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1.0 INTRODUCTION 
 
These Fluvial Geomorphology Guidelines have been developed to provide CVC staff 
and applicants with guidance on when and what fluvial geomorphological analyses are 
required.  Like all other Conservation Authorities, CVC derives its authority from the 
Conservation Authorities Act and regulates development within regulated areas and 
interference within wetlands and alterations to shorelines and watercourses pursuant to 
Section 28 of the Act. CVC also provides planning and technical advice to planning 
authorities to assist them in fulfilling their responsibilities regarding natural hazards, 
natural heritage and other relevant policy areas pursuant to the Planning Act. These 
Guidelines provide a framework for CVC staff and applicants to ensure that the 
Provincial Policy Statement, 2014, relevant official plan and secondary plan policies of 
the watershed municipalities, and current CVC policies, guidelines, practices and 
management study recommendations are addressed. 
 
This Guidance Document is a resource that provides an overview of the general study 
requirements for planning and project applications as they pertain to geomorphology.  
The Fact Sheets were developed to provide designers/reviewers with a step by step 
guide to the application of geomorphology as it relates to planning and projects.  It also 
provides pertinent context in the form of check lists and a glossary of terms.  This 
document is intended as a reference guide, and purposely avoids an in depth 
discussion of geomorphological principles, assuming that a qualified practitioner will 
have a grasp of the theory and its application. Instead it provides an overview along with 
direction to complementary publications (See Appendix B that provides a Glossary of 
Terms, Appendix C that provides a Hazard Assessment Resource List and Appendix D 
containing a Resource List of Stream Crossing).   
 
 
Geomorphology is only one facet of developing an appropriate plan to address potential 
negative impacts associated with most land use changes.  Addressing 
geomorphological concerns does not preclude the need to address the requirements of 
other disciplines, such as engineering and ecology.  We encourage proponents and 
designers to use pre consultation with CVC staff at the early stages of a project to 
discuss objectives, targets, and approaches.   
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2.0 CONTEXT 

2.1 FLUVIAL GEOMORPHOLOGY AND PLANNING  

 
Fluvial geomorphology is the study of form and physical function of watercourses.  It 
requires an understanding of not only the form of the channel, but active processes, and 
controlling and modifying factors.  Figure 1  is a conceptual flow chart of the application 
of geomorphology in adaptive management (modified from Sear et al. 1995).  The 
application of fluvial geomorphology allows the dynamics of watercourses (i.e., erosion 
rates, channel migration, and sediment transport) to be quantified. Geomorphological 
observation provides methods to identify systematic adjustments in unstable or evolving 
systems.  Understanding these systematic adjustments allows long-term potential 
hazards and final outcomes to be identified, and the impact of further or continued land 
use change to be estimated.  This information allows for informed decisions that 
promote ‘healthy’ stream function.  It also provides guidance with regards to when and 
where impact mitigation measures and plans may be required.  For effective decisions 
to be made a systematic approach, grounded in the applied science, must be taken at 
the evaluation stage.  This guiding document, and the Fact Sheets, provides a 
systematic list of the steps for application of fluvial geomorphology methods in the 
planning process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Conceptual flow chart of the application of geomorphology in adaptive management 
(modified from Sear et al. 1995). 
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2.2 FACT SHEETS AT A GLANCE  
 
The individual Fact Sheets provide a step by step overview of the general study 
requirements for specific activities as they relate to fluvial geomorphology.  Each Fact 
Sheet includes a rationalization for the fluvial geomorphological assessment, the 
objective, goals and outcome of the study, general requirements for undertaking the 
work, and its integration with the planning and project application. 
 
There are five fact sheets in this document: 
 

• Fact sheet I pertains to hazard delineation of watercourses in confined and 
unconfined systems to identify existing hazards and limit of hazard for future 
development;  

 
• Fact sheet II is the application of geomorphology in the development of 

appropriate stormwater management plans to limit potential negative impacts 
from land use change;   

 
• Fact sheet III is addressing geomorphological concerns in stream crossing 

location, sizing and design;   
 

• Fact sheet IV provides an overview of the geomorphological requirements 
associated with the planning process and development applications, which 
involves baseline data collection, identification of geomorphically sensitive 
reaches, delineation of hazards and support of stormwater management through 
the provision of erosion thresholds and target flows; and   

 
• Fact sheet V outlines the application of geomorphology in the development of 

natural channel designs.   
 
Fact Sheets I, II. III and V may also be relevant to individual components of the planning 
process and development applications covered in Fact Sheet IV 
 
  



Credit Valley Conservation Fluvial Geomorphic Guidelines 
 

4 
 

3.0 FACT SHEETS 

3.1 FACT SHEET I: GEOMORPHOLOGICAL HAZARDS – CONFIN ED AND 
 UNCONFINED WATERCOURSES 
 
Channel migration and erosion can create substantial risk to inappropriately located 
development and result in the need to armour or train channels, which impacts channel 
form and function and can result in degraded aquatic habitat.  The CVC Watershed 
Planning and Regulation Policies, 2010 provide guidance with regards to addressing 
hazards associated with channel migration to alleviate these risks and reduce the need 
for structural solutions.  The main goal is to reduce risk by eliminating development 
within hazard areas, thereby reducing impact to channel function including sediment 
transport and channel migration.  This also reduces the potential disruption or 
fragmentation of aquatic and terrestrial habitat. 
 
There are two approaches presented by Ontario Ministry of Natural Resources (2001) 
for determining the erosion hazard limit for watercourses.  These two approaches are 
based on the relationship between the watercourse and its valley. These are defined as 
confined and unconfined systems.  Confined systems are those where the watercourse 
is located in a well defined valley corridor or where valley wall contact is possible, 
whereas unconfined systems are systems where the watercourse is located within a 
poorly defined valley with limited or no discernable slopes.   Another potential type of 
unconfined channel is where the channel is misfit to its valley.  Misfit valleys occur 
where the valley was created by other processes, such as glaciation, or where historic 
flows (such as from glacial outwash) were substantially larger than current dominant 
flows. Under these conditions the valley width can be significantly larger than expected 
from the scale of the present watercourse.     
 
The two types of systems are treated differently to address the difference in potential 
hazard.  In unconfined systems the hazard is from channel erosion and migration.  As 
such, unconfined systems require a meander belt width and associated erosion 
allowance to be determined.  Confined systems, on the other hand, require both 
channel migration or erosion and slope processes to be considered.  As such, they 
require both a toe erosion allowance and a stable slope allowance (i.e., the setback that 
ensures safety if slumping or slope failure occurs).   

