-Lavalin
for Tennis Canada, Rexall Centre, December 2004.

National Tennis Centre, Tennis Canada: Fish Habitat Compensation Plan, Hoover Creek
Stabilization, Plan and Profile, Drawing No. FHCP-1. Prepared by SNC-Lavalin, May 29,
2003.

National Tennis Centre, Tennis Canada: Fish Habitat Compensation Plan, Hoover Creek
Stabilization, Cross-sections and Details, Drawing No. FHCP-2. Prepared by SNC-
Lavalin, May 29, 2003.

National Tennis Centre, Tennis Canada: Fish Habitat Compensation Plan, Hoover Creek
Stabilization, Details, Drawing No. FHCP-3. Prepared by SNC-Lavalin, May 29, 2003.

National Tennis Centre, Tennis Canada: General Notes and Details, Drawing No. 1.0A. Prepared
by R.V. Anderson Associates, June 17, 2003.

National Tennis Centre, Tennis Canada: Site Grading, Drawing No. 1.2A. Prepared by R.V.
Anderson Associates, June 17, 2003.

National Tennis Centre, Tennis Canada: Site Servicing, Drawing No. 1.3A. Prepared by R.V.
Anderson Associates, June 17, 2003.

National Tennis Centre, Tennis Canada: Temporary Sediment and Erosion Controls, Drawing No.
1.4A. Prepared by R.V. Anderson Associates, June 17, 2003.
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National Tennis Centre, Tennis Canada: Details, Drawing No. 1.5A. Prepared by R.V. Anderson
Associates, June 17, 2003.

National Tennis Centre, Tennis Canada: Site Plan, Drawing No. A1.01. Prepared by
Robbie/Young + Wright Architects, June 27, 2003.

National Tennis Centre: Details, Drawing No. D1. Prepared by Robbie/Young + Wright
Architects, December 19, 2002.

National Tennis Centre: Details, Drawing No. D2. Prepared by Robbie/Young + Wright
Architects, June 18, 2003.

National Tennis Centre: Stormwater Management Facility, Rehabilitation Planting Plan, Drawing
No. RP1. Prepared by Robbie/Young + Wright Architects, December 19, 2002.

National Tennis Centre, Tennis Canada: Site Periphery, Restoration Planting Plan, Drawing No.
RP2. Prepared by Robbie/Young + Wright Architects, May 15, 2003.
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26. Fanshore Watercourse Alteration

Location and Access

Rosegarden Drive and Goreway Drive in Brampton

Channel Design Rationale

Site Location

Realignment of tributary to accommodate development. Enhancement of channel form and

function.

Pre-construction Site Conditions

Unknown.

Existing Site Conditions

The channel flows through a narrow floodplain. The channel is sinuous with a low gradient.
Riparian vegetation is predominantly grasses with some shrubs and trees.

Design Parameters

g Bankfull Width (m) Bankfull Depth (m) Design
D F - == : == .
esign Feature Design Existing Design Existing Gradient (%)
Channel average 3.1 15 0.4 0.4 0.2
Riffle 3.35 15 0.3 0.05 0.25
Pool 3.25 1.5 0.37 0.2-0.35 N/A

Design Components

Design Component

Key Elements

Existing Condition

Instream Features
Bank Treatment

Riparian Zone

None
None

10 m both banks; 100% channel
length (50% deciduous tree cover;
10% coniferous tree cover; 40%
shrub cover).

N/A
N/A

Riparian vegetation in good
condition.
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Rapid Assessment Results

Type of Assessment Score  Condition  Type of Adjustment / Limiting Factors
RSAT (modified) N/A N/A No bioengineering component
Bioengineering and 6.4 Good Narrow riparian planting corridor
Habitat
RGA 0.18 In Regime None

Photographs

View of channel looking downstream. Note: low flow and vegetation encroachment into
channel.

View of channel looking downstream. Note: riparian vegetation becoming well-
established.
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Available Documentation

Letter Correspondence Mr. Brain Casagrande, from EMC Group Limited, regarding Castlemore
South Residential Subdivision, March 12, 2003

Community of Vales East Draft Plan, City of Brampton: Stormwater Management Report
Castlemore South Residential Subdivision Fanshore Investments Inc., Prepared by EMC
Group., April 28, 2003

Erosion and Sediment Control Plan, City of Brampton: Castlemore South Res. Subdivision —
Drawing No. 94142-ES. Prepared by EMC Group Limited., August 2002

Stormwater Management Pond, City of Brampton: Castlemore South Res. Subdivision — Drawing
No. 94142-CD1. Prepared by EMC Group Limited., October 2002

Stormwater Management Pond Details, City of Brampton: Castlemore South Res. Subdivision —
Drawing No. 94142-CD2. Prepared by EMC Group Limited., October 2002

Stormwater Management Pond Cross-Sections, City of Brampton: Castlemore South Res.
Subdivision — Drawing No. 94142-CD3. Prepared by EMC Group Limited., October 2002

Goreway Drive Box Culvert Extension, City of Brampton: Castlemore South Res. Subdivision —
Drawing No. 94142-P19. Prepared by EMC Group Limited., January 2003

Storm Sewer Outlet, City of Brampton: Castlemore South Res. Subdivision — Drawing No. 94142-
P16. Prepared by EMC Group Limited., October 2002

Storm Drainage Plan, Part 1, City of Brampton: Castlemore South Res. Subdivision — Drawing
No. 94142-5. Prepared by EMC Group Limited., May 2002

Storm Drainage Plan, Part 2, City of Brampton: Castlemore South Res. Subdivision — Drawing
No. 94142-6. Prepared by EMC Group Limited., May 2002

Grading Plan, Part 1, City of Brampton: Castlemore South Res. Subdivision — Drawing No.
94142-GR1. Prepared by EMC Group Limited., October 2002

Grading Plan, Part 2, City of Brampton: Castlemore South Res. Subdivision — Drawing No.
94142-GR2. Prepared by EMC Group Limited., October 2002

Grading Plan, Part 3, City of Brampton: Castlemore South Res. Subdivision — Drawing No.
94142-GR3. Prepared by EMC Group Limited., October 2002

Grading Plan, Part 4, City of Brampton: Castlemore South Res. Subdivision — Drawing No.
94142-GR4. Prepared by EMC Group Limited., October 2002

Grading Plan, Part 5, City of Brampton: Castlemore South Res. Subdivision — Drawing No.
94142-GR5. Prepared by EMC Group Limited., October 2002
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27. Mimico Creek Tributary Realignment

Location and Access
Highway 407 and Airport Road in Brampton

Intermodal Dr., -

Steglé's Ave.

. Hwy,/407". / '.
 Site #27 Mimico Cr. Tributary

Site Location
Channel Design Rationale
Realignment of the watercourse to accommodate development; diversification of aquatic habitat;
prevention of stream bank erosion.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions

The channel flows through a narrow floodplain bordered by commercial/industrial land use. The
channel is very sinuous with a low gradient. Riparian vegetation is predominantly grasses with
some shrubs.

Design Parameters

] Bankfull Width (m) Bankfull Depth (m) Design
D F - s : s .
esign Feature Design Existing Design Existing Gradient (%)
Channel average 4.5 3.0 0.4 0.5 0.75
Riffle 4.5 2.0 0.5 0.05-0.1 1.0
Pool 2.00 2.0 0.6 0.2-0.4 N/A
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Design Components

Design Component Key Elements Existing Condition
Instream Features Vortex Weirs Majority of riffles washed out
Bank Treatment Living revetments. 80% of NCD with till exposure;

undercut banks; extensive bank
erosion; pools poorly developed

Riparian Zone 10 m both banks; 100% channel Riparian vegetation in good
length (50% deciduous tree cover; condition.
10% coniferous tree cover; 40%
shrub cover) - grass seed mix
throughout riparian area.

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) N/A N/A No bioengineering component
Bioengineering and 6.4 Good 50% of live staking did not take
Habitat
RGA 0.49 In Adjustment  Degradation; widening; planimetric
adjustment
Photographs
% F
e— i |

View of channel looking downstream. Note: extensive bank erosion and downcutting.
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View of channel looking upstream. Note: riparian vegetation becoming well-established.

Available Documentation

Channelization Grading Plan: Merkins, Toronto: Menkes Developments Ltd. Intermodal Site —
Drawing No. SP1. Prepared by Burnside., August 28, 2003

Channel Profile: Merkins, Toronto: Menkes Developments Ltd. Intermodal Site — Drawing No.
SP2. Prepared by Burnside., August 28, 2003

Site Servicing Plan: Merkins, Toronto: Menkes Developments Ltd. Intermodal Site — Drawing No.
S1. Prepared by Burnside., August 20, 2003

Channel Erosion Sedement Control Plan: Merkins, Toronto: Menkes Developments Ltd.
Intermodal Site — Drawing No. ES1. Prepared by Burnside., August 14, 2003

Site Grading Plan: Merkins, Toronto: Menkes Developments Ltd. Intermodal Site — Drawing No.
G1. Prepared by Burnside., July 23, 2003

Landscape Plan, Channel Re-alignment, Airport Road & Intermodal Drive (Southeast Corner),
Brampton: Menkes Development Ltd — Drawing No. L1. Prepared by STRYBOS
Associates., April 10, 2003

Landscape Plan, Industrial Development, Airport Road & Intermodal Drive (Southeast Corner),
Brampton: Menkes Development Ltd — Drawing No. L2. Prepared by STRYBOS
Associates., April 10, 2003

Fax Correspondence: Authorization for the harmful alteration, disruption or distruction of fish
habitat pursuant to subsection 35(2) of the Fisheries Act, Fisheries and Oceans Canada,
CFN 34472, September 8, 2003
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28. Little Rouge River Tributary 1

Location and Access

The site is located on the new Markham By-pass, east of Ninth Line and north of Sixteenth
Avenue, in Markham. The channel flows in a northerly direction from the stormwater
management facility at the Cornell development site to Little Rouge River. The site can be
accessed from the new Markham By-pass.

| |

Major__Mackenzie Dr E r

Thomwood Rouge Park
il | | R | o o Sl R Ny

Corridor

o %
123
Reesor

Ti 1
":J’ e |
ey
e

Bugk

fid
m Sideentt
v\_gdeb -] _“L Lanne ! \- . : ~ T T

Site Location

Channel Design Rationale
The channel was lowered to service the upstream stormwater management facility and to
accommodate the new Markham By-Pass.

Pre-construction Site Conditions
Not available.

Existing Site Conditions

The 100 m channel is slightly sinuous with riffle and pool sequences. Installed at the upstream
end of riffle sections are rock vortex weirs, which are either buried, partially exposed or largely
emergent. The channel is aggrading at the upstream end of the channel design. In total, about
half of the length of the channel, in both riffle and pool sections, is colonized by grasses and
cattails. Algae are also found in riffle and pools. The downstream end of the channel design is
composed of a relatively steep rocky ramp-type feature. Water flows mostly between and under
the small boulder sized material.

On the day of the site visit, bioengineering had not been installed. The riparian are was,
however, planted with trees, and grasses and herbaceous species were growing.
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Design Parameters

: Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average n/a n/a n/a n/a 0.51
Riffle 2.7 15 0.3 (max) 0.1-0.25 0.1
Pool 2.7 2.0 0.4 (max) 0.25-0.4 n/a

Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Rock vortex weir

Vegetated riverstone

Brush mattress

Tree plantings

Weirs are completely buried, partially buried
or largely emergent; completely buried weirs
are located at the upstream end of the design
and offer no function; largely emergent weirs
are located towards the downstream end and
are spaced such they do not provide grade
control

The channel margin area is vegetated as
intended; water flows between the riverstone

Newly installed

Recently planted

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors

RSAT (modified) 17.5 Fair Sediment deposition; instream habitat;
water quality

Bioengineering and n/a n/a Bioengineering incomplete on day of field

Habitat visit

RGA 0.21 In Transition  Aggradation
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Photographs

Partially exposed vortex weir and riffle viewed upstream. Note the in-channel vegetation
in the upstream pool.
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Available Documentation

Natural Channel Design, Tributary One/Little Rouge River: Channel Rehabilitation Plan, Drawing
No. L-1. Prepared by Marshall Macklin Monaghan, December 20, 2002.

Natural Channel Design, Tributary One/Little Rouge River: Channel Profile, Drawing No. L-2.
Prepared by Marshall Macklin Monaghan, December 20, 2002.

Natural Channel Design, Tributary One/Little Rouge River: Landscape Details, Drawing No. L-3.
Prepared by Marshall Macklin Monaghan, December 20, 2002.

Natural Channel Design, Tributary One/Little Rouge River: Landscape Details, Drawing No. L-4.
Prepared by Marshall Macklin Monaghan, December 20, 2002.

Natural Channel Design, Tributary One/Little Rouge River: Landscape Details, Drawing No. L-5.
Prepared by Marshall Macklin Monaghan, December 20, 2002.

Natural Channel Design, Tributary One/Little Rouge River: Landscape Details, Drawing No. L-6.
Prepared by Marshall Macklin Monaghan, December 20, 2002.

Natural Channel Design, Tributary One/Little Rouge River: Sedimentation and Erosion Control
Plan — Phase 1 Excavation, Drawing No. SE-1. Prepared by Marshall Macklin
Monaghan, December 20, 2002.

Natural Channel Design, Tributary One/Little Rouge River: Sedimentation and Erosion Control
Plan — Phase 2 Staged Channel Construction, Drawing No. SE-2. Prepared by Marshall
Macklin Monaghan, December 20, 2002.
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29. Tranquility Stream

Location and Access
Yonge Street and Bloomington Road in Richmond Hill

Yonge St. \
Bloomington Rd. "

T

Site #20 Tranquility

| ~__kKingRd.

|
Site Location

Channel Design Rationale
Realignment of an intermittent tributary to accommodate development.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions

The channel flows through a wide floodplain bordered by residential land use. The channel is
very sinuous with a low gradient. Riparian vegetation is predominantly grasses with some

shrubs.

Design Parameters

' Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 1.7 2.0 0.2 0.3 0.26
Riffle No oo,}l/cr)iffle No pool/riffle
pool/riffle 0.5-1.0 P 0.05-0.20 sequence
sequence
sequence
Pool No No .
poolfrifile ~ 2.0-2.5  poolrifie  0.3-0.4 No poolfriffle
sequence
sequence sequence
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Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Live shade tripods; half logs;
floodplain pools, riffles

Willow bundles; fascines.

10 m both banks; 100% channel
length (50% deciduous tree cover;
10% coniferous tree cover; 40%
shrub cover).

Appear to be functioning as
intended; Upstream riffles
outflanked, two riffles
emergent with through flow

Appear to be functioning as
intended

Riparian vegetation in good
condition.

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors
RSAT (modified) 4 Poor Structural failure of riffles; bioengineering
not functioning as designed
Bioengineering and 6.3 Good Bioengineering components not function
Habitat as designed
RGA 0.46 In Adjustment  Aggradation; planimetric adjustment
Photographs

View of channel looking upstream. Note: low flow and vegetation encroachment into

channel.
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View of channel looking downstream. Note: riparian vegetation becoming well-
established, rip rap placement and exposed riffle materials.

Available Documentation

Fax Correspondence: Tranquility, Fish Habitat Management, Fisheries and Oceans Canada; CFN
33710

Final Report, Assessment of Baseflow Contribution — Existing Creek Proposed Low Flow
Channel, Tranquility Subdivision, Richmond Hill, Prepared by AMEC Earth &
Environmental Limited, Submitted to Heathwood Homes (Tranquility) Limited, May 2003
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30. Upper Milne

Location and Access
McCowan Road and Bullock Drive in Markham

V-4U

Site # 30 - UpperM
&y

Site Location

e Creek Restoratjon
o

Channel Design Rationale
To restore the natural channel and mitigate existing downstream flooding and erosion problems.
Stabilization of banks through bioengineering and plantings.

Pre-construction Site Conditions
Unknown.

Existing Site Conditions

The channel flows through a wide floodplain (upstream) and a narrow floodplain (downstream)
bordered by industrial/commercial land use. Upon the site visit, riparian vegetation had not
become established due to the recent construction of the channel.

Design Parameters

; Bankfull Width (m) Bankfull Depth (m) Design
Design Feature Design Existing Design Existing Gradient (%)
Channel average 3.0 2.0-25 0.6 0.4 1.0
Riffle 15 1.5-2.0 0.3 0.05-0.15 1.0
Pool 3.0 2.0-2.5 0.6 0.2-0.8 N/A
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Design Components

Design Component

Key Elements

Existing Condition

Instream Features

Bank Treatment

Riparian Zone

Vortex weirs

Brush layering; live stakes; brush
mattresses, live fascines.

5 m both banks; 100% channel length
(50% deciduous tree cover; 10%
coniferous tree cover; 40% shrub
cover).

Appear to be functioning as
intended;

Not installed when site visit
conducted.

Only seed when site visit
conducted.

