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Factsheet VI: Scour Analysis
Credit Valley Conservation (CVC) developed this factsheet to standardize scour assessments
in the Credit River Watershed. Infrastructure (such as sewers, utilities, bridge footings, etc.)
crossing a watercourse is generally required to be installed below the scour depth.
Scour assessment is defined as the technical and professional evaluation of the long-term
risks due to potential vertical erosion and/or degradation of stream and river channels.
Vertical scour associated with a watercourse is not well defined and there is a lack of
consistent guidance for practitioners. A variety of rational and empirical methods are available
to quantify the potential scour of a watercourse in anticipation of new infrastructure and
hazard delineation. CVC developed this factsheet to address the discrepancy in definitions and
methods used for scour assessments to help designers and review engineers establish
consistent Scour Hazard Limits (SHL). Pre-consultation with CVC is recommended before a
scour assessment method is chosen.

Definitions
Scour processes and risks can be assessed at a range of scales in space and time. Defining
types of scour is important in selecting the most appropriate method for scour assessment.
Ministry of Transportation Ontario (MTO) (2018) defines three types of scour as outlined in
Table 1. These definitions generally correspond with the types of scour outlined by USDA
(2007) in a Technical Supplement 14B Report on Scour Calculations in Figure 1.
Table 2 summarizes the primary distinctions between local, general and natural scour.
Table 1: Types of Scour

Heading
Local Scour (Ls)
General Scour (Gs)
Natural Scour (Ns)

Heading
Localized erosion of the streambed around in-stream
structures and artificial obstructions to the flow.
Lowering of the channel bed that generally affects all or
most of the channel cross-section.
Degradation or lowering of the average bed elevation at
the reach- scale due to natural fluvial processes of
erosion and sediment transport operating over the longterm and may include the effects of watershed land use
change.
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Local Scour

General Scour

Figure 1: Diagrams illustrate examples of local and general scour around bridge piers
(Source: USDA, 2007).
Table 2: Criteria to define three types of scour
Type of Scour

Artificial
Structures

Spatial Scale

Time Scale

cause of scour

local around
structure

event to years

General (Gs)

not defined by*

cross-section scale

event to years

Natural (Ns)

not relevant

reach scale

decades to
centuries

Local (Ls)

*Intended to clarify MTO definition for consistency and to better align with USDA (2007)

Assessment of three types of scour is required to calculate the Scour Hazard Limit (SHL),
where:
SHL = Gs + Ls + Ns + Factor of Safety
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Conceptual Framework for Analysis
Many methods of scour analysis have been developed for specific purposes by applying
hydraulic theory and/ or by statistically relating empirical data. However, it’s not always clear
which types of scour are being evaluated and some methods may integrate more than one
type of scour. For example, empirical data may include both local and general scour around
bridge piers; or, general and natural scour may be accounted for in empirical datasets to
constrain alluvial river bed scour over a pipeline. Given that varied origins and applications of
theoretical equations and empirical data are applied to scour analysis, this factsheet does not
prescribe specific methods. The choice and justification of which method or methods to be
used is the responsibility of the qualified professional retained to complete the scour
assessment.
A conceptual framework relative to the three types of scour is presented in Figure 2. It
provides a schematic diagram to map general classifications for scour analysis methods,
including empirical, regime, rational and historical methods. Due to long timescales involved
in natural scour processes, most short-term empirical datasets used to derive popular
empirical and regime equations tend to calculate local and general scour depths. As more
inductive approaches at the channel scale, empirical and regime methods rely on statistical
relationships between scour depth and control variables and are thus limited by the original
datasets and/or regime assumptions. More deductive rational methods tend to rely on
physical models (e.g., small-scale tractive force methods for sediment entrainment typically
based on Shields parameter), which are then scaled-up in space and time to estimate scour
depths based on some number of limiting assumptions (e.g., stable bed, armouring,
equilibrium slope, sediment continuity). Where historical datasets are available, field
measurements and geological evidence of degradation rates can help to empirically constrain
natural scour—again an inductive approach, but at the scale of reaches and landscapes.
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Figure 2: Conceptual map of method classifications relative to domains for types of scour.