 
3.1.1 Unconfined Systems 
 
Delineation of erosion hazards in unconfined systems require the determination of a 
meander belt width, which is usually, composed of the largest meander amplitude, an 
allowance for erosion and a factor of safety, if required (Figure 2a).  The meander belt 
width defines the area the watercourse currently occupies and that could potentially 
occupy in the future.  Methods for determining meander belt widths are outlined in the 
Toronto and Region Conservation Authority’s Belt Width Delineation Procedure, 2004.  
A list of resources describing other methods of hazard delineation and meander belt 
width assessment can be found in Appendix C.  In all cases the meander belt width 
should address the equilibrium planform of the watercourse through an assessment of 
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the largest meander amplitude, potential future erosion (usually based on a 100 year 
timing window), and in some cases a factor of safety associated with anticipated future 
changes in the hydraulic or sediment regime, or systematic adjustments (e.g., 
downcutting or channel widening) (Figure 2b).  Additional  consideration may be 
necessary for an access allowance, which should be included in the extent of the 
hazard limits.  Depending on setting, antecedent conditions, historic changes or 
modifications to the watercourse, and potential future impact to watercourse hydrology 
or sediment regime, one method may be more appropriate than another in quantifying 
the meander belt width.  Where possible, meander belt widths should be calculated 
from channel measurements.  Modeling approaches should be reserved for heavily 
impacted channels or where substantial changes to hydrology are anticipated.  As 
noted, given the stability or potential for long term evolution (systematic adjustment) of a 
given watercourse additional allowances may be required. 

 
Given the complexity and diversity of watercourses within the CVC watershed, the 
appropriate methodology should be agreed upon in consultation with CVC staff before 
proceeding with the assessment.   
 

Figure 2: a) Anatomy of a meander belt width (uncon fined)  
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Figure 2: b) Planform view of erosion setback in an  unconfined system 

 
 
3.1.2 Confined Systems 
 
Delineation of erosion hazards for confined systems requires 1) the quantification of 
rates of erosion at the toe of slope to determine a toe erosion allowance (both lateral 
and downstream), 2) determination of geotechnically stable top of slope, and 3) 
determination of development setback (For details refer to CVC Slope Stability 
Definition & Determination Guideline and CVC Watershed Planning and Regulation 
Policies, 2010 )  
 
Confined systems require a toe erosion allowance to account for the 100-year erosion 
limit for areas where the watercourse is within 15 m of the valley wall.  This is used 
instead of a meander belt width in confined systems.  The erosion setback should 
address lateral and downstream migration of meanders, long term anticipated 
systematic adjustments in the watercourse (where applicable), and, in some cases, a 
factor of safety associated with anticipated future changes in the hydraulic or sediment 
regime (Figure 3a ).  The toe erosion allowance should be determined based on a 
detailed geomorphological study or based on CVC Watershed Planning and Regulation 
Policies, 2010.  Where a detailed study is not completed, the setback should be applied 
along the entire length of the top of slope.  Where a detailed study is completed the 
setbacks can be applied where toe erosion issues would be anticipated due to proximity 
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of the watercourse, downstream and lateral migration, and potential future adjustments 
(Figure 3b ). 
 
The geotechnically stable top of slope is determined through a geotechnical analysis 
that quantifies a factor of safety and may be steeper or gentler than 3H:1V (for details 
refer to CVC’s Slope Stability Definition & Determination Guide).   The determination of 
the stable slope line accounts for conditions where slopes are over steepened or where 
the watercourse is within 15 m of the toe of slope and, as such, where the stability of the 
existing top of slope may pose a risk to development(Figure 4 ).  
 
3)   Additional consideration may be required for an access allowance, depending on 
the nature and extent of slope instability and erosion processes.  For minimum 
development setback/ allowance refer to CVC’s Planning and Regulation Policies 
(2010).  
 
 

a)       b)                
 

 
Figure 3: Planform view of erosion setback treatmen t without (a) and with (b) detailed study 
(confined). 



Credit Valley Conservation Fluvial Geomorphic Guidelines 
 

8 
 

Figure 4: Cross-section of a long term stable slope  line ( confined). 
 
 
 
3.1.3 Geomorphological Assessment for Confined and Unconfined Systems 
 
Quantifying hazards associated with channel migration is best addressed through a 
geomorphological assessment that includes an evaluation of channel stability, and 
quantification of potential channel adjustment, through historical assessment and/or 
acceptable modeling techniques.   
 
To provide the required insight into the hazard delineation, a geomorphological 
assessment must be completed. The following activities, at minimum, should be 
included in the geomorphological assessment: 
 

• Reach delineation based on scientifically defensible methodology (e.g. 
Montgomery and Buffington, 1997, Richards et al. 1997, Toronto and Region 
Conservation Authority, 2004); 

• Rapid assessment to evaluate stability of reaches based on acceptable rapid 
assessment protocols (e.g., Index of Stability (Downs, 1995), Rapid 
Geomorphological Assessment (Ontario Ministry of the Environment, 2003), or 
other suitable methods in consultation with CVC staff; 

• Mapping of areas of channel erosion, valley wall contact and active slope 
processes;  

• Quantification of channel adjustment and migration (both lateral and 
downstream) through an historical assessment by way of aerial photographic 
interpretation and/or inferred through measures from adjacent infrastructure (at 
minimum 25 year time span should be assessed);  
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• Where historical observations cannot be made, or significant change in the 
flow regime is anticipated, modeling approaches may be required (acceptable 
modeling approaches should be decided in consultation with CVC staff); and 

• Where an additional factor of safety associated with anticipated future changes 
in the hydraulic or sediment regime, or systematic adjustments (such as 
downcutting or channel widening) are not provided, this must be supported by 
appropriate rationale.  

 
It should be noted that the geomorphological assessment only provides erosion hazard 
delineation.  Complete constraint assessment needs to be take into account.  For 
example, additional setbacks or buffers associated with flooding hazards or natural 
heritage features may be required.  Any hazard delineation should start with pre 
consultation with CVC staff.  Additional information is available in the CVC Watershed 
Planning and Regulations Policies, 2010. 
 
Checklist 

 

€ Geomorphological assessment that provides information on reach delineation 
and reach-by-reach stability including: 

 
• Identification of reach breaks 
• Reach-by-reach descriptions including physical conditions and stability 

 
€ Identification, documentation and mapping of areas of channel erosion, valley 

wall contact and active slope processes 
 
€ Quantification of channel migration, widening and potential downcutting or 

scour, based on historical observation or acceptable modeling 
 
€ In unconfined systems: determination of meander belt width which includes an 

erosion allowance and factor of safety 
€ In confined systems: determination of a toe erosion allowance and the location 

of long term stable slope line (in combination with an appropriate geotechnical 
report)  

 
€ Appropriate rationale where an additional factor of safety is, or is not applied 
 
€ A geomorphologic assessment must be completed by a qualified person 

(professional geoscientist or professional engineer) 
 
€ Rationale must be provided if not using in stream measurements 
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3.2 FACT SHEET II: INSTREAM EROSION AND GEOMORPHOLO GICAL 
 CONSIDERATIONS IN STORMWATER MANAGEMENT 

 
Increased flows associated with land use change can exacerbate erosion within 
receiving watercourses.  This can lead to channel instability, degraded aquatic habitat, 
and can create downstream hazards by increasing rates of bank erosion and channel 
migration.  This occurs because the natural rates of erosion, which maintain channel 
form and function, are exceeded through increases in flows that can do work in the 
channel, or alternatively changes to the sediment supply.  By applying site appropriate 
stormwater management measures, negative impacts to water quality and aquatic 
habitat associated with undesirable and potential costly geomorphological change in 
watercourses can be mitigated. It should be noted that impacts to sediment supply 
should also be considered in development of a comprehensive stormwater 
management plan through the protection of natural sediment supplies.  Maintenance of 
potential sediment supplies is a fundamental component in maintaining dynamic 
equilibrium.   
 