Rapid Assessment Results

Type of Assessment Score Condition Type of Adjustment / Limiting Factors

RSAT (modified) N/A N/A No bioengineering component

Bioengineering and 3.0 Poor (Note: newly installed channel)

Habitat

RGA 0.24 In Transition  Aggradation; planimetric adjustment
Photographs

View of channel looking downstream. Note: newly constructed channel with low gradient

and high sinuosity.
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View of channel looking upstream. Note: some channel adjustments occurring since
construction (medial bars and sediment deposition).

Available Documentation

Upper Milne Creek Restoration, Between Heritage Road and C.N. Rail, Grading Plan., Markham,
December 2004, Drawing No. L1

Upper Milne Creek Restoration, Between Heritage Road and C.N. Rail, Grading Plan., Markham,
December 2004, Drawing No. L2

Upper Milne Creek Restoration, Between Heritage Road and C.N. Rail, Grading Plan., Markham,
December 2004, Drawing No. L3

Upper Milne Creek Restoration, Between Heritage Road and C.N. Rail, Grading Plan., Markham,
December 2004, Drawing No. L4

Application for Fill, Construction and Alteration to Waterways Permit, Toronto and Region
Conservation Authority, Upper Milne Creek Restoration Project Corporation of the Town of
Markham, Prepared by Harrington and Hoyle Ltd., March 2004
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Table D1: Functioning of NCD Design Elements

Project e N Constructed Riffles Bioengineering Habitat Structures eI (Chreztien @i
> : I Functionin Comments i Type Functionin i Type Functionin Plantings fish barriers
design 9 design yP 9 design yP 9 9
2 Little Etobicoke Creek yes yes A couple riffles submerged yes Rootwads yes yes Rootwads yes yes no
Fonthill Channel Riffles appear to be in good .
3 Restoration yes yes condition yes Vegetated rip rap yes no N/A N/A yes no
Highland Creek . Brush mattresses, live
5 Rehabiltation yes yes outflanking yes tascines: live stakes yes yes Wetland features yes yes no
Little Rouge River . "
6 Restoration Project no N/A N/A yes Fascines yes no N/A N/A yes no
8 Berczy Village Burdenet yes o winnowing and vegetation yes Live fascines yes yes Wet meadows along creek yes yes yes
Creek encroachment channel
9 New Westminster Creek yes no winnowing and vegetation yes Live fascines yes no N/A N/A yes no*2
encroachment
Wismer Commons winnowing and vegetation Coir biologs, fascines, Wetland side channels,
10 Robinson Creek yes no encroachment yes brush layers yes yes root wads, anchored logs yes yes yes
Miller Creek Realignment . . "
11A and Natural Channel yes yes winnowing and vegetation yes yes no N/A N/A yes no
- encroachment
Design (Reach 6) cribwalls, fascines
Miller Creek Realignment
11B and Natural Channel yes yes Good condition yes yes no N/A N/A yes no
Design (Reach 1-2) cribwalls, fascines
Don River Tributary winnowing and vegetation Pools and offline ponds,
12A Realignment (Upstream yes no 9 Y no N/A N/A yes skid lunkers, cable stayed yes yes yes
- encroachment
from Highway 400) trees, gravel beds
Don River Tributary Pools and offline ponds,
128 Realignment (Downstream yes yes Good condition yes Coir biologs yes yes skid lunkers, cable stayed yes yes no
from Highway 400) trees
13 Robinson Creek es es outflankin es Live fascines and no es Pond in floodplain, es es no
Naturalization ¥ ¥ 9 v brush mattresses v anchored logs ¥ ¥
1 German Mills Creek es es Jow flow es Brush layerin es no N/A N/A es no
Realignment ¥ ¥ v yerng ¥ v
16 Ambgrlea Creek yes yes outflanking no N/A N/A no N/A N/A yes no
Realignment
Morningside Tributary )
18A (Upstream Reach) yes yes outflanking no N/A N/A no N/A N/A yes no
188 Mormingside Tributary yes yes Good condition no N/A N/A no N/A N/A yes no
(Downstream Reach)
Morningside Tributary . .
18C (Neilson Reach) yes yes winnowing no N/A N/A no N/A N/A yes no
Lower Milne Creek X Brush layers, brush
20 Restoration yes yes outflanking yes matiresses, fascines yes no N/A N/A yes no
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Project e N Constructed Riffles Bioengineering Habitat Structures eI (Chreztien @i
> : I Functionin Comments i Type Functionin i Type Functionin Plantings fish barriers
design 9 design yP 9 design yP 9 9

21 Mimico Creek Realignment yes yes outflanking yes Live stakes no no N/A N/A yes yes*3
Carruthers North of - .

23 Rossland Road - Ajax yes yes Good condition yes Vegetated rip rap yes no N/A N/A yes no
Neilson Tributary ™ .

24 (upstream of 18C) yes yes Good condition yes Live stakes yes no N/A N/A yes no

25 Black Creek Tributary yes no outflanking yes Vegetated rip rap yes yes Rootwads no yes yes
Fanshore Watercourse

26 Alteration yes yes low flow no N/A N/A no N/A N/A yes no
Mimico Creek Tributary . X

27 Realignment yes no outflanking yes Living revetments no no N/A N/A no no

28 Rouge River Tributary 1 yes yes winnowing yes Brush msat;tlr(ees;ses, live not installed no N/A N/A yes yes

20A Tranquility Stream (W. of es es outflankin es Willow bundles, es es Live shade tripods, half es es o
Blackforest Dr.) ¥ ¥ 9 Y fascines ¥ Y logs, floodplain pools ¥ ¥
Tranquility Stream (E. of Willow bundles, Live shade tripods, half

298 Blackforest Dr.) no NIA NIA yes fascines yes yes logs, floodplain pools yes yes yes
Upper Milne Creek -

30A Restoration (S. of Bullock yes yes Good condition yes B“liSh I?yer;ng, _I|ve not installed no N/A N/A yes no
Dr.) stakes, live fascines
Upper Milne Creek - ) :

30B Restoration (N of Bullock yes yes Good condition yes Brush Iayenng, .Ilve not installed yes Aquatic plantings, wetland not installed yes no
or) stakes, live fascines cells

PERCENT 'YES' TOTALS 93% 78% 9% 85% 40% 90% 97% 32%

*1 Channel had fish barrier prior to natural channel design (part of objectives)
*2Fish barrier present regardless of natural channel design

*3 Objective of natural channel design was to remove fish barrier by constructing riffle immediately downstream of barrier
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NCD MONITORING PROGRAM
SITE 2- LITTLE ETOBICOKE CREEK

MONITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

RAPID ASSESSMENTS Formal fluvial geomorphology monitoring already established through other project.

SUB-REACH MAP

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT

ASSESSMENT Instream habitat to be evaluated using fluvial geomorphology data.

FISH COMMUNITY

No specific fish community targets known at this time. Monitoring of this parameter to be

SPECIES INVENTORY .
determined.
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NCD MONITORING PROGRAM
SITE 2 - LITTLE ETOBICOKE CREEK

MONITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

In situ measurement of | Upstream, within and

WATER CHEMISTRY basic water chemistry downstream of the Ever_y o_ther year over the Summer
. monitoring period. (baseflow)
parameters. project area.
. . A characteristic
BENTHIC MACRO- gfrggc:: isill::mgr;liano segment of the Every other year over the Summer
INVERTEBRATES project area (referto | monitoring period. (baseflow)

Protocol. .
site map).

RIPARIAN CONDITIONS

RIPARIAN AREA / Visual inspection of
RESTORATION restoration plantings At channel cross- Every other year over the
PLANTING and Line Intercept sections. monitoring period.

ASSESSMENT Transects (Harris 2005).

Summer

ENGINEERED / BIOENGINEERED ELEMENTS

Visual qualitative
assessment and
photographic
documentation of
structural and
vegetation components.

Every other year over the
monitoring period.

Summer

VISUAL ASSESSMENT Entire project area.

SOCIAL / CULTURAL ELEMENTS

Once during the monitoring Summer

OPINION SURVEYS Opinion surveys. Entire project area. period. (fair weather)
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VA

GEOMORPHIC SOLUTIONS

NCD Monitoring Rapid Assessment

General Site Characteristics

A\
Date/Time:__Hov 30 Woather;___ SUrth Recorder/Crew: \LT{?,E,J
Location:_ 51 Siugh Stream/Reach: LT 1ol uéii‘ilgyz—* Project Code: __ 0931 £~
Location and Condition of: instream structures, bioengineering and riparian vegetation,
Legend Site Sketch:
Geomorphic Unit
P1 Riffle P5 Cascade N
P2 Pool P& Rapid N
F3 Run F7 Bedrock outcrop
P4 Glide P8 Marginal deadwater
Substrate
St Silt S5 Large Cobble
52 Sand S6 Small Boulder
§3 Gravel S7 Large Boulder
S4 Small Cobble S8 Bimodal
Functionat habitats
F1 Tree roots F5 Leal litter
F2 Tree branches F6 Mosses
F3 Wnody dehris F7 Macroalgae y Y

Flow Type
Hg Free Fall
H8 Chute

H7 Broken Standing Wave
H6 Unbroken Standing Wave
H5 Rippled

H4 Upwelling

H3 Smooth Surface Flow

H2 Scarcely Peceptible Flow
H1 Standing Water

F4 Marginal plants F8 Macrophyles

| g

EERY

e e S

ol

-

UTM Coordinates :

Notes:

SR ‘3:"

e

Dt 20 Corini] < (0w

Rippdun Vel - TR0ES | cndveg

Wi o b ped (ores,

s ke o
N

‘ Yy b

e - A

Drawn By: £ Checked By: 1
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GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

»

Date/Time:__HoV lq)[(ﬁ Weather:_ Sutithy Recorder/Crew: 1475/
Location:_ 51 gk Stream/Reach; UTU €068 (7 Project Code; 097551 #47
Location and Condition of: Instream structures, bivengineering and riparian vegetation.
Legend §_§‘§§f§ketch: ;
Geomorphic Unit
P1 Riffle PS5 Cascade |
P2 Pool P6 Rapid
P3 Run P7 Bedrock cutcrop
P4 Glide P8 Marginal deadwater
Substrate
S1 it S5 Large Cobble Rl - E4 ]
$2 Sand S6 Small Boulder 1 i J P i
S3 Gravel $7 Large Boulder ‘ &&@WV |

S4 Small Cobble S8 Bimodal

Functional habitats

F1 Tree roots F5 Leaf litter BPTU D s
F2 Tree branches FB Mosses 5 z &\ﬁa
F3 Woody debris F7 Macroaigae ! Prfesac iy >‘\ I
F4 Marginal plants F8 Macrophyles o i 4% n "‘s} L ;
Flow Type @ 'Y i\}")(“ g e
He Free Fall N e N
He Chute B _ e N L
H7 Broken Standing Wave - M / 1,( 1 \ | f?-)
FS -

H6 Unbroken Standing Wave
H5 Rippled

H4 Upwelling

H3 Smooth Surface Flow

G
R

H2 Scarcely Peceptible Flow
H1 Standing Water

UTM Coordinates :

Notes:

Drawn By: I Checked By, ___
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GEOMORPHIC SOLUTIONS

/\ NCD Monitoring Rapid Assessment
General Site Characteristics

A\
Date/Time:__bitY . 93 ]5¢ Weather.___ CLo( Recorder/Crew; ]il/! Bl
Location:_MISSISSMICK Stream/Reach:_L' T\ Ciobinde Citgs Project Code;__535 450
l.ocation and Condition of: Instream structures, bioengineering and riparian vegetation.
Legend Site Sketch: ‘ 3 B
Geomorphic Unit N
P1 Riffle P5 Cascade N \
P2 Pool P6 Rapid ki
P3 Run P7 Bedrock outcrop ‘
P4 Glide P8 Marginal deadwater
Substrate
S1 Silt S5 Large Cobble
S2 Sand S6 Small Boulder |
83 Gravel S7 Large Boulder |
S4 Small Cobble S8 Bimodal plendcii
Functional habitats » y i U
F1 Tree roots F5 Leat litter AT A %‘f‘;{ e
F2 Tree branches F6 Mosses . [ ) j%
F3 Woody debris F7 Macroalgae 5 ‘g e !
F4 Marginal plants F& Macrophytes ! N . i F :’y
Flow Type ::g%‘,.;f%“lj L‘fj -
HS Free Fall ___H{iilr‘ 5 ‘%)l’t %f o e
He Chute TR N ‘\lé-_

H7 Broken Standing Wave
H6 Unbroken Standing Wave
H5 Rippled

H4 Upwelling

H3 Smooth Surface Flow

H2 Scarcely Peceptible Flow
H1 Standing Water

UTM Coordinates :

[Notes:

e

T T R ke
Drawn By; |1 CheckedBy: |
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NCD MONITORING PROGRAM
SITE 3 - FONTHILL CHANNEL RESTORATICN

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS- 1?,'? OnUMERES CrOss- Within longtudinal Every ofhier year over the - .
gections instzlled akove . Summer ! Fa
SECTIONS ) profils arsa. monitorng petiod.
bankiull
d - el - =
CEINESTERIRAL :lcu:n;;]-:l?ﬁ:lgqrcﬁle uzin ;EETF-;-':E'?:?:S;F:JTR? EVSry ofer year over the Summer | Fa
PROFILE 8 ' Profiie Lging | sechon frefert monRorng pericd. : :
curvey equisment. mag).
SURFICIAL SEDIMENT Pebble count at cross- | Performed at cross- Every other ysar over the Summer | Fa
CHARACTERISTICS g=ciions sections. maniaring pericd. : '
Rapid Geomaorphic
Azzezsment (MOE =yery other vear over the
RAPID ASSESSMENTS 2003) and Rapid Stream| Emfire project arsa. - 1" =t year CuEr Summer | Fa
N X 3 monitoring period.
Azzezsment Technigue
Galli 1598).
Obkzervation-oased = T o
SUB-REACH MAP mapping of project area | Emfire project arsa. _ver?- Ot yEar over the Summer | Fa
monitoring period.
on standard forms.
Taksn at each crose-
PHOTOGRAPHS FROM [t e | Everyoter vear over
FIXED VANTAGE documentation of ' r_cugpl:uu:.{nmje-: ""E”f' v i =t !':‘7'3 rd-::-v-.:r e Summer | Fa
POINTS project a'-aa_i duding Monitorng petiod.
uzatream and
downsiream extents.
Inztallation of erosion netaled at Ewvery other year over the
BANK EROSION PINS S - permanent crosg - T SF YT DVt Summer | Fa
pins. sections monitorng petiod.

AQUATIC HABITAT

IN-STREAM HABITAT - G - n ;
ASSESSMENT Instream habkitat to be evaluated using fluvial geomaorphology data.

FISH COMMUNITY

SPECIES INVENTORY Ll;:rrﬁi:;ﬁg‘ish community targets known at this fime. Monidorng of this parameter to be
L =
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 3 — FONTHILL CHANKEL RESTORATION

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site iz less than 1000m in length, thersfore no water quality monitoring is recommended

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAM AREA / Wigual ingpection of
RESTORATION riparian vegetation and | At channel cross- Every other year over the
PLANTING Line Intercept Tranzects | sections. moRiorng petiod.

ASSESSMENT (Harris 2005).

Summer

ENGINEERED / BIOENGINEERED ELEMENTS

Visual qualitative
aszsgsment and
VISUAL ASSESSMENT phc:cg-aphiF . Entirs project arsa. Every other yEar aver the Summet
documentation of monioring pericd,
siructural and
vegelation comgonents.