Local and General Scour
A long list of technical articles and guidelines for scour analysis is included in Table 3 for
reference. These sources focus on local and general scour.
Table 3: Key references for scour analysis methods
British Columbia Ministry of Transportation and Infrastructure. 2016. Bridge Standards
and Procedures Manual (Volume 1, October 2016).
Canadian Energy Pipeline Association. 2014. Pipeline Watercourse Management
Recommended Practices (1st Edition, December 2014).
Hey R.D. and Thorne. C.R. 1986. Stable Channels with Mobile Gravel Beds. Journal of
Hydraulic Engineering ASCE Volume 112 Issue 8 p 671-689.
Ministry of Transportation Ontario. 1997. Drainage Management Manual (October
1997). See Chapter 5, pages 43-65 and Chapter 9, Basic Stream Geomorphology
for Highway Applications.
United States Department of Agriculture. 2007. Technical Supplement 14B Scour
Calculations (August 2007). United States Department of the Interior. 2007.
Hydraulic Considerations for Pipelines Crossing Stream
Channels (April 2007). Technical Note 423. BLM/ST/ST-07/007+2880.
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United States Department of the Interior. 1984. Computing Degradation and Local
Scour: Technical Guideline for Bureau of Reclamation (January 1984).
United States Department of Transportation. 2012. Evaluating Scour at Bridges (5th
Edition, April 2012).
Federal Highway Administration Publication No. FHWA-HIF-12-003.
United States Geological Survey. 1997. Method for Rapid Estimation of Scour at
Highway Bridges Based on Limited Site Data (March 1997).

Natural Scour: Constraining Scour
Expectations in the Credit River Watershed
Due to a lack of existing practical guidance relating to natural scour, this factsheet outlines
some boundaries that can be used in scour assessments in the Credit River Watershed.

Empirical Datasets
Scour depth and degradation rate data from historical studies provide a basis to calibrate and
constrain expectations for average and maximum scour hazards. Within the regional context
of the Credit River Watershed, two studies from the Greater Toronto Area demonstrate
measured examples of vertical scour over recent years and decades.

•
•

Cooksville Creek, Mississauga (Tinkler and Parish, 1998)
Highland Creek, Toronto (Aquafor Beech Ltd, 2010)

As the examples are from urbanized catchments (which may include the effects of land use
changes and may not differentiate natural scour from general or local scour), the measured
scour depths may be conservatively high. Nonetheless, the results provide some evidence to
constrain the upper limits of natural scour and scour hazard limits based on decadal-scale
datasets. Specifically, the data support expectations that 2.5 to 5.0 metres of degradation in
100 years is possible in urbanized settings and that up 10 metres or more extrapolated for
100 years may be possible at sites including local scour. From this assessment — and like
the “Regional” degradation rate estimates of Tinkler and Parish (1998) — a standard
minimum scour hazard limit of 2.5 m per 100 years is a reasonable benchmark.

Historic-Geologic Timescales
Representing the most long-term component of scour, there is the most uncertainty in
estimating natural scour hazards — specifically over a 100-year planning horizon. At regional
and watershed scales, empirical studies can provide some basis to constrain expectations for
natural scour, but these existing studies tend to be based on either geologic timescales of
thousands or millions of years or on recent historical timescales of a few decades at the most.
As a reference to help constrain natural scour hazards, Figure 3 illustrates the expected
range of natural scour rates from geologic to historical time scales. Over millions of years,
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background geological denudation in the range of hundreds of metres translates to only
fractions of a millimetre annually. However, more recent post-glacial river incision over the
last 10,000 years (Holocene Period) translates to annual incision rates of millimetres per
year, and up to about 0.5 m per century. The limited data presented here from historical
studies demonstrates channel degradation in the range of centimetres per year, suggesting
that the range of 1 to 10 metres of scour and incision in 100 years is possible.
The graphical constraints of natural scour hazards presented in Figure 3 support the rate of
2.5 m per 100 years as a reliable reference point for scour assessment in southern Ontario.

Figure 3: Geological and historical rates of vertical scour, including Cooksville Creek and
Highland Creek data.