To facilitate these objectives, this fact sheet outlines geomorphological considerations 
and general methods for addressing instream erosion in the design and implementation 
of stormwater management plans.  
 
An understanding of the potential geomorphological response of a receiving 
watercourse to changes in flow regime allows the sensitivity of the watercourses to be 
assessed.  It also allows quantification of their potential to assimilate flows without 
exacerbating or increasing instream erosion beyond natural rates.   
 
In support of this approach a target flow is usually defined for comparison between pre- 
and post-development conditions.  This target flow is usually defined as an erosion 
threshold, which is the flow that theoretically can entrain bed or bank sediments within 
the most geomorphically sensitive reach (Figure 5a ).  In defined watercourses flows are 
based on bed and bank materials and channel geometry.  In natural systems 
watercourses regularly experience flows that entrain and transport sediment; this is part 
of the natural process that maintains watercourse form.  Issues arise when changes in 
the watershed’s hydrology result in an increase in the frequency or period of erosive 
events, or a cumulative increase in the quantity of flow that can entrain and transport 
sediment (Figure 5b )  
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Figure 5 a) Example flood hydrograph showing theore tical potential for sediment transport. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 b)  Example flood hydrographs showing the potential reduction of effective work with 
appropriate storm water management (SWM) before and  after land use change. 
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Theoretically an erosion threshold is assessed by first defining reaches (homogenous 
sections of watercourse) along the network of channels that could potentially be 
impacted.  These  reaches within the channel network are defined and identified as 
geomorphically sensitive – as they are most vulnerable to hydrologic changes.  From 
these reaches target critical velocities or critical shear stresses for the bed or bank 
materials can be defined.  Based on detailed field work and analysis of these reaches 
conservative thresholds can be defined.  Once the critical shear stress or velocity is 
known, the equivalent discharge can be determined from detailed measurements of the 
watercourse geometry.  These threshold flows can be used to compare exceedance of 
pre- to post-development flows.   
 
Site appropriate erosion thresholds for geomorphically sensitive reaches can be 
assessed through a geomorphological assessment.   In general, the geomorphological 
assessment fulfils this requirement by: 

 

• Evaluating channel sensitivity to flow regime change; 
• Identifying specific reaches that would be geomorphically sensitive to changes in 

hydrology; and 
• Provides thresholds from these reaches based on an appropriate detailed 

assessment to guide stormwater management. 
 

The assessment, at minimum, should consist of: 
 

• Reach delineation based on scientifically defensible methodology (e.g. 
Montgomery and Buffington, 1997, Richards et al. 1997, Toronto and Region 
Conservation Authority, 2004); 

• Rapid assessment to evaluate stability of reaches based on acceptable rapid 
assessment protocols (e.g., Index of Stability (Downs, 1995), Rapid 
Geomorphological Assessment (Ontario Ministry of the Environment, 2003), 
Rapid Stream Assessment Technique (Galli, 1996), reach-by-reach assessment 
of sensitivity based on erosion potential, or other suitable methods in discussion 
with CVC staff (including reach by reach assessment of erosion indices); 

• Detailed examination of most geomorhically sensitive reaches following standard 
geomorphological protocols for characterization of reaches; and 

• Define erosion thresholds based on scientifically defensible models.  Numerous 
models are available; a range of model should be applied to assess model 
sensitivity and gain a better understanding of the range of erosive conditions.  
Modeled results should also be compared to actual field observations.  The 
simplest method being spot observations of active or inactivity of entrainment at 
different velocities, discharges, and/or flow depths.  Erosion thresholds will not be 
accepted without at least a cursory level of field verification. 
 

The geographical extent of the assessment is determined by identifying a zone of 
potential impact.  This is usually defined as the length of channel downstream of the 
development to the next major confluence for simple single pond systems.  More 
complicated plans involving multiple ponds, or more than one watercourse may require 
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larger coverage and the provision of a number of thresholds from multiple reaches to 
properly assess potential impact to the channel network. 
 
The limit of significant downstream impacts is associated with the capacity of the 
downstream watercourses to assimilate changes in hydrology. The potential capacity 
can be assessed in several ways. The simplest is an assessment of the relative scales 
of modified drainage area to receiving water courses drainage area. Another method is 
assessment of the scale of the receiving watercourse to downstream watercourses 
based on Horton stream numbering or similar classification. These or other methods 
should be used to provide a rationale for the study area. Irrelevant of the method 
applied, the potential zone of influence or study should be defined in consultation with 
CVC staff to assure appropriate coverage. 
 
Reach scale is usually the most useful spatial scale for delineation and classification in 
erosion studies. Reaches are homogenous sections of channels that have similar 
physical characteristics or controlling factors. Each reach displays similarity with respect 
to its physical characteristics such as channel form, function, and valley setting and 
therefore is likely to have similar response to changes in flow and sediment regimes 
within these units. Delineation of a reach considers planform, gradient, hydrology, local 
surficial geology, physiography, and vegetative/land cover control (Montgomery et al., 
1997; Richards et al., 1997). Reach delineation should, at minimum, be based on 
assessment of current aerial photographs, surficial geology and topographic mapping. 
Desktop reach delineation should be field verified, with adjustments to desktop 
assessment, where necessary.   
 
Selection of geomorphically sensitive reaches is based on identification of reaches with 
the least capacity to assimilate increases in flow. There are several factors that can 
affect assimilation including stability, past impacts on channel form, threshold of 
dominant bed and bank materials, physiography, and size/physical capacity of the 
reaches channel.  Minor receiving tributaries, even if stable, should be considered for 
detailed assessment if physical capacity is limited.  Where multiple reaches are similarly 
geomorphically sensitive along a tributary, multiple detailed assessments and erosion 
thresholds quantification may be required. At least one reach per receiving tributary 
should be defined, unless the selected downstream reach is shown to be limiting reach. 
 
Detailed examination of most geomorphically sensitive reaches should follow standard 
geomorphological protocols for characterization of reaches. Standard protocols and field 
methods are outlined in Harrelson et al., 1994; Annable, 1996; Vermont Agency of 
Natural Resources, 2006; United States Environmental Protection Agency, 2004. 
Detailed geomorphic measurements should include at minimum: 

 

• Bankfull cross-sectional dimensions of each reach using standard protocols and 
field indicators; 

• Sediment size distribution of bed substrate based on a modified Wolman (1959) 
pebble count; if materials are fine, additional field or laboratory grain size 
analysis may be required; 
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• In situ shear stress of bank material and bank characteristics (e.g. vegetation 
cover, bank height and sediment composition). Either or both torvane and 
penetrometer measurements should be collected to assess mechanical shear 
strength (note these are not entrainment shear stresses and should never be 
used as a surrogate); 

• Five to ten cross-sections based on the size and complexity of the watercourse 
should be measured within the study area representing at minimum two complete 
meanders (these cross-sections should cover the range of typical geomorphic 
units within the reach); 

• Each cross-section should extend beyond bankfull indicators and distance 
between measurements should be less than 5 percent of the bankfull width; 

• Local energy gradients (i.e. current water, bankfull, riffle, and inter-pool) should 
be collected through a total station survey, the length should be 20-40 times the 
bankfull width; 

• Bankfull gradient is to be measured from surveyed points of the bankfull position 
at each cross-section based on standard field indicators; 

• Field observation of water depths and velocity on the day and indication of 
entrainment or transport on the day of observations; and 

• A photographic record that provides support for documented bed, bank and 
channel observations. 