SOCIAL / CULTURAL ELEMENTS

OPINION SURVEYS Mo opinion survey iz recommendsd a8 the 548 is not in a high public-uss arsa.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment

e General Site Characteristics

DataTime:_ MoV 14 = Weather___ o RecordarCrew__ 1T (%)

Locaiion:_ VYUl StreamPeach: T i (#3) 197 Project Code: 05351 457
Locstion and Condition of: Instream structures, bioenginesring and riparian vegetation.,
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Flow Type
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UTM Coardingtes : pde i
Motes: N ks
Mo ot EIRD At RGO €MD -, fate
o WOROP ik WARET) DI
LAfEs BORERT ool Rt TReETIR

W
=T -

i

el R I T e |
' o
B =TT R TR Sy g 17

T

ki s e YRR

MUADTESMPRED TS -
pipeey ETRepel Fund Boaneradt
B et i o)

= o ':f‘E .F,.-I_ .
' ' Drawn By: V1 Checked By: ____

- | £ n
i :nljl‘l"-lr :“p'i'ﬁ:l"f' 13 L300 e

YA I b ey
] - Ao m b eats SRS
g LA hmdd I-f-:J!J“-r et <

& i " i - o a5 Raaen A ER T L ek

Final Report Page E8



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment

General Site Characteristics

DiateTirne:; v H!“'; Weater__ CUBEY RecaroenCrew: 'tiﬂ'?:hj
Location:__t PE¥ BT StreamBsach FWTHL (WenE () 293 project coder__ 05251 4%
Location and Condition of; Instream streciures, bloengineering and riparian vegelatisn.
Legend Site Sketch:
Geamarphic Unkt A
o Eia PR Mammde H "
P2 Pool P& Rapid e | !
Pa Aun F7 Bedmck aulcrop | ﬂf W
Fa Lilige Po Mgl deesmata | | | "'rﬂ‘_:.
Subsirale i !
51 Sih 55 Large Cobble -
52 Sand &5 Small Boulder 1 jri"ﬁ' _'
53 Gravel &7 Large Boukder 1 qij
=4 Small Cobole 53 Bimadal 2L T
Functional habitats I o
Fi1 Tree roois F5 Leal fiter R
e TreE Diammdns [ — i“‘“ [’I;:tj_'._:_

F3 Woody dabris F7 Macmalgas
F4 Marginel plants Fa Macrophytes
|Flow Typa ! S
Ho Free Fall . -;-;!.f: ..
Ha Chute i
H7 Broken Standing Wave |
HE Unbroken Standing Wave i1
15 Figpled
Ha4 Upweling !
H3 Smooth Surface Fiow
HE EScarcaly Peoeplible Flow _
Hf Standng Waler Lo W oy
LTM Coordinstes : [ :

Notes: L

Drawn By: ¥ Checked By:
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

Weather; Gipeo

RecordanCrew:

Straem/Fleach: I (s ($3) 305 Project Code:;

Ve o)

Ay e
(5355 Ase

Locatien and Condition of: Instream strectures, bisengineering and riparian vegetation,

DateTime:_ MOV 14 ¢
Location: | Willii s

Luyrnnd
Geomarphic Unit
P1 Aiflle PS5 Cascade
P2 Pool P& Rapid
P2 Aun F7 Badrock cutcrop
P4 Glide Fa Marginal deadwater
| Substrate
51 Gl 55 Lange Cobble
52 Sand 58 Sl Bouldes
53 Gravel 7 Large Boulder

54 Small Cobble 58 Bimadal
Functional habitals

F1 Tree roats F& Leal liter
F? Tree hranchas F& Mosses

F3 Woody detiis F7 Macroalgae
F4 Marginal planis F& Macrophyies
Flurwy Ty

H% Free Fall

HE Chute

H7 Broken Standing Wave
HE Unbrakan Standing Wave
HE Rippled

H4 Upwiding

Ha Smoath Surface Flow

HE Scarcely Pecaptibla Flow
H1 Standing Waler

UTM Coordinates :

Hotes:

Drawn By: (7 Checked By:

Phes 2
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 5 - HIGHLAND CREEK

MONITORING MEASURE ~ METHOD

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT

CHARACTERISTICS

RAPID ASSESSMENTS

SUB-REACH MAP

PHOTOGRAPHS FROM

FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

SPATIAL SCALE MONITORING FREQUENCY TIMING
10 monumented cross- - .
L Within longitudinal Every other year over the
sections installed above 2 : Summer / Fall
profile area. monitoring period.
bankfull.
Monumented 400m representative
- . . . Every other year over the
longitudinal profile using | section (refer to site 5 . Summer / Fall
. monitoring period.
survey equipment. map).
Pebble count at cross- | Performed at cross- Every other year over the
. . 2 . Summer / Fall
sections. sections. monitoring period.
Rapid Geomorphic
Assessment (MOE Every other year over the
2003) and Rapid Stream| Entire project area. 1y other ye Summer / Fall
. monitoring period.
Assessment Technique
(Galli 1996).
Observation-based
. . . . Every other year over the
mapping of project area | Entire project area. S iod Summer / Fall
on standard forms. menitoring period.
Taken at each cross-
Photographic section and
grapn throughout project Every other year over the
documentation of ; . 2 : Summer / Fall
. area including monitoring period.
project.
upstream and
downstream extents.
Installation of erosion Installed at Every other year over the
. permanent cross 2 . Summer / Fall
pins. : monitoring period.
sections.
Instream habitat to be evaluated using fluvial geomorphology data.
No specific fish community targets known at this time. Monitoring of this parameter to be
determined.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 5 - HIGHLAND CREEK

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

In situ measurement of | Upstream, within and

WATER CHEMISTRY basic water chemistry downstream of the Ever_y o_therye_arover the Summer

. monitoring period. (baseflow)

parameters. project area.
. .| A characteristic
BENTHIC MACRO- gfrzgi: i;;::;m%:ttano segment of the project| Every other year over the Summer
INVERTEBRATES P area (refer to site monitoring period. (baseflow)
rotocol.
map).

RIPARIAN CONDITIONS
RIPARIAN AREA / Visual inspection of
RESTORATION riparian vegetation and | At channel cross- Every other year over the Summer
PLANTING Line Intercept Transects | sections. monitoring period.

ASSESSMENT (Harris 2005).

ENGINEERED / BIOENGINEERED ELEMENTS

Visual qualitative
assessment and
photographic
documentation of
structural and
vegetation components.

Every other year over the

I : Summer
monitoring period.

VISUAL ASSESSMENT Entire project area.

SOCIAL / CULTURAL ELEMENTS

OPINION SURVEYS No opinion survey is recommended as the site is not in a high public-use area.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS w r
NCD Monitoring Rapid Assessment

General Site Characteristics

Date/Tee: OV 1[5 C Westher__ ity Recorder/Craw:__ T |ord
Location: (P f0F0UA- Stream/Flaach: HIGH\HD (PEEY (*5}-' | ProjectCode. (535149

Locatien and Condition of: Insiream structures, bioengineering and riparian vegetation.

Legend [stesketch: B

Geomorphic Unit AT O B
F1 Pl F3 Semae . -
P2 Paal P& Rapid i
P3 Aun P7 Bedrock oulcrop
P4 Glide P& Margnal deadwaler
Subsatrate
51 Siit 55 Large Cobble
52 Sand 56 Small Boulder
=3 Geaval 57 Large Boulder

S0 Saal Cubble 50 Dimodal
Functional habitats

F1 Tree rools F5 Lizal liter
F2 Tree branches F& Mosses

F3 Woody debris FT Macroalgae
F4 Marginal plants F8 Macrophyles
Flow Type

H& Free Fall

H& Slhwic

H7 Broken Standing Wave
Hé Unbreken Standing Wave
H5 Rippled

H4 Upwalling

H3 Smooaih Surlace Flow

H2 Scarcely Peceptibla Flow
H1 Standing Water

UTH Coardirmion o

Notes: ]
| T pels —
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS W‘I
NCD Monitoring Rapid Assessment

General Site Characteristics

DateTme_ MOV 1105 Weather, SN Recorden/Craw,___¥1 [Bid B
Locafion:_CLAPSORO0EE Siream/Reach: i) (R o Project Gode:_ 05351 40
Lecation and Condition of: Instream structures, bicenginesring and ﬂpnriﬁ vegetallon.
Legend SieShatch: LT :
Geomaorphic Unit i i
P1 Ritfle PS5 Cascade
P2 Pool P& Fapid
P3 Aun PT Bedrock cutcrop
M4 Cilide PE Mtarginal deadwatar
Substrate
51 Silt 85 Large Cobble
52 Sand 56 Smal Houder
53 Gravel &7 Large Boulder

S4 Smal Cobble 58 Bimodal
Funclicnal habitats

Fi Tree rools F& Loaf liner
e Troo branshoa F& Mrooos

F3 Woody debris F7 Mecroalgas
F4 Marginal plants FB Macrophytes
Flew Type

HA Fres Fal

Ha Chustie

H7 Broken Standing Wave
HE Unbroken Standing Wiave
HE Ripplad

H4 Upwalling

H3 Smaath Surtaca Flaw

M Scarcaly Peoepibly Fluw
H1 Stending Waber

UTM Coordinates :

Hotes:

fengeat T ' _

Drawn By: Y5 Checked By: ___

1T 07
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GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

wf

H7 Braken $tanding Wave
HE Uniroken Standing Wave
HE Rippled

H4 Upseelling

H3 Smoath Surace Flow
H2 Searcely Pecepible Flow
H1 Standing Water

DatefTime: yﬂﬂ ﬁ% I_‘F'{ Weather; ‘;UNIH' RecordenCraw: ﬁrfg”
Location; S MEoUbH StrsamReach: e (8 (¥5) [ Project Code:__ (/5 35%.45D
Location and Condition of: Instream structures, bisengineering and Hiparian vegetation,
Legend Site Skefch: ¢ : § 2 i !
Geomarphia Unit A
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F2 Pool PE Rapid
P3 Aun FT Bedrockoulcrop | |
P4 Glide Pt Marginad deadwaten| | C e s TR il e TR
Sl.lil‘tl‘ﬂﬂ ........
g1 St 55 Large Cobble
52 Sand 56 Small Boulder
53 Gravel 57 Large Boulder )
5S4 Small Cobble 58 Bimodal
Functiohal habitats
Fi Troe roots FS Loat lter TR IR e e AN
rz Tiew el I T — i
F3 Woody debris F7 Macroalgae
F4 Marginglplaniz  F8 Macrophyles
FlowType e
He Fregfar | ER I ST S W
HE Chute 1%

T Coordinates : _
Notes:

T
et
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

SEOMOSDHIC SOLUTIONS m P
NCD Monitoring Rapid Assessment
General Site Characteristics

DateTimar__ B0 71 ]jﬂ. Weathar___ S+ _ RecordanCrew: fer few
Location: SCAEEIRIIE Suaamﬂeach;w{\#ﬂ&_ Project Code:_ (15351 457
Lecation and Cendition of: Inatrasm structures, bioengineering and riparian vegetation.
Legend SiteSketch: - e (9
Geomorphic Unit BT VIR <o e o O : B —
P1 nnnamm P5 Cascads % o e M TN
Pz Poal P& Rapid DT
F3 Aun F7 Bedrock oulcrop 0 £ U S
P4 Glda P8 Margnal deadwiler . —i
Subsirate
51 Eilt 88 Large Cohhiks
52 Sand 56 SmallBoulder | | 10
53 Gravel &7 Large Bouldar

54 Smal Cobble S8 Bmodat d b
Functional habitats b

F1 Tree rools F5 Leal lifter iy

F2 Tree branches F& Mosses |

F3 Woady dabris F7 Macroalgas

F4 Marginal plants FR Macrophylas

FlowType 1 L
HE Free Fall

He Chute

H7 Broken Siending Wave
HE Unbroken Sending Wave
H5 Hipphed

Hd Upwelling

H3 Smnoth Suriace Flow

He Scarcely Peceplible Flow
H1 Standing Water

LFI K LOOrminases -

rirkiegams Bt ! MY i
H | e
Yo St

Drawn By: KT CneckedBy:
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GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

WP

F2 Tree branchas F& Mosses

F3 Woody debris F7 Macmalgae
F4 Marginal plants F& Macraphytes
Flow Type

HE Frae Fall

rip Gl

H7 Broken Standing \Wave

HE Unioroksn Standing Wave

HE Fippled

H4 Upweling

Ha Smooth Surace Flow

H2 Scarcely Pecoplible Flow

H1 Standing Waler

UTM Coordinates &

NistaTena_ MOV 12| 65 Weather: S Recorden/Crew: 147 [Bi/
LNEHI:IEW StreamPaach: Ha' Ul UEHE"S}!L Project Code:__ o 457
Lmunn;id Condition of: Instream structures, bloengineering and riparizn vegetation.
Legand Site Sketch: | : - S WO T WO WO I S I
Geomorphic Unit
F1 Hime F2 Cduadhs
P2 Poal PE Fapid
P3 Hun P7 Bedrock outcrop
P4 Ghde Pe Marginal deadwater
|Substrate
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53 Gravel 57 Large Bouldar
54 Small Gobule S8 Bimodal
Functional habitats
F1 Tree mols F5 Leal liter
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GEOMOR~AHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

Oate/Time:_ W 128 Weather,___ SuiY RecordenCrew,___tr[omd

Location:__ Scr0@nH Seream/Reach: WWWWI'%“."\H_ Project Code;___ ER561490
Legend

Geomorphic Unit

P1i Fiffie PE Cascade

Pz Poal P& RAapid

P3 Fun PT Bedrock sulcrop

P4 Glige PE Margnal deadwater

Suhstrate

51 Sl 55 Large Cobble

S2 Sand 56 Small Boulder

53 Gravel 57 Large Boulkder

54 Small Cobble 56 Bimedal

Furnckamel aldiols

F1 Tree oot F5 Leat likar

F2 Tree branches F& Mosses

F3 Woody dedbris F7 Macroalgae
F4 Marginal plants Fa Macroghytes
Flaw Typs

Ha Free Fal

Ha Chute

M7 Eroken Standing Wave
HE Unbroken Standing Wave
HE Rippled

Hi Upwealling

H3 Srnooth Surlace Flow

H2 Scarcely Peceplible Fiow
H1 Standing Water
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GEOMURFHIC SOLUTIONS
NCD Monitoring Rapid Assessment

= General Site Characteristics

Date/Time:__ 404 1 al -
L nrafinn”, SM

Weather___ Sntr{

Recordanirew,

SreamReach: e Esd f# | ! !

Project Code:

pa e
pysL 4T

Location and Condition of: Instream structures, bioengineering and riparian vegetation.
Legand |

Geomorphic Unit

She Shech: |

P1 Riffle
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P4 Glide
Substrate
51 S

PS5 Cascade

P6 Fapid

P7 Badrock aulcrop
PE Margnal desdwaber
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52 Sand 56 Small Boulder B s
53 Gravel 57 Large Bealsar LB I -
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UTM Coordinates : 1 "m_ .. LAUNN Ly L L L
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NCD MONITORING PROGRAM
SITE 6 - LITTLE ROUGE RIVER

MONITORING MEASURE

METHOD

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

SPATIAL SCALE

MONITORING FREQUENCY

TIMING

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

RAPID ASSESSMENTS

SUB-REACH MAP

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

10 monumented CTOSS™ | \Within longitudinal Every other year over the
sections installed above e ! Summer / Fall
profile area. monitoring period.
bankfull.
Mcn_um(_anted . Entire project area Every other year over the
longitudinal profile using 2 . Summer / Fall
. (200m). monitoring period.
survey equipment.
Pebble count at cross- | Performed at cross- Every other year over the
; ) M ! Summer / Fall
sections. sections. monitoring period.
Rapid Geomorphic
Assessment (MOE Every other year over the
2003) and Rapid Stream| Entire project area. fy omner ye: Summer / Fall
. monitoring period.
Assessment Technique
(Galli 1996).
Observation-based
. . . . Every other year over the
mapping of project area | Entire project area. o . Summer / Fall
monitoring period.
on standard forms.
Taken at each cross-
Photographic section and
graphi throughout project Every other year over the
documentation of ; . b i Summer / Fall
. area including monitoring period.
project.
upstream and
downstream extents.
Installation of erosion Installed at Every other year over the
. permanent cross M . Summer / Fall
pins. : monitoring period.
sections.
Instream habitat to be evaluated using fluvial geomorphology data.
No specific fish community targets known at this time. Monitoring of this parameter to be
determined.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 6 — LITTLE ROUGE RIVER

MONITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING
WATER QUALITY

In situ measurement of | Upstream, within and Everv other vear over the Summer
WATER CHEMISTRY basic water chemistry downstream of the y omner ye:

. monitoring period. (baseflow)
parameters. project area.
. .| Acharacteristic
BENTHIC MACRO- gfrzgc:: ﬁsosfel:semi:ltano segment of the project| Every other year over the Summer
INVERTEBRATES P area (refer to site monitoring period. (baseflow)
rotocol.
map).

RIPARIAN CONDITIONS
RIPARIAN AREA / Visual inspection of
RESTORATION riparian vegetation and | At channel cross- Every other year over the Summer
PLANTING Line Intercept Transects | sections. monitoring period.
ASSESSMENT (Harris 20095).

ENGINEERED / BIOENGINEERED ELEMENTS

VISUAL ASSESSMENT No engineered or bioengineered elements were identified at this site.

SOCIAL / CULTURAL ELEMENTS

OPINION SURVEYS No opinion survey is recommended as the site is not in a high public-use area.
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75

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment

General Site Characteristics

DatefTime:__ MoV, it fos

Location: (Ukao Probeert | 1RRHpe]

Weather.
Stream/Reach; LTTLE R0 piveid

foy

Recorder/Crew:

e [

Project Code;__ 05%52.457

F7 Macroalgae
F8 Macrophytes

F3 Woody debris
F4 Marginal plants
Flow Type

H9 Free Fall

H8 Chute

H7 Broken Standing Wave
H6 Unbroken Standing Wave
H5 Rippled

H4 Upwelling

H3 Smooth Surface Flow

H2 Scarcely Peceptible Flow
H1 Standing Water

Legend
Geomorphic Unit
P1 Rifile P5 Cascade
P2 Pool P6 Rapid
P3 Run P7 Bedrock outcrop
P4 Glide P8 Marginal deadwater|
Substrate
S1 Silt S5 Large Cobble
52 Sand S6 Small Bouider
S3 Gravel S7 Large Boulder
S4 Small Cobble S8 Bimodal
Functional habitats
F1 Tree rools F5 Leaf litter
£2 Tree hranches F6 Mosses

Location and Condition of: Instream structures, bloenglneermg and riparian vegetatinn

UTM Coordinates :

Notes:
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NCD MONITORING PROGRAM
SITE 8 - BURDENET CREEK (BERCZY VILLAGE)

MONITORING MEASURE

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

RAPID ASSESSMENTS

SUB-REACH MAP

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING
10 monumented €105~ | \ithin longitudinal Every other year over the
sections installed above 2 ! Summer / Fall
profile area. monitoring period.
bankfull.
Monumented 200m representative
- . . . Every other year over the
longitudinal profile using | section (refer to site 2 ! Summer / Fall
. monitoring period.
survey equipment. map).
Pebble count at cross- | Performed at cross- Every other year over the
; . 2 . Summer / Fall
sections. sections. monitoring period.
Rapid Geomorphic
Assessment (MOF Every other year over the
2003) and Rapid Stream| Entire project area. fy other ye: Summer / Fall
. monitoring period.
Assessment Technique
(Galli 1996).
Observation-based
! . . . Every other year over the
mapping of project area | Entire project area. s . Summer / Fall
monitoring period.
on standard forms.
Taken at each cross-
Photographic section and
graphi throughout project Every other year over the
documentation of ; . 2 : Summer / Fall
. area including monitoring period.
project.
upstream and
downstream extents.
Installation of erosion Installed at Every other year over the
X permanent cross 2 . Summer / Fall
pins. ! monitoring period.
sections.
Instream habitat to be evaluated using fluvial geomorphology data.
No specific fish community targets known at this time. Monitoring of this parameter to be
determined.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM

SITE 8 - BURDENET CREEK (BERCZY VILLAGE)

MONITORING MEASURE  METHOD

SPATIAL SCALE

MONITORING FREQUENCY TIMING

WATER QUALITY

In situ measurement of
basic water chemistry
parameters.

WATER CHEMISTRY

Upstream, within and
downstream of the
project area.

Every other year over the
monitoring period.

Summer
(baseflow)

Section 2 of the Ontario
Stream Assessment
Protocaol.

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA /
RESTORATION
PLANTING
ASSESSMENT

Visual inspection of
riparian vegetation and
Line Intercept Transects
(Harris 2005).

ENGINEERED / BIOENGINEERED ELEMENTS

Visual qualitative
assessment and
photographic
documentation of
structural and
vegetation components.

VISUAL ASSESSMENT

SOCIAL / CULTURAL ELEMENTS

OPINION SURVEYS

Opinion surveys.

Two segments of the
project area (refer to
site map).

At channel cross-
sections.

Entire project area.

Entire project area.

Every other year over the
monitoring period.

Every other year over the
monitoring period.

Every other year over the
monitoring period.

Once during the monitoring
period.

Summer
(baseflow)

Summer

Summer

Summer
(fair weather)
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS

NCD Monitoring Rapid Assessment

General Site Characteristics

Datemme:_ﬂmé_iﬁ—
Location: YWHW \

Weather:

ALK

| gy

Recorder/Crew:

Stream/Reach; bRV (¥ (¥) | of® Project Code;__ {5591 .457

S4 Small Cobble S8 Bimodal

Functional habitats
F5 Leat liter
F& Mossco

F1 Tree roots

F2 Tiee branches
F3 Woody debris
F4 Marginal plants
Flow Type

Ho Free Fall

H8 Chute

H7 Broken Standing Wave
H6 Unbroken Standing Wave
HS Rippled

H4 Upweliing

H3 Smooth Surface Flow

H2 Scarcely Peceplible Flow
H1 Standing Waler

F7 Macroalgae
F8 Macrophytes

UTM Coordinates :

io_tgs:

| ey R YOS O CRGSH
T j MOST OF (ifpaine

ComITNG 10 Saor SpefE Pl

L jon and Condition of; Instream structures, bloengineering and riparian veg 1
Legend SteSketch: /= ) - —

somorphic Uik : ) - ; SNH 'FGND SFUSIUR YIS SRS SRR S SRS SO S
P1 Ritfle PS5 Cascade | } . T
P2 Pool P6 Rapid
P3 RAun P7 Bedrock outcrop
P4 Glide P8 Marginal deadwater
Substrate
S1 Silt S5 Large Cobble
52 Sand 56 Small Boulder
83 Gravel 57 Large Boulder

Final Report

Page E25



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

Daterime,__ MOV 14 hﬁ Weather___ SUNNY Recorder/Crew: lér!ﬁlr"
Location;_ AR¥MA Stream/Reach: BUEMRET (f€¢ (*f’)h 673 Project Code:
Location and Condition of: Instream structures, bioengineering and rlparlan: getation.
Legend ﬁlte_S_I_l_e_tch:
Geomorphic Unit §
P1 Riffle PS5 Cascade
P2 Pool P& Rapid
P3 Run P7 Bedrock oulcrop
P4 Glide P8 Marginal deadwater|
{Substrate
S1 Silt S5 Large Cobble
S§2 Sand 56 Small Boulder
S3 Gravel S7 Large Boulder

5S4 Small Cobble S8 Bimodal
Functional habitats

F1 Tree roots F5 Leat litter
F2 Tree branches F& Mosses

F3 Woody debris F7 Macroalgae
F4 Marginal plants F8 Macrophytes
Flow Type

Hg Free Fall

HE Chute

H7 Broken Slanding Wave

HE Unbroken Standing Wave
H5 Rippled

H4 Upwelling

H3 Smooth Surface Flow

H2 Scarcely Peceptible Flow
H1 Standing Waler

UTM Coordinates :

Notes;

TheE T
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

N>
Date/Time:___NO¥ 14 f s Weather.___ JUNNY - Recorder/Crew: KT (B
ik
Location; VAR AV Stream/Reach; BN DENET G20V ($2) pest oge:
tocation and Condition of: Instream structures, bioeagi;eeﬁng and riparian vegetation.

Legend Sit
Geomorphic Unit
P1 Riffle P5 Cascade
P2 Pool P& Rapid
P3 Run P7 Bedrock outcrop
P4 Glide P8 Marginal deadwater
Substrate
S1 Silt S5 Large Cobble
S2 sand S6 Small Boulder
S3 Gravel S7 Large Boulder

S4 Small Cobble S8 Bimodal
Functional habitats

F1 Tree roots F5 Leaf litter
F2 Tree branches F& Mnsses

F3 Woody debris F7 Macroalgae
F4 Marginal plants F8 Macrophytes
Flow Type

H9 Free Fall

H8 Chute

H7 Broken Standing Wave
H6 Unbroken Standing Wave
H5 Rippled

H4 Upwelling

H3 Smooth Surtace Flow

H2 Scarcely Peceptible Flow
H1i Standing Water

UTM Coordinates :

Notes:

bfawn By:___ Checked By:‘;
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 9 - NEWWESTMINSTER CREEK

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY

FLUWAL GEOMORPHOLOGY

10 monumenied cross- | e - _
CHANNEL CROSS- e Within longitudinal Every ather year over the -
SECTIONS sections insialied shove orifle area. MoNtorng period. Summer /72
bizrihull.
LONGITUDINAL Miraumenied 200m representatve Every other vear over the
PROFILE lomgitudingl profile using | sechion (refer o site ;m:-{l:u-n }:r;a:r: Summer [ Fa
sureey equiprment. mag) g R )
SURFICIAL SEDIMENT Pebicle count at crosg- | Performed at cross- | Every other vear over the Summer | Fa
CHARACTERISTICS seclions. zectons montonng period. '
Fapid Geomonghic
Azzzzzment (MOE _— I
I U el 2007 and Ragid Sream| Entre project area ;]*:l”_'{’::f”;e’ b e | cymmer 72
Azszszment Techrigue ngE )
[zl 1296).
Cezervation-sassd Furs = =r
mapping of project area | Entre project ares ;].;.:-{-:lnﬂer ﬁ;ﬁh the Summer ! Fa
on slandard formes. ng g )
Taken at each cross-
: section and
PHOTOGRAPHS FROM gl 1 b . Coe - .
FIXED VANTAGE documentation of hroughoud sroject | Every oher year overthe | oo
POINTS — area including Montong period.
: upsiream and
downsiream exients.
: o . Inztzlled at —_— - -
BANK EROSION PINS : .S.'E'IE":' of erosion pEfMManent cross "'”'{' other yedr ovs the Summer [ Fa
pires. sections monionng period.
AQUATIC HABITAT
IN-STREAM HABITAT I et ) e m iy .
ASSESSMENT Imstream habiat io be evaluzted using fuvisl geomorphology data.
FISH COMMUNITY
SPECIES INVENTORY Llft:rnr?mg figh community targete known at this time. Monitoring of this parameter to ke
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 9 - NEW WESTMINSTER CREEX

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site i less than 1000m in length, thersfone no water qualily monitoring is recommended

BENTHIC MACRO-
INVERTEERATES

RIPARIAN CONDITIONS

RIPARIAN AREA [ Visuzl inspaction of
RESTORATION riparian wegetation and | AL channel cross- Every ather year ower the
PLANTING Lire Intercept Transects | sections mantorng peniod.

ASSESSMENT (Harriz 2005).

Summer

ENGINEERED [ BIOENGINEERED ELEMENTS

VISUAL ASSESSMENT Mo enginzsred or bioenginesred clements were idendified at this sits

SOCIAL | CULTURAL ELEMENTS

Mo opinion zurvey i recommendead az the =22 iz notin 3 high publc-uss arss
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DateTime:_0 '.III'-".- Wegsther  THETUE S| RecorderiCrew: rf_-rI!I,gh'
Location:_VhlfHz! Streamleach: ITW LETHIEE (R0t #4)  Proect Code: (51 ACT

Location and Gondiion of: Insiream structures, bicenginesring end riparisn vegetation,

feane gy oot

Geomorphic Unit o s Tn
P Fie PS5 Cascade ; o b
e PT Becrock culece R $e8i0 s,
M4 Clhide P& Marginal doadvabor| :
Substrate
21 St 55 Large Cobble

Sand E& Smal Boulder
53 Gravel &7 Large Boulder
£2 Small Cobble 38 Bimodal
Functional habitats
F1 Tree mals F5 Leaf litier
F3 Trog krancheo [ = T AE——

F3 ‘Woody debris F7 Macroalgas
F4 Margnal plasts  FB Macrophytes

HE Chale
H7 Broken Standing Wave

HE Unbrokien Standing Wave

HE Fiooled

Hi Ligwelling

H3 Smoalh Surlsce Flow

M2 Sesaly Fuaplitshe Fluw

H1 Standing Walar

UTM Coordinates -

Hiobas:

I L A i T
|- i e it GRS TR

Dra;n&;:_l,r'_-_'_, Checked By: ___

-

1+ '.LI -_,:' . |n|:|_4-' li_l =M L-'.:.-.I- ll-“ r+ s

Final Report Page E30



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 10 - ROBINSON CREEK

MONITORING MEASURE METHOD

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

SPATIAL SCALE

MONITORING FREQUENCY TIMING

SURFICIAL SEDIMENT
CHARACTERISTICS

RAPID ASSESSMENTS

SUB-REACH MAP

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

10 monumented cross- | ... . _
BEE[i:ZMS netalled above Within longitudina Every other year over the Summer | Eall
bankful - profile area. maonitoring period,
L=} .
Monumented 200m representative Every other vear over the
longitudingl profile uzing | section (refer to site =wery oinery Summer | Fall
survey equipment map) monitorng period.
Febkle count &t cross- Performed at cross- Every other year over the Summer | Eall
zections. gections. manrtonng perod.
Fapid Geomorghic
Assessment (MOE Every other year over the
2003) and Rapid Stream| Enfire project area. =wery oner’y Summer | Fall
Azzezzment Technioue manitoring period.
{Gall 1996).
Chservation-based Everv other vear over the
mapping of project area |  Enfire project area. —wery olner y Summer | Fall
on standard farme monitorng period.
Taken at each cross-
. gection and
Photographic throughout project Every other year over the
documentation of o . - . Surnmer | Fall
roiect area including monitorng period.
project. upsiream and
downstream extents.
-, . Inztalled at -
Installation of erosion ermanent Cross Every other year over the Summer | Eall
pins. e monitorng period.
sections.
Instream hakitat to be evaluated using fluvial geomorphology data.
Mo specific fish community targets known at this time. Monitoring of this parameter to be
determined.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 10 - ROBINSON CREEK

MONITORING MEASURE METHOD

WATER QUALITY

WATER CHEMISTRY

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA [ Vizual mspaction of
RESTORATION fipanan vegatation and

PLANTING Ling Intercent Tranzecis
ASSESSMENT {Harrig 2003).

ENGINEERED | BIOENGINEERED ELEMENTS

Yizual qualitatie
assessment and
photographic
documentabon of
structural and
vegetation compansnts.

VISUAL ASSESSMENT

SOCIAL / CULTURAL ELEMENTS

OPINION SURVEYS Cpinion surveys.

SPATIAL SCALE

At channel cross-
sections.

Entire project arsa.

Entire project area.

Site 15 less than 1000m in length, therefore no water quality monitoring is recommended.

Every other year over the
manrtaring pernod.

Every other year over the
manrtonng penod.

period.

Onece dunng the monitoring

MONITORING FREQUENCY TIMING

Summer

Summer

Summer
(fair waather)
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

SECOMOIPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

namN-M. Weather: @M AecordenCrew; ||5£T] ol

Location:__ VARCHA Streammeach: Wl () 12F% Project Code:__ (5350 4%
Lecation and Condition of; Instream structures, bicengineering and riparian vegetation.
Legend §itq smm i

Geomorphic Unit

F1 Hine [t R L

P2 Pool P68 Rapid

P3 Aun F7? Bedrock oulcrop
P4 Glide P8 Marginal deadwaler
Substrate

G Gil 55 lLarpe Cobble

52 Sand 56 Small Boulder

53 Giravel 57 Large Boulder

54 Small Cobble 58 Bimedal

Functional hebitats

F1 Tree roots FE Leaf liner

F2 Tree branches F& Mosses

F3 Woody debris F7 Macroalgas

F4 Marginal planis F& Macrophytas

Flow Type

H3 Frea Fall

o Cliuie

|H7 Broken Standing Wave

H& Unbroken Standing Wave

H5 Rippled

H4 Upwelling

H3 Smaooth Surface Flow

H2 Scarcely Pecapiitie Flow

Hi Standing Waler

LT Coordinatos :

[Notes:

| Cpfiu (¥ RFRE SECTp

R R idETmor (s ) |

Mgt WETUAPE femail ERETRTD__|
i (A OF GRAGE . O U O S

Cpefe WETUMD FEPAURES (AD|TRNERIGHPALE

o SuRpouine 6, EYCERT R

| atm BEV
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DeterTime: MV _14 I’; Weather,___ 7+ Racorder Grew: ‘ld-lﬁr‘
Location;_ Y¥ijan  sysamBeacn_WINER (B0) 1D prgectcoser 11 460
Location and Condition of: Instream siructures, bloengineering and riparian vegetation.
Lagend Site smih;/ % —RNET
Geomorphic Unit ot - '{}'_ ) s-lhh é!r pf
F1 RAile F% Gaseads RS Y N P Lyl PEXA
P2 Pool P& Rapid \
P3 Run P7 Bedrock oulcrop
P4 Glide P& Marginal deadwaler
Substrate
S1 Sit S5 Large Cobble
S2 Sand 56 Small Boulder
53 Gravel 57 Large Boulder
54 Small Cobble SE Bimodal
Functional habitats
F1 Tree fools F5 Leaf liter
F2 Tree branches F& Mossas
F3 Woody debris F7 Macroalgae
F4 Marginal plants F& Macrophytes
Flow Type
HS Free Fall
HE Chuto

M7 Broken Standing Wave
HE Unbroken Standing Wave
H5 Hippled

H4 Upwelling

H3 Smooth Surtace Flow

H2 Scarcely Peceptible Flaw
H1 Standing Water

LITH Conrdinaisee -

| Notes:

_F\‘ﬂﬁ_ﬁ[smiu’_

| e ml'ﬁtﬁ ]

1

T 1
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

EEOMOIDHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

W:M:Mi_F Westher SUNY _ RecorderCrew: WJ"‘-“]

Location; | R  SireanReach:_MQER fe) 393 Project Code: 05357 450
Lecatlon and Condition of: Instream structures, bleengineering and riparian vegetation.
Legend ESne Skefch: :

Geomotphic Unlt

F1 Riffle PE Cascaoe

P2 Pool Pa Rapid

P3 Run P7 Bedrock oulcrop
P4 Glide P& Marginal deadwater
Substrate

o1 ik SE Large Cakhls

52 Sand 56 Small Boulder

53 Gravel 57 Large Boulder

54 Small Cobble S8 Bimodal
Functional habitats

F1 Tree rools F5 Leaf litter
F2 Tree branches F& Mosses

F3 Woody debris F7 Macroalgae
F4 Marginal plants Fo Macrophyles
Flow Type

H3 Fres Fall

HE Chuta

H7 Broken Standing Wave
HE Unbrokan Standing Wave
H5 Ripplad

Ha Upwelling

H3 Smoolh Surface Flow

H2 Scarcely Pecoptible Flow
H1 Sianding Water

UTH Coordingies .