 
Traditionally, surficial sediments in non-cohesive beds have been assessed through 
application of a modified Wolman (1959) pebble count. Although it provides a 
reproducible and simple methodology, to apply it does have limitations that should be 
recognized and addressed. Reviews of field and statistical methodologies are provided 
by Bunte and Abt (2001) and Church et al. (1987). Characterization of bulk properties 
should include assessment of both riffle and pool materials, where substantial fines or 
cohesive sediments are present, they should be characterized. Given the difficulty of 
characterizing fine sediments across highly variable channel beds, simple approaches 
to sampling and characterizing fine sediments can be applied, as long as the fine 
components of the surface and subsurface are recognized and accounted for in defining 
erosion thresholds. 
 
Erosion thresholds determine the magnitude of flows required to potentially entrain and 
transport sediment in the channel. An erosion threshold provides a depth, velocity or 
discharge at which sediment of a particular size class, usually the median or averaged 
material, may potentially be entrained. This does not necessarily mean systemic erosion 
(i.e. widening or degradation of the channel); it simply indicates a flow, which may 
potentially entrain sediment (i.e. initiation of motion of materials). The thresholds should 
be based on the bulk properties of the substrate and bank materials. Usually it is based 
on the median grain size for non-cohesive sediments or bulk properties in cohesive 
sediments. It is recognized that the median grain size may not be the dominant 
sediment, or provide a good descriptor of the substrate. Any deviation from the use of 
the median grain size must be agreed upon by CVC. Critical threshold calculations can 
be based on critical velocity or critical shear stress. 
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There are several commonly applied critical shear stress methods (e.g., Miller et al., 
1977; Andrews, 1983; Van Rijn, 1984). There are also numerous methods for defining 
critical velocity (e.g., Komar, 1987), or permissible velocity (e.g., Neill, 1967). Chow 
(1959), Chang (1988), Fischenich (2001), and Julian (2002) all provide a range of 
potential graphical, tabular and both empirical and theoretical model approaches. This 
list is not definitive and a more appropriate approach from those listed here may be 
required for a given system. All methods have assumptions and ranges of conditions 
under which they are applicable and the practitioner has an understanding of the 
limitations of the models they are applying. Reasoning for the model selection and 
analysis approach should be included with the submission. 
 
The critical or apparent critical velocity (if shear stress approaches are applied) and 
critical depth should be incorporated into, at minimum, a typical measured cross-
sections to translate these results into a more meaningful representative critical 
discharge. Typical cross-sections along with the slope and channel roughness for 
calculation of bankfull and threshold flows should be reported and justified. 
Comparisons between bankfull and threshold conditions should be provided to 
document reach sensitivity. 
 
Modeling approaches are applied simply as a surrogate to field measurements of 
entrainment. Most studies involve several visits to geomorphically sensitive reaches. 
Although assessment critical threshold through field observation is cost prohibitive by 
roughly quantifying the discharge on the days of observation and identifying the 
presence or absence of entrainment or transport upper and lower limits for modeled 
threshold results can be defined. It is assumed that the practitioner has the skills to 
identify entrainment and transport and assess discharge. 
 
Once erosion thresholds are defined, they can be used as targets to assess pre- to 
post-development conditions. In natural systems with defined watercourses erosion 
thresholds are exceeded regularly.  As such, the key to maintaining natural channel 
function is not to increase the frequency of exceedance or cumulative effective work or 
force under the post-development condition.  In some very geomorphically sensitive 
systems, or where impacts have already occurred a level of over-control may be 
required.  In most cases the goal is to match exceedance of the pre- to post-
development condition based on some measure of cumulative effective work or force.  
Pre- to post-exceedance analysis can be assessed from results from continuous 
modeling, characteristic first flush, synthetic discrete storm events, and/or the 
Distributive Runoff Control (DRC) approach. 
 
The preferred method for assessing pre- to post-development erosion potential is some 
form of continuous modeling. Continuous modeling allows pond function with 
antecedent conditions to be assessed.  It also allows the interaction of multiple ponds to 
be assessed for larger scale developments.  With permission from the CVC, where 
potential impact or risk is limited or where stormwater management plans are 
temporary, less stringent modeling may be accepted, such as from synthetic discrete 
storm events. 
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Pre- to post-development exceedance can be tested through several criteria.  The 
simplest is cumulative time of exceedance.  Although it provides a simple comparison, it 
does not provide information on the work or erosive force of flows once erosion 
thresholds are exceeded.  As such, it is only a first cut and a more stringent 
assessment, which includes cumulative effective work, cumulative erosion index, or an 
appropriate surrogate should always be included in the assessment.   
 
Cumulative Erosion Index (Ontario Ministry of the Environment, 2003): 
 

( )∑ ∆−= tVVE cti  

 

Where  iE  is the erosion index 

  tV  is velocity in the channel at time t 

  cV  is critical velocity above which entrainment will occur 

  t∆  time step 
 

Channel velocity and critical velocity can be replaced with channel shear stress and 
critical shear stress to provide a similar comparable index. 
  

 
Cumulative Effective Work Index (Rowney and MacRae, 1992); 

 

( ) tVPWR thro ∆−= ∑ ττ  

 
Where  PWR  is the cumulative stream energy expended above a threshold value 

  oτ  is the instantaneous shear stress at any boundary station 

  thrτ  is the threshold shear at this boundary station 

  t∆  time step 
 
The cumulative effective work index is similar in nature to a cumulative effective unit 
stream power. 
 
A combination of time of exceedance and more complicated effective work approaches 
must be applied and provided for review.  It is anticipated that post-development 
exceedance would match pre-development exceedance; unless more stringent over 
control is required.  In areas where erosion thresholds cannot be matched other 
mitigation measures, beyond simple end of pipe approaches may be required.  Where 
they are deemed necessary these mitigation measures must be developed in 
consultation with CVC staff. 
 
It should be noted that the shape of the rising and falling limb of the storm hydrograph 
can impact entrainment and transport. As such, an example pre-to-post hydrograph 
should be provided for examination. The graphical representation should be from node 
within the geomorphically sensitive reach, for a storm event that exceeds threshold. 
Where practical, it should be for a series of storm events. 
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Furthermore, addressing potential erosion issues is only one facet of developing an 
appropriate stormwater management plan.  Addressing erosion does not preclude the 
need to address or meet other stormwater objectives such as, water quality, quantity 
control, base flow contribution, or onsite water balance.  The first stage of developing a 
site appropriate stormwater management plan is discussing objectives, targets, and 
approaches through pre-project consultation with CVC staff. 