| Noles:

pupmdeh®
o ) oL B MRS
TRVE

Drawn ég.r: _Ld_f Checked By

Tk %
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 114 - MILLER CREEK REACH &

MOMITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY

FLUVIAL GEOMORPHOLOGY

10 monumenied cross- | L. - -
CHANNEL CROSS- s Withim longituginal Every ather year ower the _
SECTIONS seclions inaled skove orofle ared. montoning period. Summsr /P2
bizrihull.
Menumeried 400m representative | _ _ .
m&'m" lomgitudingl profile using | section [refer to site ;1';‘:'{'3':',?11&' 3;;3:;&# the Summer [ Fal
survey eguipment. misg) OrnG FEnos.
SURFICIAL SEDIMENT Pebkle count at cross- | Performed af cross- | Ewvery other year over the Summer | Fa
CHARACTERISTICS sections, sectione MonSorng period. '
Rapid Geomomphic
Azszszment (MOE Eue = =r
FTN IS S Bl 2007) and Rapid Stream|  Entire project area ;]“:;'{’D'fﬁe' b the | cummer/Fa
Azszszment Techrigue gk )
(Galli 1288).
Observationoassd - I
mappirg of project area | Entre project ares ;1';”:{';'23' :’;?::f"“ the Summer | Fal
on slamdard formes. g E )
Taken at 2ach cross-
) section and
PHOTOGRAPHS FROM S+ 1 N . - - ..
FIXED VANTAGE documentation of '“’”'Q*EL;.WJM Every ot yEar overhe | o remer / Fa
POINTS project ared including moniorng period.
: upsiream and
downsiream exients.
) o . Imetalled at o - -
BANK EROSION PINS l .S-'E'IE":' of erosion pErManent Cross "'”'{' other year v the Summer | Fal
pires. . moniorng period.
sections
ADUATIC HABITAT
IN-STREAM HABITAT _—— et . N .
ASSESSMENT Inziream hateiat 1o be evaluated using fuvisl geomomhology data.
FISH COMMUNITY
Single-pass
electrofishing survey ; . I .
STV folowing Secton 3of | i ongtanal | Every otner yesr over e Summer
the: Ontario Stream s g :
Azszszment Profoos
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 11A - MILLER CREEK REACH &

MOMITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

In gity messurement of | Upsream, within and

o Ewvery cther year over the Summer
WATER CHEMISTRY basic water chemistry | downstream of the e i P
parameisrs. project ares. manitaring period. (kacefon]
. : | A characterizic
o T nf e TRk
BENTHIC MACRO- g;:;c:: 5;33'; D ;3'11:: segment of the project| Every other year over the Summer
INVERTEBRATES Protocol area (refer io sile maritoring period. (basaiion)
e mag).

RIPARIAN CONDITIONS

RIPARIAN AREA [ Vizual inspaction of
RESTORATION tiparian wegetation and | A% channgl cross- Every other year over the
PLANTING Line Intercept Tranzects | sections MICARORNG period.

ASSESSMENT (Harriz 2005).

Summer

ENGINEERED | BIDENGINEERED ELEMENTS

Vizual qualiaiive
azszsement and
photograghic ) .
VISUAL ASSESSMENT documentaticn of Enfire project area.
efructural and
vegetation componers.

Every other year over the

martonng period. Summet

SOCIAL / CULTURAL ELEMENTS

Miz cpinion survey is recommended as the s is not in a high public-use ares
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

Drate/Time: 0 10 |2 Weathor___ Sl RecorderCraw:__ X1 [mw
Location: Biga streamReach M 65 ) [ |1 f ) Projet Coder 0361 48
Location and Condition of; Instream sliuciunes, bisengineening and riparian vegetation.
Legend Site Sketch:
‘Geomorphic Linit » f‘l i .
Fi Hitla PS5 Cascade _’i S N S N N
P2 Pool P4 Rapkl
P2 A fr Bufivck culcrog i -
P4 Glide P& Marginal doacwates £2 (o e || - - -
Subsirabe K ey W |
51 50 85 Large Cobblk _ 14 [ o A N N N
52 Sand 55 Small Baulder ) '{N-_Hﬁﬂﬁtﬂ-ﬁ | I ¢+ 1
50 Cravel E7 Longn Heuldir I 11 f 1 E_.g_
54 Small Cobble S8 Bimodal | -
Functional habitats S . —_ 1
F1 Tree roals F& Leal lier 1 ..L!_’['-J.]'«J
F2 Treebranches  F& Mosses } _:;."I_Jj.,' iif
F3 ‘Woody dobeie F7 Macroalgae .
F4 Marginal planis FE Macrophyies i I O O O | |
Flow Type i | |
Ho Free Fal LL::-E'?‘.["‘:{-". L S .
H7 Broken Swnding Wave | Ley T'r':_-:s_m-! ¥ ¥ %}gtfsﬂ]yi |
HE Linbroken Standing Wave L frekd (120 e Pylyl .
ME Rippled T | 1
Ha Lipweling
H3 Smooth Surface Flow
H2 Scarcaly Peceptinke Flos
H1 Standing Water
UTM Coordinales - —
L s o AR 5] S
o £ e [ e g
| Y
E Ermﬂy:_bl‘r&d%&dﬂr:_

| i 1 L I as ada 1 1 wlai [ 01 C
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DakaiTima: Y 2 0f Weather___ iy (o RecomeCrew:___ 3 (6]
Location; AT syeamReach: MILE 0 | 1L IR Project Code; 0351 %
Location and Condition of: Instream structures, bioenginearing and riparian vegetation,
Legend Site Sketch: '
Geomerphic Unit
P Rillle PS5 Cesbate
P2 Poal P& Rapid
™3 Fun F? Bardrech culcrag
P4 Chde P8 Marginal deacwater| |
Substrate
51 Sit 58 Laige Cobbie
=2 =and 56 Small Boulder
S Giral 87 larpa Rooidar

54 Small Cobble S8 Bimodal

Funcilonal habitais
Fi Tree rocis F& Leaf e

F2 Tree branches F& Mosses
F3 Woody debis F7 Maoralgas
F4 Marginal planis F& Macrophyies
Flow Type
My Free Fan
HE Chute
H7 Beoken Standing Wave
HE Unbroken Standing Wave
HE Rippled
Hat Ligwaling
H3 Smoath Surlace Flow
H2 Scarcaly Peceplible Flow
H1 Sdanding Watar
LITM Coandeabes :
2 SRan ﬂ
. g S N - .
- - i i S b|r-.',l..,pli R
3 . iﬁw\‘] -:f_l\.r}l 159] i t

r_ _.ﬂ'

T wﬁq.-* 1 :

. 1 ~—-—-f: :-—ww'r.
g Sl 4T

| . ; 1 2 1 | . s G R 3

- Tl fis 'f

Drawn By: ¥'7 Checked By

e e T
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMOISHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DaterTans: MM 7)0% Wisther__THTLT Limi FsardariCraw; §a Jew
v eg st (1 £ 1N A o
Location; _EI&Y sweamiRegch T il [| (11f1)  Project Code_hS3E1050
Lecation and Condition of: Insiream siruciures, bisengineering and riparian vegetation.
Legend Site Sketch: B N S S S I |
Geomarphie Unit EERN | A
P11 Rl B Cascads 1 __- = | ;i"'
F2 Pocl P8 Rapid . __'},:_*ir.:?_._'____ I .- -
P3P F7 Bediack aukrop k- t:.;‘ N e | H
P4 Ghde PE Manginal deadwatar 1 ~ -\.- |l -;-3_."‘ o : _\'_'-_:-I__ S
Gubstrote 4 0 1 1 |3 ."a.‘-“l-l-. i + . | =t
51 St 55 Large Cobibla ERERRERE: AL RN
lse sand SE Smell Bouldar BE=HEENYE T 1 O T
50 Covel BT Largs Boukds bt ’._!-?‘E' -_l.*-____,_.' I I
54 Small Cobble 58 Bimodal S N S
Fumctional habitats B -1 .?'.'IE‘.;! . ;._ e 1 -
F1 Tres rools F5 Leaf lftar |
S N 2 I . i ) '.='P-f|'l-
F2 Trea beanches Fé Mosses I e A | i q LUK
E— 5 e A el ]
£ Winady dehis acr ol D I_I
F4 Margirel plants F& Macraphyles —_— | -
Fiow Type | 4
Ho Free Fal N 1 |
He Chute | '
M7 Brolen S1ancing Wave i
W6 Unbroken Ssanding Wave sl ENEE
HS Fippled »
Ha Uprevaaling 1 L ~ _
H3 Smoath Surlace Flow b
H2 Scarcely Pecepie Flow | 4 L 1 WML, SEUVY O ) &
Hi Sianding Waler )
UTM Ceardingtes e
‘L-:' . 1
| EN T
o g i 1
R . \% 1 L
— | e Rk
Drawn By: ¥ Cheched By

T b OF
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 116 - MILLER CREEK REACHES 1-2

MONITORING MEASURE

METHOD

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

10 monumernied oross-

SPATIAL SCALE

Withir lomgitudinal

MONTORING FREQUENCY

Every other year over the

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

RAPID ASSESSMENTS

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

sections instaled shove e : Summer | Fa
brifull srofile area. montorng period.
Merumenied A00mm representative | _ _ o
longitudingl profile using | section {refer io sie ;1.;.:-{'31::?11& :;‘:f::fh the Summer / Fa
gurvey eguipment. mag) gk )
Pebile count at cross- Performed at cross- Every other year over the o _
cections. sectione Mantorng period. Summer | F2
Rapid Geomomphic
Azgeczment (MOE Eue - =r
2003) and Rapid Stream|  Entire project area ;1';”_'{':::'_?:&' ::‘:?:If"“ the Summer / Fa
Azzzszment Techrigue ngE ;
(Gal 1296).
Obzenmtion-bassd Eury - =
mapping of project amea | Entre project ares ;1.;.:"{':?'!1';1& ::‘:f::fh the Summer / Fa
on slandard formes. g ;
Taken at each cross-

’ secton and
Photographic . -

- . throughout groject Every other year over the - .
d'r:u::uegemm of ared including Mantorng period. Summer /72
project upetream and

downsiream extents.
bl . Installed at —_— I
I_s:alla.lzu of ercsion nermanent cross _.'.,"{' other year ove the Summer | Fa
pins. sachione monforing period.

Single-pasze
electrofishing survey
fellowing Section 3 of
the Ontario Stream
Azseszment Protoco

Ingirzam habeiat 1o be evaluaied using fuvisl geomorphology data.

Within longiudnal

profie area.

Every other year over the
morsonng geriod.

Sumrner
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 11E - MILLER: CREEK REACHES 1-2

MONITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Water guality for this reach is asseszed through data collection from Site 114 downsiream
{Reach g).

BENTHIC MACRO-
INVERTEEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA | Visual inzpection of
RESTORATION tiparian vegetation and | AL channel cross- Every other year over the
PLANTING Lire Intercept Transects | sections moniorng period.

ASSESSMENT {Harriz 2005).

Summer

ENGINEERED / BIDENGINEERED ELEMENTS

Vizual qualtative

azsessment and
phictographic . - Every other year over the

VISUAL ASSESSMENT documentation of Entire project area. moniarng zeriod. Summer
siructural and

vegetabon components.

SOCIAL { CULTURAL ELEMENTS

N opinion survey i recommended as the stz iz notin a high public-uss ares
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD Monitoring Rapid Assessment

GEEOAMORPHIC SOLUTIONS

General Site Characteristics

Datemime;_H0 11 Wepther_ Fign fumiy RacerdariCrews____ £ g1
P
Location: SreamiRaach Ttk CETh =|I L ul——i-i’,-j_ﬁ'lm Cove, (1 %1 4% —
Location end Conditien @4: Instream structures, bioengineering and rigarian vegetation.
Legend Site Sketch: |

Geomerphic Unit 1
P1 Aifle PS Cascade LR
P2 Pool F& Rapid .
F3 Aun T Hedinok tiep [N :
P4 Gide Pe Maiginal deadwatar| | i{_.'!i,'!ilrll L In ul -,-_E

| | [ &
o sumons | |Dbwncheare| | POHERT 4
52 Sand g6 Small Boukder NEDY | I"'T"}{}' /
53 Gravel ST Lasge Dousder Lor M4 ' B
54 Smal Cobble 58 Bimodal
Functional habitats
F1 Tres ronts F5 Leaf liner
F2 Trea branches F& Mogses
Fo Woody debiia F? hlacsealyog B
Fd Marginal panls Fa Macrephyles
Flew Typs - |
Mg Free Fal l’_&: w
HE Chute i

HT Brakien Sinnding Waen
HE Unbroken Slanding Wave
HE Fippiad |
Hd Upweling . | .
H3 Smoaih Suiace Flow

HE Scarcely Pecepibb: Flow

H1 Sianding Water

UTM Coardinates ;

| Wotes: -
PR HT B pr Tl
N T T L A e

Drawn By, 4T Checked By !

oAl
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS

NCD Monitoring Rapid Assessment

General Site Characteristics

H7 Brohken Sending Wave
HE Lnbroken Sianding Wave
HS Fippled

e Lpwsiinyg

HA Siosth Surace Flow

Hi Soarsely Pecepitla Flow
H1 Standing Wilaer

UTH Coondinates:

Drawn By: 1 Checked By:

DiskaTime:_ M0 T[S Waathar___GUHHT RecorderCrow__ ¥ Bl
A
Location;___ {1 SreamiReach: UL Gep | L (6] projectCoder Di2en 450
Location and Conditien of: Instream siructures, bicengineering un:;T'q:h‘HH vegetation,

Legend Site Sl:lll:l_'l: | el Ty A
Geamarphic Unit 3 N1 ) '_ 1
P1 RAilfe P8 Cascade i
Fg Pool P& Fapid =4
P3 Aum FT Dedvech caricrop |
Pa Gilide PR Marginal deacwalar _
Bubstrate |
51 St 55 Large Cobble N
52 Sand S6& Small Bowlser il ..J-| i
60 Graval E7 Latge Bouldar B B . [{lef
g4 Srmall Cobble 58 Bimodal ] NN \] )
Funetional habitats s L VAL
F1 Tree mals F5 Leaf litter
F2 Tree branches Fé Masses
Fa Wanedy debein F7 Macoaioas
F4 Marginal planis F& Macrophyles
Flow Type
HE Free Fall
HE Chute
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 12A - DON RIVER (UPSTREAM)

MONITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY

FLUVIAL GEOMORPHOLOGY

10 monumented cross- | e - -
CHANNEL CROSS- o Within lomgitudinal Every ather year over the .
SECTIONS seclions insialed above profle area. montoning period. Summsr /P2
biamisfull.
LONGITUDINAL Mznumenied 200m reprezentative Eyery ot vear over the
PROFILE lomgtudingl profile using | section (refer io sie %:ﬂ:ﬂn 3;?:” Summer | Fa
survey equipment. mag) g E ’
SURFICIAL SEDIMENT Pebkle count at crose- | Performed at crogs- | Every other year over the Summer / Fa
CHARACTERISTICS seclions. gections mantorng period. '
Fapid Geomorphic
Azgegament (MOE - I
LT S GOl 2003) and Ragid Siream|  Enfre project are3 ;]“:;'{’D'fi‘e' b the | cummer/ Fa
Azszszment Techrigue ngE )
(Gali 1296).
Oesenation-bassd Eury = ¢
mapping of project area | Enfre project ares ;1';”:{';”;&' 3;;33::-'.*: the Summer | Fal
o Eiandard formes. ngE )
Taken at each crose-
) gecton and
PHOTOGRAPHS FROM g il il 1 : . Coe ~ .
FIKED VANTAGE dacumentation of hroughoueroject | Svery aler ySar ST | Summer
POINTS project area including monionng period.
: upsiream and
downsiream exients.
. . - Inztalled at —_— - .
BANK EROSION PINS nsiallatian of erosin permanent cross —very other year over the Summer | Fa
pires. sectione monionng period.
AQUATIC HABITAT
IN-STREAM HABITAT i s ) e .
ASSESSMENT Ingirzam habiat 1o be evaluaied using fuvial gsomorphology d3ia.
FISH COMMUNITY
SPECIES INVENTORY rl;lft::]r?i{:]igg figh community targets known at this time. Monitoring of thes parameier to ke
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 124 - DON RIVER (UPSTREAM)

MONITORING MEASLIRE SPATIAL SCALE MONTORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Water quality for this reach is assessed through data collection from Site 128 downgiream.

BENTHIC MACRO-
INVERTEERATES

RIPARIAN CONDITIONS

RIPARIAN AREA | Vizual inspaction of
RESTORATION riparian wegetation and | AL channgl cross- Every ather year over the
PLANTING Line Intercept Transects | sechions moniorng period.