 
Checklist 

 
€ Geomorphological assessment that provides information on reach delineation and 

reach-by-reach sensitivity including: 
 

• Identification of reach breaks; 
• Reach-by-reach descriptions including physical conditions, sensitivity 

measured by an acceptable protocol, and evaluation of systematic 
adjustments/dominant processes; 

• Mapping of zone of influence, reach breaks, pond locations, immediate 
receiving reaches, and geomorphically sensitive reaches. 

 
€ Detailed field assessment of the reaches most geomorphically sensitive to changes 

in the hydraulic regime including summary of cross-section geometry, long profile 
(bankfull and bed gradient), bulk properties of substrate and bank materials, and 
photographic support.   Quantification of erosion threshold(s) based on scientific 
models should include: 

 
• Bed and bank threshold discharges, velocities, depths and shear stresses; 
• Bankfull flow conditions, discharge, velocity, depth and shear stress; 
• Ratios between threshold and bankfull, velocity, depth, discharge and shear 

stress; 
• Example cross-sections for both bankfull and critical threshold conditions; 
• Field observations including approximate measures of water depth, velocity, 

and transport conditions; and 
• Utilized gradients and roughness estimates for bankfull and threshold 

condition should also be provided. 
 
€ Assessment of pre- and post-development exceedance analysis including: 
 

• Time of exceedance for pre-and-post conditions; 
• Cumulative effective shear stress and effective work; and 
• An example, extracted, hydrograph for examination. 

 
€ A geomorphologic assessment must be completed by a qualified person 

(professional geoscientist or professional engineer.) 
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3.3 FACT SHEET III:  GEOMORPHOLOGICAL CONSIDERATION S WITH 
REGARDS  TO CROSSING DESIGN  
 
This Fact Sheet provides guidance in addressing geomorphic concerns associated with 
the crossings.  Although both replacement and new structures can have an impact on 
watercourse function, CVC recognizes that existing crossings and associated 
infrastructure makes replacement a special case.  As such, they are treated differently 
in this Fact Sheet. 
 
Inappropriate crossing structures, or those that are incorrectly sized or placed, can 
impact sediment transport processes, hamper channel migration, disrupt or fragment 
aquatic and terrestrial habitat, and unnecessarily increase the risk to the infrastructure 
from scour or other channel processes. 
 
In the past, watercourse form and function and stream corridor continuity were not often 
considered in crossing design. In many cases, this has lead to the interruption of 
sediment transport causing significant local scour and channel instability resulting in 
costly maintenance requirements and increased risk of failing infrastructure. The 
resultant detrimental changes to channel substrate and local channel velocities may 
also impacts ecological functions including aquatic and terrestrial resources. 
 
 
These impacts and the potential risk can be minimized by having regard to the form and 
function of watercourses at crossings.  Understanding local form and function of the 
watercourse on the proposed crossing location allows for informed sighting, sizing and 
design that manage potential hazards and mitigate impacts to the watercourse.  A good 
crossing spans the watercourse and its banks, does not impact channel velocity, has a 
natural stream bed, and , creates no noticeable changes in the functions of the 
watercourse (Massachusetts Riverways Program, 2005) (Figure 5 ).
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Figure 6: Definition of a good crossing.  
 

To facilitate these objectives, this fact sheet provides a list of geomorphological 
considerations that should be addressed as part of the crossing siting and design. 
 
Channels shift their position through lateral and down valley migration and in some 
cases more rapid adjustments such as avulsion.  In many cases channels not only 
adjust their planform, but also incise or downcut.  Downcutting is prevalent in headwater 
systems, where channels overlay parent materials such as till or ‘soft’ bedrock, or in 
unstable urban channels.  Both potential lateral and vertical adjustments should be 
considered in siting and sizing of channel crossings.   
 
3.3.1 Issues Associated with Vertical and Lateral C hannel Instability 
 
Not addressing issues associated with vertical and lateral channel dynamics can lead to 
the interruption of channel migration and throughput of sediment, and more specifically: 

 

• result in increased risk of scour and lead to the undermining of crossing 
structures in areas of degradation (downcutting); 

• lead to infilling and loss of bridge and culvert cross section reducing crossing 
capacity and increasing the potential of flooding in areas of aggradation 
(accumulation);  

• poor alignment can lead to erosion of abutments and road fill, and impact 
hydraulic efficiency; and 

• Perched culverts can lead to deposition upstream impacting hydraulic efficiency 
and degradation (downcutting) downstream leaving the outlet perched above the 
channel or undermined. 
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3.3.2 Channel Dynamics, Stability and Geomorphologi cal Assessment 
 
Given the potential issues, channel siting, size and design must take into account both 
vertical (degrading or aggrading) and lateral (bank erosion and migration) adjustments.  
Quantifying these adjustments is best addressed through a geomorphological 
assessment that includes an evaluation of channel stability, and quantification of 
potential channel adjustment, both vertically and laterally, through historical assessment 
or acceptable modeling techniques.   
 
To provide the required insight into the crossing design a geomorphological assessment 
at minimum should include the following activities: 
 

• Reach delineation based on scientifically defensible methodology (e.g. 
Montgomery and Buffington, 1997, Richards et al. 1997, Toronto and Region 
Conservation Authority, 2004); 

• Rapid assessment to evaluate stability of reaches based on acceptable rapid 
assessment protocols (e.g., Index of Stability (Downs, 1995), Rapid 
Geomorphological Assessment (Ontario Ministry of the Environment, 2003), or 
other suitable methods in consultation with CVC staff; 

• Quantification of the bankfull channel geometry and instream conditions, based 
on standard protocols; 

• Quantification of channel adjustment and migration through an historical 
assessment by way of aerial photographic interpretation and/or inferred through 
measures from adjacent infrastructure (at minimum 25 year time span should 
assessed); 

• Where historical observations, or significant change in the flow regime is 
anticipated, modeling approaches may be required (acceptable modeling 
approaches should be determined in consultation with CVC staff); and 

• Where constriction, or significant change to the local flow, is anticipated from the 
proposed structure, additional scour analysis should be undertaken. 
 

The geomorphological assessment provides the insight required for selecting the 
crossing location, sizing and design options. 
 
3.3.3 Background Information for Existing Crossings  
 
The following information should be provided when crossing is a replacement: 
 

• Condition of the current culvert; 
• Condition of channel upstream and downstream of the culvert (evidence of 

erosion and deposition should be documented) where feasible; 
• Quantification of the bankfull channel geometry, based on standard protocols; 
• Planform of channel in relation to existing and future crossing and infrastructure; 

and 
• Reason for replacement and mechanism of culvert failure (if applicable). 
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3.3.4 Crossing Location 
 

Appropriate location shortens the path across the channel and limits interaction 
between the watercourse and crossing structure.  The crossing location should be: 
 

• stable, relatively straight reach of channel, where feasible; 
• Within an envelope outside the potential future migration of upstream meanders 

(a 100-year erosion rate, or another appropriate timescale determined in 
consultation with CVC staff); and 

• Cross the stream perpendicular to the channel, whenever feasible. 
 
3.3.5 Crossing Opening 
 
The crossing opening should provide the following: 

 

• Address potential channel erosion without the requirements for armouring or 
impacting local channel erosion or adjustment to the extent feasible (100-year 
planning horizon, or a lesser time span in agreement with the CVC); 

• Does not impact sediment transport processes for frequent storm events; 
• Spans the current and potential future location of the watercourse to 

accommodate watercourse migration, to the extent feasible (assuming a 100-
year planning horizon, or a lesser time span in agreement with the CVC); and  

• Does not impact channel velocity for frequent storm events; and 
• At minimum three times the width of the bankfull channel for channels less than  

4 m wide. A detailed geormorphic study can refine the opening span. 
 

In the case of crossing replacements, CVC recognizes there are existing constraints 
and optimizing the crossing size and location may not be feasible.  Sizing of 
replacement crossing should follow the direction provided above, where feasible.  
Replacement crossing openings can be of same size if the existing culvert is shown, 
through provision of information outlined in Section 3.3.3, that the existing crossing does 
not impact channel velocity, has a natural stream bed, creates no noticeable change in 
the watercourse and is not endangering the current structure.  This does not preclude 
the need to address other potential design considerations, such as assuring structural 
stability, fish passage, terrestrial passage and effective flood conveyance.  Where a 
replacement crossing is proposed that is three times the bankfull channel width or larger 
CVC will assume it provides an improved condition over the existing condition.     

 
3.3.6 Type of Crossing 
 

• Open arches or bridges are required, unless there is a compelling reason why 
box culverts would provide greater social, economic, and environmental benefits. 

• Closed bottom culverts must be embedded (sunk into stream) at least 10% of the 
height of the culvert. If culverts cannot be embedded, then they should not be 
used.  These crossings are generally only considered for culvert replacement. 
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Natural bottom substrate should be used within the crossing and it should match the 
upstream and downstream substrates.  The substrate and design should resist 
displacement during frequent floods and maintain an appropriate bottom during normal 
flows.  In all cases, at low flows, water depths and water velocities should be the same 
as they are in natural areas upstream and downstream of the crossing and be suitable 
for aquatic species movement. 
 
3.3.7 Other Hazards that Must be Addressed 
 

• Bedload conveyance through the bridge cross section or culvert; 
• Potential changes in channel alignment and bank erosion in adjoining reaches; 

and 
• Ice jams and woody debris. 

 
The above fact sheet is not intended as a replacement to sound environmental and 
engineering practices for design of crossings.  This fact sheet instead describes the 
minimum goals for addressing potential impacts to channel form and function and 
addressing potential hazards to the crossing.  Be aware that crossing designs are multi-
facetted. As such, additional design considerations also need to be addressed to assure 
structural stability, fish passage, terrestrial passage and effect on flood conveyance.  All 
these other objectives may result in larger crossing openings.  Scoping site specific 
concerns with any crossing should be completed early in the design process in 
consultation with CVC staff.  
 
Checklist 
 

€ Geomorphological assessment that provides information on stability, or information 
as requested under Section 3.3.3, where it is a crossing replacement. 

 
€ Quantify channel bankfull geometry, migration, widening and potential downcutting 

or scour, based on historical observations or acceptable modeling. 
 
€ Assessment and justification of crossing size based on stability and dynamics.  The 

assessment must indicate how each hazard is addressed. 
 
€ Additional width should be provided to account for channel dynamics. 
 
€ Appropriate rationale of how other geomorphological processes, such as, the 

potential of ice jamming and accumulation of wood debris are addressed. 
 
€ A geomorphologic assessment must be completed by a qualified person 

(professional geoscientist or professional engineer.) 
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3.4 FACT SHEET IV: GEOMORPHIC COMPONENT OF ENVIRONMENTAL 
IMPLEMENTATION REPORTS OR OTHER COMPREHENSIVE STUDIES   

 
Geomorphic assessments are required to support appropriate planning decisions.  
Typical geomorphic assessments consist of 1) geomorphic inventories, 2) identification 
of areas of concern with respect to hazards and sensitivity, 3) delineation of hazards 
related to channel migration and 4) determination of erosion thresholds.  The 
assessment can be used to provide support for development of appropriate storm water 
management and effective mitigation measures. 
 
The following describes each of the main components of a geomorphic assessment:  
 

1. The geomorphic inventory should include a summary of previous relevant studies 
including available information on controlling factors such as surficial geology 
and topography.  The core of the geomorphic inventory comes from rapid field 
assessment of all watercourses within the study area on a reach-by-reach basis.  
A key component of the geomorphic inventory is the delineation of reaches.  
Reaches are relatively uniform sections of channel with respect to form and 
function.  Reach delineation should follow accepted protocols and methods.  The 
following references provided background on the reach concept and their 
delineation; Montgomery and Buffington, 1997, Richards et al. 1997, Toronto and 
Region Conservation Authority, 2004.     

2. Areas of concern with respect to hazards and identification of geomorphic 
sensitivity are mainly determined though rapid field assessments.  Rapid field 
assessments allow identification of systematic channel adjustments and 
quantification of geomorphic condition.   

3. Hazards related to channel migration are delineated through meander belt width 
assessment and determination of rates of erosion and/or meander migration for 
unconfined systems, and through determination of rates of toe erosion and 
location of stable top of bank for confined systems.  Channel migration can be 
determined through historical observations, observations of a surrogate section 
of channel, or modeling. Additional information on the procedure for hazard 
delineation can be found in the Geomorphic Hazards – Confined and Unconfined 
Watercourse Fact Sheet. 

4. An erosion threshold is a flow that can theoretically entrain bed or bank material.  
Erosion thresholds should be determined for geomorphically sensitive reaches, 
that is, the reaches most susceptible to potential changes in the flow and 
sediment regime.  A detailed field assessment is then completed for each of the 
geomorphically sensitive reaches that may be impacted by changes in the flow 
regime.  Information from the detailed assessment is used to determine an 
erosion threshold.  Further details on how to determine sensitivity and quantify 
erosion thresholds can be found in the Instream Erosion and Geomorphic 
Consideration in Stormwater Management Fact Sheet.   

5. Where crossings are anticipated, submissions should include those 
considerations and conditions referred to in the previous factsheet: 
Geomorphological Considerations with Regards to Crossing Design.  
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6. It is anticipated that with most large-scale development, a level of 
geomorphological monitoring is required to ensure potential geomorphic impacts 
to creek form and function have been mitigated.  Monitoring plans should be 
developed in consultation with CVC staff. 