ASSESSMENT iHarriz 2005).

Summer

ENGINEERED / BIOENGINEERED ELEMENTS

Visual qualtative

asgesement and
photographic - . . Every cther year over the

VISUAL ASSESSMENT documentation of Enire project area. mgnitorng period Summer
siructural and

vegetabon components.

SOCIAL / CULTURAL ELEMENTS

Once duing the monsornng Summer

Opinicn suresys. Enire project area. — ifair weather]
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

Date/Time: MV 10 [ Westher, R FlecordariCrow:___ 1 Bl
Location: ey Lr:.II-' 7 G StreamPReach: T ¢ bedb ! o - Projoc] Coe: flca51 4%

Location and Condition of: Instream structunes, bioengineering and riparan vagetation.

Legend Site Swetch:

Geemorphic Unlt : : :
i Fille PS5 Cascade
P2 Fool P& Aapid B
P3 PFun F7 Bedodk oulcrop '
P4 Gl Fil Warginal dosdveiar T:i\
Subsirate BN WU SO T, ¥ -
51 sin S5 Large Cobble iy B LG
2 Sand & Smal Boulder B L 0 .8
53 Giravel £7 Large Boulder
&4 SmallCobole 58 Bimodal
Functional habitats i
Fi Tres oals F5 Leaf liter
FZ& Trow & I ro pa
F3 Woody debiis F? Macmalgae S S N
F4 Marginalpianis  F8 Macrophyles o ERMDL b i)
H9 Free Fall :*”gﬁié F
He Chuse N e | L )
HT Broken Standing Wive i T |
HE Unbroken Siending Wave . owERAUL sTEny -
HE Rippled e dadr
H4 Lipwaling -
H3 Smoctn Surlace Fiow P
HE Scarcely Heceplieg Fow 1 f'-".-'n!f,-
[H1 sianding Water H |
UTM Coordinates : i
Hiotas:

[EiPeiar) peep Mo T SRS
btk e e PO b7 BT

¥ (hasned [ e 9 1400 = thee | ol
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMOISHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DateTime:_t_10[05 Wiesther:_IERCATT RecorderCraw,___ ¥ | Evl

Locaion s (1] & 440 SteamPeach 1 & 93l 2L projectCode; US3ALAT

Location and Conditian of; Instream sireetures, bisengineering and riparian vegetation,

Geomorphio Unit b
P1 Ritla PS5 Cascads

P2 Paol P& Aapid

P3 Fun F7 Bednock autcrop
P Gloe Fi Marginal desdwatar
Substrabe

51 Sit 56 Large Cobble

52 Sand 56 Small Baulder

53 Gravel &7 Large Bouldar

54 Smell Gobble S8 Bimodal
|F|.|1:It|r.|lll'llﬂtl'll

F1 Tree mols F5 Leal imer
F& Troo Wmaied mo S kesoss

F3 ‘Woedy debris F7 Macroal g
F4 Marginalplants  FB Macraphytes
Flew Type
Ha Free Fal
H& Chine
H7 Broken Standing Wave
HE Unbroken Standing Wave
M5 Bippled
He Upwelling
H3 Smoath Surlace Flow
HE Scamcely Fecoplible Haw
H1 Standing Waler
LT Coordmiabés :
| Modes:
A QIFFES ehitadt & ReWTEn
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMOR~PHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DateTime: 'w “I“ Weather, Jlirar RacoedarCraw:_ 1 [B

Location: MEEa [V & 4%) SteamPeach; | LR M) 300L  Project Code; (535147
Location and Conditien of: Instream structwres, bioengineering and riparian vepetation.

Geomarphic Unit |

P1 Rili PS5 Cascade

F2 Pool PE Fapid

P Aui P7 Bedrock outcrap

P iy FE Maiginal desdwaier

|Substrate

51 Sl S8 Larpe Cobble

|82 Sand 56 Smal Boulder

53 Girawel &7 Larpe Boulder

54 Smal Cobble 58 Bsmodal

Functional habitats

F1 Tres rools FS Leaf iter

FE Tiowl 1 ra &

F3 Woody debris F7 Macralgae

£4 Margnalplams  F8 Macrophyles
Flow Type

H# Fres Fall

HA Chute

H7 Brakan Standing Wase

HE Unbrokan Standing Wave

HS Rippied

H4 Upvniling

H3 Semedth Suriace Flow A ; RN : Eod
HZ Scarcely Fecepbbis Fiaw SN o RN S0 1O . xS O A O
M1 Standing Walsr ) ] 47 i :

UTM Coordnates
Hobes:
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

Date/Time: MoV 10 [o Weather,_ DERINT RecorerCren__ KL [Ty
I
Location: Trine [ile o¢ ard SteamAeach: T ¥ I S 8L Project Code:___ 054542
Lecation and Condiflon of: Instreasm &lructures, blosnginesring and riparian vegelation.

Legend [ite ke e L W .
Geomorphic Unit _. % ' i N,

P Rl PR Camcade

P2 Pool PE Faphd

P3 Run F7 Bedock culcrop
Pa Lilide PO MEr ] deEL
Subsirate

51 Sil 5§ Large CGobhle
52 Sand 56 Small Boulder
53 Gravel 57 Lange Boukler
54 Small Cobbhle 53 Bimadal
Functienal habitats

F1 Tree rools F5 Leal litles
FE DIE DrHIRD R FO [wooss

F3 'Woody debris F7 Macroalgae
F4 Marginalplants  F3 Maoophyles
Flow Type

HB Free Fall

He. Chule

HT Broken Standing Wave

HE Urbrokan Standing Wave

15 Nippled

Hd Upselling

H3 Smoath Suriace Flow

H2 Scarcely Pecepible Flow

H1 Sanding Waiar

hotes:

| Bt oukioyh vITY EASES

ENCFCT IREH el Ly b
i ek BAOwAER Efyhat
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 128 — DON RIVER [DOWNSTREAM)

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY
FLUVIAL GEOMORPHOLDGY
10 monumended cross- | e L _
CHANNEL CROSS- e Within lomgitudinal Every ather year ower the o
SECTIONS seclions insialed akove orofle area. montoning period. Summer [ F2
hankfull.
LONGITUDINAL Mnumenied 200m reprezentative Eyery ot vear over the
PROFILE lomgtudingl profile using | section [refer io sie %:ﬂ:ﬂn 3;?:” Summer | Fa
survey equipment. mag) g E ’
SURFICIAL SEDIMENT Pebkle count at crose- | Performed at crogs- | Every other year ower the Summer | Fa
CHARACTERISTICS seclions. zections mantorng period. '
Rapid Geomorphic
Azszszment (MOE . - e
TN Ul 2003 and Ragid Stream| Enfre project area ;1“:'“,'{’;?1"3' 3';;3;"‘“ e | cummer  Fa
Azseszment Technigue ngE )
(sl 1226).
Dezervation-bassd Eury = =r
mapping of project area | Enfre project area ;].;.:-{'::::?er 3;;3:::‘&.& the Summer | Fa
on Siandard formes. ngE )
Taken at each cross-
) zecton and
PHOTOGRAPHS FROM [z ol il T : . Coe ~ .
FIKED VANTAGE documentation of hroughou eroject | Every aeryear St | Suer/ Fa
POINTS p—y ared including monionng period.
: upsiream and
downsiream exients.
. . . Inztslled at . - .
BANK EROSION PINS l _s:all.a.m of erocion SEMMANERT CRoss "'”'{' other year oues the Summer | Fai
pires. sectione moniorng period.
AQUATIC HABITAT
IN-STREAM HABITAT e s ) e .
ASSESSMENT Instream habdat 1o be evaluzied using fuvial geomomhology data.
FISH COMMUNITY
SPECIES INVENTORY Llft::lr?ﬁ]igg figh commurity targete known at this time. Monitoring of this parameter to be
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 12B - DON RIVER. (DOWNSTREAM)

MONITORING MEASURE  METHOD SPATIAL SCALE MOMTORING FREQUENCY TIMING

WATER QUALITY

In sity messurement of | Upsiream, within and

o Ewvery cther year over the Summer
WATER CHEMISTRY basic water chemistry | downstream of the e P
parameiers. project ares. maritaring period. (kacefon]
. : | A characterizic
o T nf e O
BENTHIC MACRO- g;:;i: ;;3'; D f'm segment of the project| Ewvery other year over the Summer
INVERTEBRATES area (refier io sile manitorng period. (hasafion)

Protocal. mepl.

RIPARIAN CONDITIONS

RIPARIAN AREA / Vizual inspaction of
RESTORATION riparian wegetstion and | A% channgl cross- Every ather year over the
PLANTING Line Intercept Transects | sectione Monsorng period.

ASSESSMENT (Harriz 2005).

Eummer

ENGINEERED | BIOENGINEERED ELEMENTS

Visual gquaitaive

azgesement and
photographic - . " Ewvery cther year over the

WVISUAL ASSESSMENT documentation of Entire project area. maritarng period Summer
giructural and

vegetabon components.

SOCIAL I CULTURAL ELEMENTS

Mz opinion survey is recommended as the s22 iz nolin a high public-use ares
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMOR~HIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DateMme: MV 18)e7 Weather,_ TR FacordenCraw: L7 B

Location; bt (o o 4ov) Streammencte V! L T ) Sor Project Code: 05750 47
Location and Condition of: INsiream structures, bloengineering and riparian vegetation.

Legend Slhe Sketch: :
Geomorphic Unit . —F
Pl Rifle FS GCaswade
P2 Pool F& Rapid
P3 Fun F7 Bedrock culorep
P4 Glide Pl Marginal deadwater
|substrate
51 Sih 55 Large Cabble
|sw sama =0 sl By -
59 Gravel &7 Large Boulder
54 Small Cobble S8 Bimedal
Functiomalbeblitats | e B e b s i
Fi Tree mobs F& Leal Biter
F2 Trer branches F8 Messas

Fa Woady debiis F7 Macmalgas
Fd4 Marginal plants  F8 Macrophyles

Flow Type .
Hi Frea Fall i r
iechue | [ e el

b £ WS
B b '
Jupdi,
¢l THEY

G

HY Broken Standing Wave
HE Unbrakan Standing Wave
H5 Rippled

H4 Upwelling

H3 Smoath Surlace Flow

He Goarsoly Pemaptible Flew
H1 Standing Water
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- Begshrrtl SR
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Drawn By, CheckedBy:
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DaterTme:_¥ov pif o8 Weather__ C¥ERLAT RecordeciGrew:____ 1T /B1
Locstion: Yiiksiar! (o o 400 Streameach: D0 ¥ TL3 (81 6 OFE  Project Code, 0535347
Lecation and Condition of: Insiream structures, bicengineering and riparian vegeatl
Legend Site Ske S IS I P S SO U O S
Geomarphic Unit 1"‘,,, Toqig o flh'
F1 Aiffie PS Cascade Fh*@“{ltﬁﬂﬁ'ﬂ_!‘ﬁ-‘-- SOS- FU SUVR YHOR | TR S
Pz Pool PE Rapid A S| .
Fa Fun P7 Badodk outcrap
P4 Glda Fg hqrg'rqldnu-lulu
Substrate
51 Sih 55 Large Cobble
52 Sand HE LTSN B
53 Gravel 57 Large Boukder
54 Small Cobble 58 Bimodal b b ]
Functional habitats B i_j},'-:_—;__j"i;,{lf’-'{_ i
F1 Tree reots FE Laal itter L RENTHIC )
E4 Tras heanchas EE Masoas: 1 it E-:: :l‘uﬂ: v
Fa Wocdy debeis F7 Macroalgae i ..:?.'.r.!..m..'f','- M
F4 Marginal plants F8 Macrophytes Fod...) !
FEOwW Type oot __—_ ]
He Free Fal =
HE Chuse iy
M7 Broken Sianding Wave L -
HE Unbroken Standing Wave | | f0F T 0 S e Tkl fobmil
HS Fipolod T |
H4 Lpmeling bt I
H3 Smooth Surlace Flaw O R ——
Fi# Boarcely Pecepibls Mow e
H1 Sianding Waler { "
UTM Coardinaies ; I
Medes: ] ! il
By e o8 A i EE I
Dl & e vt |
.......... WL
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 13- ROBINSON CREEK

MONITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY
FLUVIAL GEOMORPHOLOGY
10 monumenied cross- | L, - -
CHANNEL CROSS- s Within longituginal Every ather year ower the o
SECTIONS seclions inaled skove orofle area. montoning period. Summsr [ F2
bizrihull.
Mirumenied -
LONGITUDIMAL - . o . - Every ather year ower the .
lomgitudingl profile using | Entre project ares = - Summer | Fal
PROFILE S — mMontorng period.
SURFICIAL SEDIMENT Pebkle count at cross- | Performed af cross- | Ewery other year over the Summer / Fa
CHARACTERISTICS sections, sectione mMontorng period. '
Rapid Geomaomghiz
Azszszment (MOE Eue - =r
CTEN S VS Bl 2007) and Ragid Stream|  Enfire project area ;]“:;'{’D'fi‘e' b the | cummer/ Fa
Azszszment Techrigue ngE )
(Galli 1288).
Ceservation-bassd Fiurs = =r
mapping of project area | Entre project ares ;1';”:{';”;&' :’;?::f"“ the Summer | Fal
on siemdard formes. L )
Taken at each cross-
) secton and
PHOTOGRAPHS FROM S+ 1 N . - - ..
FIXED VANTAGE documentation of '“'”'Q*EL;.WJM Every oer yEar overthe | o rrmer / Fa
POINTS project ared including moniorng period.
: upsiream and
downstream exients.
) o . Imetalled at o - -
BANK EROSION PINS l .S-'E'IE":' of erosion permanent cross "'”'{' other year v the Summer | Fal
pires. sectione moniorng period.
AQUATIC HABITAT
IN-STREAM HABITAT _—— it ) N .
ASSESSMENT [mstream habdzt to be evaluated using fuvisl geomorphology data.
FISH COMMUNITY
SPECIES INVENTORY Llft::]rfiig figh community targets known at this time. Monitoring of this parameter to ke
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 13 - ROBINSON CREEK

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site i less than 1000m in length, thersfore no water qually monitoring is recommended

BENTHIC MACRO-
INVERTEERATES

RIPARIAN CONDITIONS

RIPARIAN AREA | Visual inspaction of
RESTORATION riparian wegetation and | A% channel cross- Every ather year over the
PLANTING Lire Intercept Transects | sections MLorng period.

ASSESSMENT iHarriz 2005).

Summer

ENGINEERED [ BIDENGINEERED ELEMENTS

Visual qualiative
assesament and
photographic - . .
VISUAL ASSESSMENT documentation of Entire project area.
siructural and
vegetation comeonents.

Every other yesr over the

moritonng geriod. Summer

FOCIAL I CULTURAL ELEMENTS

Mo opinion survey i recommended as the sz is notin a high publc-use arss
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DateMime:__ M- 13 o5 Wealher,____GLous RecorderCrew____ K1 [ @

Locaton: HERVHA Siream/Reach FOBINEI LEEEE [#15) Proec Code [€253. 450
Location and Condition ol: Insiream sirectures, hlmnghﬂnn-.g anvd riparian wegetation. -
Legend L O sl ieTor ST

Geomarphic Uinit

1 Nide PR Cagcade i'
P2 Peal P& Rapid > :r-
F3 Fun PFT Bedrock oulcrop g
P4 Glide P& Marginal deadwila

Substrate

51 S 55 Large Cobble

52 Sand 56 Small Boulder

=3 Graval 57 Large Boulder

4 Gmal Cobble 58 Bimodal

Functional habitats

F1 Trem rooks F& Leaf iter

F2 Tresa bfanches Fi MOSSES
F3 Wioody dobris F7 Macroalgae
F4 Marginal plams F& Macraphytes

Ho Frea Fal i rr':i'i'si'\.‘l} Kegiemol |
HE Chite Lumss :’.‘.‘._EJ_j_I-*-'-‘ 0 Ml SR W 8

H7 Broken Sianding Wave
HE Urboken Standing Wave
HE Rlppied

Hd Upwedling

H3 Smoaih Surlace Flow

H2 Scarcaly Pecepible Flow
Hi Siarding Watar

HTM Nanrdinates © HBE9 L34
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 14 — GERMAN MILLS CREEK

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY

FLUVIAL GEOMORPHOLOGY

10 monumenied cross-

CHANNEL CROSS- et Within lomgitudinal Ewery other year over the - .
SECTIONS sections incialied s orofile area. MELorng period. Surmmer | F2
bansfull.
Monumeried -
LONGITUDINAL - - I . Every other year over the .
longitudinal profile using | Enfre project arez e : Summer / Fd
PROFILE surEy EauipmEnt. MOALorng period.
SURFICIAL SEDIMENT Pebile count at crose- Performed aft cross- Every other year over the Summer/ Fa

CHARACTERISTICS Lactions, sechons MICALORRG petiod.