 
The following desktop and field activities, at minimum, should be included in the 
geomorphic assessment: 

 

• Reach delineation based on scientifically defensible methodology (e.g. 
Montgomery and Buffington, 1997, Richards et al. 1997, Toronto and Region 
Conservation Authority, 2004); 

• Rapid assessment to evaluate stability of reaches based on acceptable rapid 
assessment protocols (e.g., Index of Stability (Downs, 1995), Rapid Geomorphic 
Assessment (Ontario Ministry of the Environment, 2003), Rapid Stream 
Assessment Technique (Galli, 1996), or other suitable methods in discussion 
with CVC staff);  

• Mapping of areas of channel erosion, valley wall contact and active slope 
process;  

• Quantification of channel adjustment and migration through a historical 
assessment by way of aerial photographic interpretation and/or inferred through 
measures from adjacent infrastructure (at minimum 25 year time span should be 
assessed); 

• Where historical observations cannot be made, or significant change in the flow 
regime is anticipated, modelling approaches may be required for erosion hazard 
delineation (acceptable modeling approaches should be decided in consultation 
with CVC staff); 

• Identification of geomorphically sensitive reaches using results of the rapid 
assessments; 

• Detailed examination of most geomorphically sensitive reaches following 
standard geomorphic protocols for characterization of reaches; and 

• Define erosion thresholds based on scientifically defensible models.  Numerous 
models are available; a range of models should be applied to assess model 
sensitivity and gain a better understanding of the range of erosive conditions.  
Modeled results should also be compared to actual field observations. 

 
The geomorphic requirements for each Environmental Implementation Report may vary.   
Restoration and enhancement opportunities may need to be identified.  Monitoring of 
channel form may be required to better assess active channel processes.  Some 
studies may require conceptual channel designs and/or preliminary crossing designs 
(see the Geomorphic Consideration with Regards to Crossing Design Fact Sheet). 
 
The geomorphic component is only one part of the complete Environmental 
Implementation Report.  Information provided by the geomorphic assessment must be 
integrated with the other components such as stormwater management, natural 
heritage features, hydrogeology and geotechnical components.  CVC staff should be 
consulted to determine the exact terms of reference for a specific Environmental 
Implementation Report.    
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3.5 FACT SHEET V: GEOMORPHOLOGICAL CONSIDERATIONS W ITH 
REGARDS TO NATURAL CHANNEL DESIGN 

 
Natural Channel Design is a widely applied technique for watercourse restoration, 
stabilization and realignment.  All design approaches generally advocate application of 
geomorphological principles to develop quasi-equilibrium watercourses with improved 
ecological function.  As such, even simple erosion control designs should require a level 
of geomorphological and hydraulic assessment to address stability, hydraulic sizing, 
and habitat concerns. To provide the required input into the design, a level of detailed 
geomorphological assessment maybe required, even for simpler small scale bank or 
bed stabilization projects. 
   
The design package should include an assessment of systematic adjustments through 
desktop and field assessment, detailed geomorphological observations of a reference 
reach, quantification of a design discharge, assess current habitat/geomorphic units, 
and provide modeling or other rationale for channel design characteristics.  
 
The design and accompanying design brief should answer the following questions: 
 

• What are the corridor requirements, if the requirements are not met how are the 
potential hazards being addressed? 

• What is the form and function of the existing and future channel? 
• What are the channel scaling properties, either from a surrogate or modeling? 
• What are the future potential sources of sediment? 
• What are monitoring requirements and measures of success? 

 
The assessment, at minimum, should consist of: 
 

• Selection and assessment of reference reach; 
• Detailed examination of reference reach following standard geomorphological 

protocols for characterization of reaches;  
• Geomorphic context for the design (i.e. existing channel geometry of area of 

concern and from a reference reach); 
• Define a design discharge and related channel characteristics; 
• Geomorphic characteristics and rationale of proposed channel configuration; 
• Planform, profile and cross-section of existing and proposed channel; 
• Design details for all bioengineering and habitat elements; 
• Hydraulic, habitat and geomorphic context for any bed materials or bank/habitat 

treatments prescribed; 
• Context to assure bed and bank treatments and channel configuration is stable, 

provides net habitat benefit, and addresses any potential hazard to proposed 
infrastructure; 

• Context with regards to constraints to the design due to the existing conditions or 
proposed infrastructure; 
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• Context to assure the design provides immediate stabilization and addresses 
anticipated long term channel adjustments; 

• A compliance and effectiveness monitoring plan; 
• Plans and Design brief must be stamped and signed by qualified professionals; 

and 
• All team members should be listed in the report. 

 
 
Checklist 

 

€ Design discharge, with rationale. 
 
€ Geomorphic corridor requirements, with rationale. 
 
€ Processes and form of current channel including characterization of current 

geomorphic units. 
 
€ Detailed geomorphic assessment of an appropriate reference reach. 
 
€ Hydraulic sizing of both bed and bank treatments. 
 
€ Identification of systematic adjustments and active processes. 
 
€ A geomorphologic assessment must be completed by a qualified person 

(professional geoscientist or professional engineer.) 
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APPENDIX A:  GLOSSARY OF TERMS 

 
100-year erosion limit Potential lateral erosion associated with channel migration. 

Aggradation Systematic adjustment where the elevation of the channel bed increases as a 
result of sediment deposition. 

Avulsion Relatively sudden change in a river course where a stream breaks through its 
banks, generally during times of high flow, such as when a cutoff channel forms 
across the neck of a meander bend. 

Bedload Sand, silt, gravel, rock or other mineral matter which is transported on or near the 
stream bed 

Confined system A stream system that is located in a valley corridor, either with or without a 
floodplain, and is confined by valley walls (Ontario Ministry of Natural Resources, 
2001). 

Critical velocity/shear 
stress 

The minimum flow velocity/shear stress that is required in order to entrain a 
particle. 
 

Critical depth The depth at which, for a given energy content of the water in a channel, 
maximum discharge occurs; or the depth at which in a given channel a given 
quantity of water flows with minimum content of energy (MTO Drainage Manual, 
Glossary). 

Critical discharge 
(critical flow) 

The maximum Discharge of a conduit which has a free outlet and has the water 
ponded at the inlet (MTO Drainage Manual, Glossary). 

Cumulative Effective 
Work 

See page 13 for equation.  Summation of stream power above the critical 
threshold over a given period of time. 

Cumulative Erosion 
Index 

See page 13 for equation.  Summation of velocities above the critical threshold 
over a given period of time. 

Degradation Systematic adjustment where the elevation of the channel bed decreases as a 
result of sediment transport. 

Distributive Runoff 
Control (DRC) Method 

An assessment to determine the hydraulic stress and erosion potential of bank 
material. 

Down valley migration Translational movement of meander bends downstream 

Downcutting Vertical erosion of a channel, causing the channel to deepen and become 
entrenched 

Erosion threshold Flow which can entrain bed or bank sediments within the most geomorphically 
sensitive reach. 

First flush Initial stormwater flow, containing a high concentration of pollutants due to the 
“flushing” out of accumulated pollutants 

Geotechnically stable 
top of slope 

Stable top of slope is assumed to be 3H:1V or determined through an acceptable 
geotechnical assessment. 

Index of Stability A measure of the stability, or the tolerance to change in the sediment-flow regime, 
based on physical attributes (Ontario Ministry of the Environment, 2003, (Downs, 
1995)). 

Lateral migration Extensional movement of meander bends across the valley floor 

Meander belt width The lateral extent that a channel occupies, and considers not only the space 
currently occupied by the channel, but also the area the channel has occupied in 
the past, and could potentially occupy in the future. 

Migration The movement of meander bends within the floodplain 
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Perched culvert A culvert where the outlet is elevated above the downstream water level. 

Rapid Geomorphic 
Assessment (RGA) 

A field assessment of channel stability and sensitivity to changes in the sediment-
flow regime (Ontario Ministry of the Environment, 2003). 

Rapid Stream 
Assessment 
Technique (RSAT) 

A field assessment stream quality based on physical and biological attributes. 

Rate of exceedance The rate at which flow increases above that of the erosion threshold. 

Reach A length of channel with stable or similar characteristics (i.e. geomorphological 
features, aquatic habitat) (Ontario Ministry of Natural Resources, 1997) 

Shear stress The force per unit area exerted tangentially to a given surface. 

Toe erosion allowance The setback that ensures safety if the toe of the slope adjacent to the channel 
erodes or weakens the bank, increasing the risk of slumping (Ontario Ministry of 
Natural Resources, 2001). 

Unconfined system A stream system that is not located in a valley corridor with discernable slopes, 
but relatively flat to gently rolling plains and is not confined by valley walls (Ontario 
Ministry of Natural Resources, 2001). 
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APPENDIX B:  HAZARD ASSESSMENT RESOURCE LIST 

 
Briaud, J-L., Chen, H.-C., Park, S., and Shah, A. 2001. Guidelines for Bridges over Degrading and Migrating 
Streams, Part 1: Synthesis of Existing Knowledge. Report 2105-2, Cooperative Research Program. Texas 
transportation Institute, the Texas A&M University System College Station, Texas Department of Transportation. 
 
Hooke J. M. 1995. River channel adjustment to meander cutoffs on the River Bollin and River Dane, northwest 
England. Geomorphology 14: 235-253. 
 
Lagasse P.F., Spit Z, W.J., Zachmann, D. W. 2004. Handbook for Predicting Stream meander migration National. 
Cooperative Highway Reach Program (NCHRP) Report 533.   
 
Nanson, J,C., and Hickin, E.J. 1996. A statistical analysis of bank erosion and channel migration in western Canada.  
Geological Society of America Bulletin 97: 497-504. 
 

Ontario Ministry of Natural Resources. 2001. Understanding Natural Hazards. 

 
Rapp, C.F. and  Abbe, T.B. 2003. A Framework for Delineating Channel Migration Zones. 
Washington State Department of Ecology and Washington State Department of 
Transportation. Final draft report. 
 
Toronto and Region Conservation Authority. 2004. Belt Width Delineation Procedures. 

 
Villard, P., Snodgrass, W. and Gyawali, B. 2008. A simple model for estimating future channel migration from 
historical aerial photographs. Canadian Hydraulics Institute, Monograph 14. 
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APPENDIX C:  STREAM CROSSING RESOURCE LIST 

 
Author unknown.  Date unknown.  Montana Stream Permitting: A Guide for Conservation District Supervisors 

and others.  3.1 - 3.11. 
 
Allan, C.J. and Estes, C.J.  2005.  A morphological and economic examination of plunge pools as energy 

dissipates in urban stream channels.   Journal of the American Water Resources Association.  41: 123-
133. 

 
Bates, K.  2003.  Design of Road Culverts for Fish Passage.  Washington Department of Fish and Wildlife.     
 
Bray, D.I. and Yaeger, D.  2003.  Workshop on Scour at Stream Channels and Water Crossings.  Canadian 

Society for Civil Engineering: Sixteenth Canadian Hydrotechnical Conference.  Centre for Inland 
Waters, Burlington, Ontario.  

 
Connecticut Department of Environmental Protection.  2008.  Inland Fisheries Division Habitat Conservation 

and Enhancement Program: Stream Crossing Guidelines.  
 
Department of Fisheries and Oceans, Ministry of Transportation, and Ministry of Natural Resources.  2006.  

Protocol for Protecting Fish Habitat on Provincial Transportation Undertakings (Draft).   
 

Driedger, A.  1996.  Manitoba Stream Crossing Guidelines for the Protection of Fish and Fish Habitat.  
Department of Fisheries and Oceans and Manitoba Natural Resources.   

 
Johnson, P.A. and Brown, E.R.  2000.  Stream assessment for multicell culvert use.  Journal of Hydraulic 

Engineering. 126: 381-386. 
 

Johnson, P.A., Hey, R.D., Brown, E.R., and Rosgen, D.L.  2002.  Stream restoration in the vicinity of bridges.  
Journal of the American Water Resources Association.  38: 55-67. 

  
Khan, B. and Colbo, M.H..  2008. The impacts of physical disturbance on stream communities: lessons from 

road culverts.  Hydrobiologia.  600: 229-235. 
 

Massachusetts Riverways Program.  2005.  Massachusetts Stream Crossings Handbook.  Executive office of 
Environmental Affairs, Department of Fish and Game. Commonwealth of Massachusetts.   

 
McDonald, T., and Anderson-Wilk, M.  2003.  Low Water Stream Crossings in Iowa:  A Selection and Design 

Guide. Centre for Transportation Research and Education, Iowa State University. 
  
Park, D., Sullivan, M., Bayne, E. and Scrimgeour, G.  2008. Landscape-level stream fragmentation caused by 

hanging culverts along roads in Alberta’s boreal forest. 
Canadian Journal of Forest Research.  38: 566-575. 
 

Parker, M.A.  2000.  Fish Passage – Culvert Inspection Procedures.  Watershed Restoration Technical 
Circular No. 11.  Watershed Restoration Program; Ministry of Environment, Lands, and Parks and 
Ministry of Forests.  Williams Lake, BC.  
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Draft Publication #03-06-027.  Washington State Department of Ecology and Washington State 
Department of Transportation.    
 

Richmond, M.C., Deng, Z., Guensch, G.R., Tritico, H., and Pearson, W.H.  2007.  Mean flow and turbulence 
characteristics of a full-scale spiral corrugated culvert with implications for fish passage.  Ecological 
Engineering.  30: 333-340. 
 

Toronto and Region Conservation, Department of Fisheries and Oceans, Parish Geomorphic, Dougan and 
Associates Ecological Consulting Services.  2006.  Urban Road Stream Crossings Guideline (Draft).  

 
Vaughan, D.M.  2002.  Potential impact of road-stream crossings (culverts) on the upstream passage of 

aquatic macroinvertebrates.  US Forest Service Report. 
 

Wargo, R.S. and Weisman, R.N.  2006.  A comparison of single-cell and multicell culverts for stream 
crossings.  Journal of the American Water Resources Association.  42: 989-995. 

   
Wheeler, A.P., Angermeier, P.L., and Rosenberger, A.E.  2005.  Impacts of new highways and subsequent 

landscape urbanization on stream habitat and biota.  Reviews in Fisheries Science.  13: 141-164. 
 