Rapid Geomomhic
Azgeszment (MOE Fugs -
RAPID ASSESSMENTS [Nl e = e e ;:;_'{’;_'“';"‘"r e e Summer /Fa
Azgessment Techrigue g e )
(Gali 196).

Observation-bagsd

Every other year over the

mappirg of project area | Enfme project ares L ) Summer / Fd
on £landard foms. MEnEanng penoe.
Taken gt each cross-
) zection and
PHOTOGRAPHS FROM  JlEfoaticl 1 ; . _— ~ -
FIXED VANTAGE documentation of troughous project | Every aiher year e e | Summer/ Fa
POINTS roject area including mionsoring period.
: upsiream and
downsiream exients.
. i ) Inztalled at . - -
BANK EROSION PINS : .9.'3"3":' of erasion sermaneni croes - "”'*f' other year ove: the Summer / Fd
ping. sactons montoring period.

AQUATIC HABITAT

IN-STREAM HABITAT s
ASSESSMENT Instream habitat fo be evalusted using fuvisl gscmomphology daia.

FISH COMMUNITY

SPECIES INVENTORY rl;lfmsrnr?i:;rgg figh community targets known at this ime. Monitoring of this parameter to ks
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 14 — GERMAN MILLS CEEEK

MONITORING MEASURE SPATIAL SCALE MONTORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site iz lese than 1000m in length, thersfore no water qually manitoning is recommendes

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA | Vizual inzpection of
RESTORATION tipaman vegetafion and | Af channel cross- Every other year ower the
PLANTING Lire Intercept Transects | sections moniorng period.

ASSESSMENT (Harriz 2005).

Summer

ENGIMEERED / BIOENGINEERED ELEMENTS

Visual qualiative
azgezzment and
phoiographic . . -
VISUAL ASSESSMENT documentation of Entire project area.
siructural and
vegetation components.

Every other year over the

morsonng geriod. Summet

SOCIAL | CULTURAL ELEMENTS

OPINION SURVEYS Mix opinion survey i recommended as the stz iz notin a high publbc-use ares
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GEOMORSHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 16 - AMBERLEA CREEK

MONITORING MEASURE METHOD

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS5-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT

CHARACTERISTICS

RAPID ASSESSMENTS

PHOTOGRAPHS FROM

FIXED VANTAGE
POINTS

BAMK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

10 monumenied cross-

SPATIAL SCALE

Within lomgitudinal

MONITORING FREQUENCY

Every ather year ower the

gections installed shove L . Summer  Fal
— crofle area. moniorng period.
Monumented - N
lomgtudingl profile using | Enfre project ares ;].;.:-{'ani*ler ;:;a::ucf.b the Summer / Fd
survey equipment. L )
Pebisle count at croze- | Performed at cross- | Every other year over the o o
ceclions. zections mantorng peniod. Summer | Fa
Rapid Geomorphic
Azszesment (MOE Curs ——
2003) and Fagid Stream| Enfre project arsa ;]';”_-"_":::ﬂer :'f;;a::f'b the Summer / Fal
Azssssment Techrigue HngE )
(Gal 1926).
Observation-bassd Eury - ¢
mappirg of project area | Enfre project ares ;1.;.:'::'::::211& :f;;a::f'b the Summer | Fa
on Slandard forms. NG pEnos.
Taken at 23ch cross-

' secton and
Phoiograghic . -

- . throughow project Every ather year ower the o -
d?::uegem‘ucn of ared including manioring period. Summer | Fa
project upsiream and

downsiream exienis.
bl : Installed at —_— ——
Ingtallation of erogicn sermanent cross Every other year ower the Summer | Fa
pire. sections moniorng penod.

Ingiream habitat to be evaluated using fuvisl gzomorphology data.

Mo specific fish community targets known at this time. Monitaring of this paramster to be

determings
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 16 - AMBERLEA CREEK

MONITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site iz less than 1000m in length, thersfore no water qually monitoring is recommendes

BENTHIC MACRO-
INVERTEBRATES

RIFARIAN CONDITIONS

RIPARIAN AREA [ Vizual inspaction of
RESTORATION tiparian wegetation and | A% channgl cross- Every other year over the
PLANTING Line Intzrcept Transects | sections Montorng period.

ASSESSMENT (Harriz 2005,

Summer

ENGINEERED | BIDENGINEERED ELEMENTS

Vizual qualiaiive
assesement and

photographic - . - Ewvery cther year over the
VISUAL ASSESSMENT documentaticn of Entire project area. montoring geriod Summet
siructural and

vegetabion components.

SOCIAL / CULTURAL ELEMENTS

M opiricn survey i recommended as the £22 iz notin 3 high pubbc-use arss
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

DaeTime:_ 40 11/% Weather,__ 1Y RecorderCrew,_ ¥ [6v/
Location:__V¢wib ShwamiReach:_WEEREE @A) Project Code:; /5 %01 457 -
Lacation and Condition of: Instream siructures, bicengineering and riparian wegetation.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 184 — MOBNINGSIDE TRIBUTARY [UPSTREAM)

MOMITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIOMNS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

Formal fiuvial geomomphology monitoring alsady established through other project.
RAPID ASSESSMENTS g Pnosy E d = ™

SUB-REACH MAP

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT S e . o )
ASSESSMENT [nstream habiat o be evalusted using fuvial geomomhiciogy data.

FISH COMMUNITY

Single-pass
electrofishing survey
SPECIES INVENTORY fellowing Section 3 of
the Ontario Stream
Azgzszment Protocs

Within longtudinal Ewvery ofer year over the
profils arca. monitoring period.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 184 — MOENINGEIDE TEIBUTARY [UPSTREAM)

MOMITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Water cuality for this reach is assessed through dala collection from Site 180 downstream.

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA / Vizsual inspaction of
RESTORATION tiparian vegetation and | Af channgd cross- Every other year over the
PLANTING Line Intercspt Transects | sections monRorng period.

ASSESSMENT (Harriz 2005].

Summer

ENGINEERED / BIDENGINEERED ELEMENTS

VISUAL ASSESSMENT Mo enginssred or biosnginesrsd slements were identified at this zite

SOCIAL / CULTURAL ELEMENTS

Mo oginion survey B recommended as the s%2 iz not in a high publc-use ares
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
@ NCD Monitoring Rapid Assessment
General Site Characteristics
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L&

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics

Locaman:
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 18 - MORNINGSIDE TRIBUTARY (MIDOLE)

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

FLUWIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

Formal fluvial geomonshalogy monitoring alrsady established through other project.

RAPID ASSESSMENTS

SUB-REACH MAP

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BAMK ERDSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT i _ . o )
ASSESSMENT [ngiream hakdat o be evaluated using fuvizl geomorphology data.

FISH COMBILINITY

Single-pass
glectrofiching survey
SPECIES INVENTORY fiollowing Sechion 3 of
the: Ontario Stream
Azszzzment Profooo

Within longiudnal Every ofher year over the
profis arsa. monitaring period.

Final Report Page E68



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 188 — MOBNINGSIDE TRIBUTARY (MIDDOLE)

MOMITORING MEASURE METHOD SPATIAL SCALE MONTORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Water quality for this reach is assssced through data collecion from Site 180 downstream.

BENTHIC MACRO-
INVERTEEBRATES

RIFARIAN CONDITIONS

RIPARIAN AREA [ Visual inspaction of
RESTORATION riparian vegetation and

PLANTING Lire Intercept Tranzects
ASSESSMENT iHarriz 2005).

Af channg! cross- Every other year over the

; Summer
zechons MonEoRng period.

ENGINEERED [ BIOENGINEERED ELEMENTS

VISUAL ASSESSMENT Mo enginzsred or bioenginesred elements were identified at this sits

SOCIAL I CULTURAL ELEMENTS

Mo opinion survey i recommended as the site iz not in a high public-use ares
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GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 18C — MORNINGSIDE TRIBUTARY (DOWNSTREAM|

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS5-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

Forrnal fluvial geomomphology monitoring sksady established through other project.
RAPID ASSESSMENTS g oy " 4 = “

SUB-REACH MAP

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BAMK EROSION PINS

AQUATIC HABRITAT

IN-STREAM HABITAT i . . L )
ASSESSMENT Ingiream habeiat to be evaluaied using fuvizl gsomorphology daia.

FISH COMMUNITY

Simgle-pass
electrofishing survey
SPECIES INVENTORY following Section 3 of
the: Ontario Stream
Azszszment Protooo

Within longtudinal Every cfer year over the
profile arsa. monicring period.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 18C — MOBKINGSIDE TRIBUTARY (DOWNSTREAM)

MOMITORING MEASURE METHOD SPATIAL SCALE MONTORING FREQUENCY TIMING

WATER QUALITY

In sity messursment of | Lpseam, within and

o Every cther year over the Surrmer
WATER CHEMISTRY basic water chemistry | downstream of the L P
F—— eecjiect ates. maorarng period. (krasefiow]
: , .| A characteristc
e I nf fha Mes
BENTHIC MACRO- g:ﬂ .i:lae:; EE ;3'": segment of the project| Every other yesr over the Summer
INVERTEERATES EmEn ared (refer fo sl mariiorng period. (Brazefiow)

Prodocol, mag.

RIPARIAN CONDITIONS

RIPARIAN AREA [ Visual inspaction of
RESTORATION riparian wegetation and | AL channg cross- Every other year over the
PLANTING Lire Intsrcept Tranzects | sections maniorng peniod.

ASSESSMENT iHarriz 2005).

Summer

ENGINEERED ! BIOENGINEERED ELEMENTS

VISUAL ASSESSMENT Mo enginzsred or hioenginesred elements were identified at this site

SOCIAL I CULTURAL ELEMENTS

M opinion survey i recommended as the si2 iz not in a high public-use ares
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A

GEOMORAHIC SOLUTIONS

NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMOR~PHIC SOLUTIONS
@ NCD Monitoring Rapid Assessment

General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 180 - MORNINGSIDE TRIEUTARY (MEILSCN)

MOMITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

FLUNIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

Forrmal fluvial geomorphalogy monitcring alksady sstablished through other project.
RAPID ASSESSMENTS 8 rnoesy " d = “

SUB-REACH MAP

PHOTOGRAPHS FROM
FIXED YANTAGE
POINTS

BAMK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT . . . o )
ASSESSMENT Ingiream habitat to be evalusted using fuvial geomomhology daia.

FISH COMMUNITY

Single-pass
electrofiching survey
SPECIES INVENTORY following Section 3 of
the Ontario Stream
Azzeszment Protoos

Within lomigtudinal Ewvery oter year over the
profile ansa. maonitoring period.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 180 — MORNINGSIDE TRIBUTARY (WEILSCN)

MOMITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Water quality for this reach is asseszed through data collection from Site 18C downstream.

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA [ Vizual inspection of
RESTORATION tiparian vegetslion and | A% channgl cross- Every ather year ower the
PLANTING Lire Intercept Transects | sections mantorng period.

ASSESSMENT (Harriz 2005).

Summer

ENGINEERED / BIOENGINEERED ELEMENTS

VISUAL ASSESSMENT Mz enginesred or kiosnginesnsd slements were identified at this sitz

SOCIAL f CULTURAL ELEMENTS

Miz cginion survey is recommendead as the e iz notin a high publc-use ares

Final Report Page E76



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMDa2HIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GSEOMOR~HIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 20 - LOWER MILME CREEK

MONITORING MEASURE ~ METHOD SPATIAL SCALE MONTORING FREQUENCY

FLUWIAL GEOMORPHOLOGY
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 20 - LOWER. MILME CREEK

MOMITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site i lezs than 1000m in length, thersiors no water quality monitoring is recommendes

BENTHIC MACRO-
INVERTEBRATES

RIFARIAN CONDITIONS

RIPARIAN AREA [ Vizual inspaction of
RESTORATION fiparian vegetation and | AL channgl cross- Every other year over the
PLANTING Lire Intercept Transects | sections montonng period.

ASSESSMENT (Harriz 2005,

Summer

ENGINEERED | BIDENGINEERED ELEMENTS

Vizual qualtative
assegement and
photographic . -
VISUAL ASSESSMENT documentaticn of Enfire project area.
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vegetation components.

Every cther year over the

maritonng period. Summet

SOCIAL / CULTURAL ELEMENTS

M cpinion survey i recommended as the s iz nol in a high publc-use arss
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NCD Monitoring Rapid Assessment

GEOMORPHIC SOLUTIONS

General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 21— MIMICO CREEK

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY

FLUVIAL GEOMORPHOLOGY
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 21 - MIMICO CREEK

MOMITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site iz less than 1000m in length, thensfore no water qually monitoring is recommended

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA ! Vizual inzpection of
RESTORATION riparian vegetation and | A% channg cross- Every other year over the
PLANTING Lime Interospt Transects | sections moniorng period.

ASSESSMENT (Harriz 2005).

Summer

ENGINEERED / BIDENGINEERED ELEMENTS

Vizual qualtative
azgessment and
photographic - . .
VISUAL ASSESSMENT documentation of Entire project area.
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vegetation components.

Every other year over the

moriiarng period. Summer

SOCIAL / CULTURAL ELEMENTS

M opinioen survey is recormmended as the g2 iz notin a high public-uss arss
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 23 - CARRUTHERS CREEK NORTH OF ROSSLAND RD

MONITORING MEASURE  METHOD SPATIAL SCALE MONTORING FREQUENCY

FLUWIAL GEOMORPHOLOGY
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 23 - CARRUTHERS CREEX NORTH OF ROSSLAND RD

MONITORING MEASURE METHOD SPATIAL SCALE MONTORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site i less than 1000m in length, thensfone no water quality monitoring is recommendes

BENTHIC MACRO-
INVERTERRATES

RIPARIAN CONDITIONS

RIPARIAN AREA [ Vizual inspection of
RESTORATION tiparian vegetation and | A% channgl cross- Every ather year over the
PLANTING Line Intercept Trancects | sections MCEoEng period.

ASSESSMENT (Harriz 2005).

Summes

ENGINEERED / BIOENGINEERED ELEMENTS

VISUAL ASSESSMENT Mz enginesred or bioenginesnsd slements were ideniified at this sits

SOCIAL / CULTURAL ELEMENTS

M cpinion survey i recommended as the site iz nolin a high pubbc-use arss
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 24 — NEILSCN TRIBUTARY

MONITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

FLUWIAL GEOMORPHOLOGY

CHANNEL CROSS-
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SURFICIAL SEDIMENT
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 24 — NEILZON TRIBUTARY

MOMITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Water quality for this reach is asseszed through data collection from Site 18C downstream.

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA [ Vizual inspection of
RESTORATION tiparian vegetslion and | A% channgl cross- Every ather year ower the
PLANTING Lire Intercept Transects | sections mantorng period.

ASSESSMENT (Harriz 2005).

Summer

ENGINEERED / BIOENGINEERED ELEMENTS

VISUAL ASSESSMENT Mz enginesred or kiosnginesnsd slements were identified at this sitz

SOCIAL f CULTURAL ELEMENTS

Miz cginion survey is recommended ag the 22 iz not in a high public-use ares
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GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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GEOMORPHIC SOLUTIONS

NCD Monitoring Rapid Assessment
General Site Characteristics
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GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 25— TENNIS CANADA

MONITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY

FLUVIAL GEOMORPHOLOGY
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 25— TEMNIS CAMADA

MONITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site is less than 1000m in length, thersfone no water qually monitoring is recommended

BENTHIC MACRO-
INVERTERRATES

RIFARIAN CONDITIONS

RIPARIAN AREA | Visual inzpection of
RESTORATION riparian vegetation and | Af channel cross- Every other year over the
PLANTING Lire Intercept Transects | sechons MCNEorng period.

ASSESSMENT (Harriz 2005).
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VISUAL ASSESSMENT documentation of Enfire project area. manitorng period Summet
siructural arid

VEGETAlon COMBoNents.

SOCIAL / CULTURAL ELEMENTS

Mo opinion survey is recommended as the e ig nolin a high public-use arss
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GEOMOIRAFPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 26 - FANSHORE WATERCCURSE

MONITORING MEASURE METHOD

FLUWVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

LONGITUDINAL
PFROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

RAPID ASSESSMENTS

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

SPATIAL SCALE

MONITORING FREQUENCY

10 monumented orogs- | 0 L -

o Vithin longitedinal Every other year ower the .
sections ingtalled shove | | e ; Summer / Fd
- orofle area. moniorng period.

Morumenied Cun - -
longitudingl profile using |  Entre project ares ;].;.:-{-Dn-ﬂr;ler ﬁ;ﬁh the Summer / Fd
survey equipment. rng e )
Pebkle count at crose- | Performed af cross- | Every other year over the o .
sections, sectons Monsorng period. Summer | 72
Rapid Geomomphic
Azgeszment (MOE Cuny - -
2003) and Rapid Siream|( Enfre project area ;].;.:"{':::ﬂer ﬁ;ﬁk the Bummer / Fd
Azszzament Technigue g e )
(Gal 1296).
Oks=enationbassd - - =
mapping of project amea |  Entee project ares ;].;"{-Du'ﬂr:er ;;.:;a:'r‘:cf.b the Surmrmer [ Fa
on Eiandard formes. nge )
Taken at each cross-

. zechon and
Photographic . -

. . throughowt sroject Every other year ower the o o
d-:l;;ge-naucn of area including Monsorng period. Summer | 72
RrojcL upsiream and

downstream exients.
. e . Installed at —_— - .
[ iia"alm of erosion nemmanent cross ;].;.:-{'D-::?er i-.:;aﬂr‘:mt the Summer | Fa
pIns. zections nge )
Ingtream hakitat io be evalusted using fuvisl geomomhology data.
Mo gpecific fish community targets known at this ime. Monitoring of thes parameter to be
determinsd
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 26 — FANSHORE WATERCOURSE

MOMITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Siteis less than 1000m in length, thensiore no water qualty monitorng is recommendes

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA [ Vizuzl inspection of
RESTORATION tiparian vegetalion and | A% channgl cross- Every other year over the
PLANTING Line Intercept Trangects | sechons. MoNLorng period.

ASSESSMENT {Harriz 2005).

Summer

ENGINEERED f BIDENGINEERED ELEMENTS

VISUAL ASSESSMENT Mo enginssred or bioenginesred slements were idendified at this itz

SOCIAL / CULTURAL ELEMENTS

M oginion survey i recommended as the site iz notin a high public-uss ares
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GEOMOR2HIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 27 — MIMICO CREEK TRIBUTARY

MOMITORING MEASURE  METHOD

FLUMIAL GEOMORPHOLOGY

CHANNEL CROS5-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT

CHARACTERISTICS

RAPID ASSESSMENTS

PHOTOGRAPHS FROM

FIXED YANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

& monurmarted cross-

SPATIAL SCALE

Within longitudinal

MONITORING FREQUENCY

Every other year over the

sections installed shove = ; Summer ! Fd
brifull profile area. micniorng period.
Menumenied Fua - =r
longiudingl profile using | Entre project ares ;].;.:-_!-:lnﬂer 3;;3::;:-'.& the Summer / Fa
survey equipment. NG E :
Pebile count at croge- | Performed at cross- | Every other year over the e |
seclions., zechons montonng period. Summer [P
Rapid Geomomphic
Azszssmert (MOE Coe I
2003) and Rapid Sircam| Enfre project arsa ;].;.:-_!-:lnﬂer 3;;3::;:-'.& the Summer ! Fdl
Azszszment Techrigue NG E :
(sl 1996).
Desenation-sassd Fues = =r
mapping of project amea | Entre project ares ;]';”:‘f':lnﬂm :’;?::f"'“ the Summer | Fal
on siandard formes. NG :
Taken at 2ach cross-

) zecton and
Photograghic . -

- . throwghow project Every other year over the o -
drn::uege-naucn of area including montonng period. Summer [P
RrOEEL upeiream and

downsiresm exienis.
. o . Inztalled at I - -
I _s:alla.m of Brosion nermanent croes _.'u'::' other year ove the Summer | Fa
pine. sections micniorng period.

Instr=am habddat o be evaluated using fuvizl gzomorphology data.

Mix specific fich community targets known at this time. Monitoring of this parameter to be

determinsd
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 27 - MIMICO CREEK TRIBUTARY

MONITORING MEASURE ~ METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site is less than 1000m in length, thersfore no water quality monitoring is recommended

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN COMDITIONS

RIPARIAN AREA [ Vizual inspection of
RESTORATION tiparian vegetzlion and | AL channgl cross- Every ather year over the
PLANTING Lire Intercept Transects | sections Montonng period.

ASSESSMENT (Harriz 2005).

Summer

ENGINEERED [ BIDOENGINEERED ELEMENTS

VISUAL ASSESSMENT Mz enginesred or bioenginesred slerments were identified at thi zits

SOCIAL  CULTURAL ELEMENTS

Miz cpinion survey & recommended as the sig iz notin a high public-use arss
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GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment

General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 28 - ROUGE RIVER TRIBUTARY

MONITORING MEASURE METHOD

FLUWIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

RAPID ASSESSMENTS

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BAMK ERDSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMBILINITY

SPECIES INVENTORY

10 monumented cross-

SPATIAL SCALE

Withim longitudingl

MONTORING FREQUENCY

Annual up to and incuding
2008, then every ofther year

. - - 2 E - I'
ng-l:?ulls netalied shave crofle area. over the remaining Summer | Fa
) moniorng period.
Monumented Annua up to and ncuding
longitudingl profile using | Entre project ares ;EE-EmQEr;r?:-ﬁ:ha Yo | cummer/Fa
sunvey equpment. monorng period.
Annual up to and incuding
Pebile count at cross- | Performed at cross- | 2008, then every other vear | . .
seclions. sechicns over the remaining Summer | Fa
moniorng period.
ﬁg‘;ﬁ,}”ﬁg‘é Annua up to znd incuding
2003) and Rapid Streamn| Entre project area JEE?;h'hE-' mr!':c"hd Y summer Fa
Azseszment Techrigue Cver e rEmaning
(Galli 1996), mondorng period.

. . Annual up to and incuding
Dmemnnta_gad . . 2008, then every other year -
mapping of project area | Entme project ares over the rermainng Summer | Fa
an e1andard forms. montorng period.

Taken at each cross-
) sechion and Annua up to znd incuding
Photographic . -
- . throwghout project 2008, then every other year | .
g?::uege-na'ucn of area including over the remaining Summer | Fa
. upsiream and mantorng period.
downstresm exients.
Inetalled at Zeazonal up to and mchuding
Ingiallation of ercsicn 2008, then every other year | .
pins. ;Er:;r:ﬁ:w: bross over the remaining Summer | Fa

Ingiream habitat o be evalusted using fuvisl geomomhology data.

Mo specific fish community targets known at this time. Monitoring of this paramester to ke

determingd

MoNTorng period.
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 25 - ROUGE RIVER TRIBUTARY

MONITORING MEASURE SPATIAL SCALE MONITORING FREQUENCY  TIMING

WATER QUALITY

WATER CHEMISTRY

Site i less than 1000m in length, thersfore no water qualty monitoring is recommended

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA [ Vizsual inspection of Annual up to and including
RESTORATION tipadan vagetation and | AL channg cross- 2008, then every ofher year
PLANTING Lire Intercept Transects | sectons over the remaining

ASSESSMENT {Harriz 2005). montorng period.

Summer

ENGINEERED I BIOENGINEERED ELEMENTS

Visual qualtative

acgessment and Annual up to and mcluding
photographic - . - 2008, then every other year

WVISUAL ASSESSMENT documentation of Endire project area. owver the remaining monioring

siructural and pericd.

vegetation components.

Summer

SOCIAL I CULTURAL ELEMENTS

M cgimion survey i recommended as the e%2 iz notin 3 high public-uss arss

Final Report Page E104



A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 28 - TRANQUILITY STREAM

MONITORING MEASURE ~METHOD SPATIAL SCALE MONITORING FREQUENCY

FLUWIAL GEOMORPHOLOGY

10 menumenied cross- | L L _
CHANNEL CROSS- o Within longitudinal Every ather yzar over the .
SECTIONS seciians insialled ahove srofie area. monorng period. Summer | F2
banifull.
LONGITUDINAL Monumenisd 200m reprecentative Every ofher vear over the
PROFILE longitudingl profile using | section (refer io sie ;'I:II:?I:I'I‘I :f;;am Summer | Fai
curvey equipment. mag} ngE ’
SURFICIAL SEDIMENT Pebkle count at cross- | Performed al cross- | Every other year over the Summer / Fa
CHARACTERISTICS seclions. zechions Montorng period. '
Fapid Gzomorphic
Azezsament [MOE Cun - -
T LS S GOl 2003) and Ragid Stream|  Enére project area ;]‘:l:?n'f':"er i the | cummer 2
Azseszment Techmioue SngE :
(Gali 1296).
Obsenvation-sassd Firy - ¢
mapping of project area | Entre project ares ;].;:':f':ln'ﬂr;ler :f;f::fh the Summer | Fai
on siandard formes. Hrnge :
Taken at each cross-
: gecton and
PHOTOGRAPHS FROM S doalsl s " . _— . i
FIXED VANTAGE documentation of troughout eroject | Euery oleryear lerhe | ummer Fa
POINTS proisct ared incuding miontorng period.
: upsiream and
downstresm exients.
. o . Inztalled at —_— - .
BANK EROSION PINS Insiallation of erosion permanent cross Ve other year over the Summer / Fa
pire. sectione mondorng period.
AQUATIC HARITAT
IN-STREAM HABITAT I _ ) m .
ASSESSMENT Instr=am habdat 1o be evalusied using fuvial geomorphology data.
FISH COMMUNITY
SPECIES INVENTORY Elﬁn:t:rnr?i:;]igg figh community targets known at this time. Monitoring of thes parameter to be
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM
SITE 28 - TRANQUILITY STREAM

MOMITORING MEASURE METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site iz less than 1000m in length, thersfore no water qually monitoring is recommended

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA [ Visual inspection of
RESTORATION riparian vegetation and | Af channgl crogs- Every ather year over the
PLANTING Lire Intercspt Transects | sectione Montorng period.

ASSESSMENT (Harriz 2005).

Sumrmer

ENGINEERED / BIDOENGINEERED ELEMENTS

Visual qualiaive
azssgement and
photographic . N
VISUAL ASSESSMENT documentation of Enfire project area.
siructural and
vegetation components,

Every other year over the

morsionng period. Summer

SOCIAL 1 CULTURAL ELEMENTS

Mo cpinion survey i recommended as the gtz is not in @ high public-use ares
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS

NCD Monitoring Rapid Assessment

General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

GEOMORPHIC SOLUTIONS

NCD Monitoring Rapid Assessment
General Site Characteristics
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A Literature Review and Preliminary Assessment of ‘Natural’ Channel Design Projects

NCD MONITORING PROGRAM

SITE 304 - UPPER MILNE CREEK (S0OUTH OF BULLOCK DRIVE)

MONITORING MEASURE METHOD

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS-
SECTIONS

LONGITUDINAL
PROFILE

SURFICIAL SEDIMENT
CHARACTERISTICS

RAPID ASSESSMENTS

PHOTOGRAPHS FROM
FIXED VANTAGE
POINTS

BANK EROSION PINS

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY

10 menumenied cross-

SPATIAL SCALE

Within longitudinal

MONITORING FREQUENCY

Annuzl up to and ncuding
2008, then every ofher year

e o o
;J;I:Igulls imgialied shove profle area. over the remaining Summet (73
: maondoring period.
Monumanted Annua up to and ncuding
longitudinal profile uging | Entire project area ;’EESME?;?;E:H VeI | oo e
Eurvey equpment. montoning period.
Annuz up to and ncuding
Pebisle count at cross- Performed at cross- | 2008, then every other year | -
seclions, secions over the remaining Summer | F2
montoring period.
E&lﬁﬁ‘;’:ﬂﬁg; Annuzl up to and ncuding
2003) and Rapid Stream|  Enfre project area ‘EE?ﬁ;hEﬁ .;-ﬂ.rgr}.:c-:har VS| cummer [ Fa
Azzzzament Techrigue over e remaining
(Gali 1996). montoring period.
. _ Annuzl up to and ncuding
Obzenvationbassd SrnE ——
mapping of project area | Enfre project area ;'EE?MET;?;?':I':H Yo | cummer i Fa
on sizndard forms. montoning period.
Taken at each crozs-
) zecton and Annuzl up to and ncuding
Photographic ; . nna 4 o
. ; throughout project 2008, then every ofher year | - -
d?::uegemen of area including over the remaining Summer | F2
RIQEEL upsiream and maoniorng period.
downstream exienis.
Seasonal up 1o and moiuding
) . Inztalled at
Imgtallation of ercsicn 2008, then every ofher vear | -
pires. ;E;r:r?;m Lot over the remaining Summer | F2

Imgirzam hakeiat 1o be evaluated using fuvisl geomomphology data.

Mo specific fish community targete known at thic time. Monitaring of this parameter to be

determined

MoASoRNG period.
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NCD MONITORING PROGRAM
SITE 304 - UPPER MILME CREEK (SOUTH OF BULLOCK DRIVE)

MONITORING MEASURE SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site is less than 1000m in length, thersiore no water quality monitorng is recommengded

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN CONDITIONS

RIPARIAN AREA I Vizsuzl inspection of Annuzl ug o and inciuding
RESTORATION riparian vegetation and | AL channgl crogs- 2008, then every other year
PLANTING Lire Intercept Tranzects | sections oner the remaining

ASSESSMENT {Harriz 2005). Mantorng period.

Summer

ENGINEERED / BIOENGINEERED ELEMENTS

Visual qualiative

acgesement and Annual up to and ncluding
photographic - . . 2008, then every ofher year

VISUAL ASSESSMENT documenitation of Entire pecject area. over the remaining monitoring Summet
giructural and period,

vegetabion components.

SOCIAL | CULTURAL ELEMENTS

M opinion survey iz recommended as the stz iz nolin a high publc-uzs ares
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GEOMORPHIC SOLUTIONS

NCD Monitoring Rapid Assessment

General Site Characteristics

DatTime:__ &Y ﬂ! 5

Location:_DAEEH

Weather_ O SN0

StreamPeach; [THEE Mk
Loeation and Candition of: Instream structures, bicenglneering and riparian vegetation.
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Flow Type
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NCD MONITORING PROGRAM

SITE 30B - UPPER MILME CREEK (MORTH OF BULLOCK DRIVE)

MONITORING MEASURE ~ METHOD

FLUVIAL GEOMORPHOLOGY

CHANNEL CROSS- 10 monumenied cross-

SPATIAL SCALE

Within lorgitwdinal

MONTORING FREQUENCY

Annuzl up o and incuding
2008, then every ofher year

P - o
SECTIONS f:;::;ulls nsialed shove srofle area. over the remaining Summer [ F2
: monioning period.
Monumented Annua up to and ncuding
CONGIIEIRAAR longitudgingl profile using [ Entre project ares 2008, then every oiher year Bummer | Fa
PROFILE curvey BaEEmEnt oner the remaining
Uicy equpment. montoning period.
Annuzl ue o and incuding
SURFICIAL SEDIMENT Pebile count at cross- Performed af croes- | 2008, then every other year Summer | Fa
CHARACTERISTICS gections, sechons over the remaining '
monioring period.
E‘:Sé;%e;rx:'ﬁg; Annua up to and ncuding
ST G e = el 2003 and Ragid Siream| Entee projectares. | —ooo: heneveryotheryes | o iea
Azsszsment Techrigue over the remainng
(Gall 1996). mondoring period.
. _ Annuzl up o and incuding
Uksenvation-oased I . 2008, then every ofher year | . -
mapping nTp_ruje-:t area | Enfre project area over the remaining Summer | Fal
on siandard formes. monitorng period
Taken at each cross-
L sechon and Annuzl ue o and incuding
N thr':'g aph!u throwghout sroject 2008, then every other year .
FIXED VANTAGE documentation of ncludi e th o Summer | Fa
POINTS projsct ared including over the remaining
' upstream and mondoring period.
downsiream exients.
Inetalled at Zeazonal up to and mcuding
BANK ERDSION PINS I-'ls’.alla'.l:u-' of erogion hermanent cross 2008, then Every other year Summer | Fa
pire. sachons ower the remaining

AQUATIC HABITAT

IN-STREAM HABITAT
ASSESSMENT

FISH COMMUNITY

SPECIES INVENTORY Mo specific fish community targete known at this time. Monitaring of this paramater o ks

determings

Instream habitat 1o be evalusted using fuvizl geomomphology data.

MONEonNG period.
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NCD MONITORING PROGRAM
SITE 30B - UPPER MILME CREEK (MORTH OF BULLOCK DRIVE)

MOMITORING MEASURE  METHOD SPATIAL SCALE MONITORING FREQUENCY TIMING

WATER QUALITY

WATER CHEMISTRY

Site iz leze tham 1000m in length, thersiore no water quality monitorng is recommended

BENTHIC MACRO-
INVERTEBRATES

RIPARIAN COMDITIONS

RIPARIAN AREA | Vizual ingpection of Annual up to and incuding
RESTORATION tiparan vegetalion and | Al channgl cross- 2008, then every ofher year
PLANTING Lire Intercept Tramsects | sechons ower the remaining

ASSESSMENT {Harriz 2005). MENLorng period.

Sumrmer

ENGINEERED § BIDENGINEERED ELEMENTS

Vizual quaitalive

azseszment and Annual up to and nchading
phiotographic . " 2008, then every oither year

e documentation of Enire praject area. over the remaining monitoring Summer
eiructural and period.

vegetaton components.

‘SOCIAL | CULTURAL ELEMENTS

M opinion survey & recommended as the ste ig notin a high publc-use arss
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GEOMORPHIC SOLUTIONS
NCD Monitoring Rapid Assessment
General Site Characteristics
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