Methodology for Undertaking a Scour
Assessment
As outlined in Table 3, a minimum standard of 2.5 m scour per 100 years is recommended
for all small channels with an average bankfull depth of less than 0.5 m. This proposed
framework provides a Simplified Standard Method to estimate scour hazard limits. Starting
with the minimum standard for small channels (2.5 m/100 yrs), a first-order estimate of the
scour hazard limit for main channels can be calculated based on the average bankfull depth
(dBF) times 2.5 and multiplied by a factor of safety of 2 ([dBF x 2.5] x 2). This Simplified
Standard Method provides a conservatively high estimate for natural scour hazards, and thus
may be considered to also account for general and/or local scour as a first-order estimate of
the scour hazard limit. Proposed Scour Hazard Limit must be vertically offset from the
average riffle grade elevation, or the average bed elevation where riffles are not present.
A more detailed assessment may be required to refine the SHL depending on the aims,
objectives and constraints of a project. Application of detailed methods may include empirical,
regime, rational and historical methods as selected by a qualified person and approved by
CVC.
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A qualified person is a qualified professional in hydraulic engineering and/or fluvial
geomorphology with the required knowledge and experience to take responsibility for all
aspects of the scour assessment. Example methods are provided in Table 4. Methodology
must be consistent with the Scour Hazard Limit Reference Table (Table 4) and Figure 4. It
must conform to the definitions of scour presented in this factsheet and SHL musty be
vertically offset from the average riffle grade elevation, or the average bed elevation where
riffles are not present.
Table 4: Scour Hazard Limit Reference Table
Scour Hazard Limit*
Options
Simplified Standard Method
Scour Hazard Limit (SHL)
Factor of Safety**
(FS) = 2.0
Application of
Detailed Methods

Small Channels
dBF ≤ 0.5 m

SHL = 1.25 m x 2.0
= 2.5 m

Main Channels
dBF = 0.5–2 m

SHL = [dBF x 2.5] x FS
= 2.5 to 10 m

Select Equation 1, 2, or 3

Select Equation 1, 2, or 3

Ns = 1.25 m
(minimum)

Ns = dBF x 2.5
(or other approved
method)

FS = dBF

FS = dBF

Scour Hazard Limit
(SHL)

Factor of Safety** (add bankfull
depth)

Equation 1
In vicinity of culvert or weir structures, assuming Ls > Gs
Equation 2
For open channels without structures

SHL = Gs + Ns + FS**

Equation 3
In vicinity of bridge piers
Definitions
Ns = Natural Scour

Gs = General Scour

SHL = Ls + Ns + FS**

SHL = Gs + Ls + Ns + FS**

Ls = Local Scour

d = average bankfull depth (m)

* Scour Hazard Limit (SHL) is to be vertically offset from the average riffle grade elevation, or the
average bed elevation where riffles are not present.
** Recommended Factor of Safety (FS) unless otherwise justified. For cases where all scour coefficients
are available/ calculated a FS is not necessary as most empirical models account for a FS. For cases
where one or more scour coefficients are missing/ not calculated then a FS should be applied.
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Figure 4: Graphical representation of natural, general and local scour, with associated terminology. Refer to Scour Hazard
Limit Reference Table for more details outlining the proposed scour assessment framework and equations 1, 2 and 3.
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SHL Assessment Requirements
Identify Channel Size (i.e. Small or Main Channel, refer to Table 3-Scour Hazed Limit
Reference Table)

Simplified Standard Method
Calculate SHL using Simplified Standard Method. For main channels, a repeatable geodetic
survey must be completed for a minimum of three cross sections at riffles/ straights and a
long profile for a minimum of 20 times the average bankfull width. This survey will be used to
calculate bankfull depth and riffle grade. A photographic record of channel conditions should
also be collected. Determine SHL base on Simplified Standard Method. Note that values for
the simplified method may change as more data becomes available.
If the Simplified Standard Method approach is not acceptable, use a detailed method.

Detailed Methods
1)

For Detailed Methods collect Field Data using repeatable survey approach:
a) Measure five to ten cross-sections per reach based on the size and complexity of the
watercourse representing at minimum two complete meanders (these cross-sections
should cover the range of typical geomorphic units within the reach).
b) Extend each cross-section beyond bankfull indicators. The distance between
measurement points should be less than 5 percent of the bankfull width.
c) Collect local energy gradients (i.e. current water, bankfull, riffle, and inter-pool) and
channel profile through a length 20-40 times the bankfull width and encompassing
the cross-section survey extent.
d) Measure bankfull gradient from surveyed points of the bankfull position at each
cross-section based on standard field indicators.
e) Complete modified Wolman (1954) pebble counts (n=100) to determine sediment
size distribution of bed substrate. If materials are fine, additional field or laboratory
grain size analysis may be required.
f) Make field observations of water depths and velocity and indication of entrainment or
transport on the day of survey.
g) Provide a photographic record to support documented bed, bank and channel
observations.
h) Plot longitudinal profile.
i) Calculate average bankfull depth for reach.

2)

Qualified professional should apply Detailed Methods to evaluate Ns, Gs, and Ls
j) Guidelines provided in Scour Hazard Limit Reference Table (Table 3) to calculate
SHL based on equation 1, 2, or 3
k) Add CVC recommended FS = dBF, or other justified Factor of Safety approved by CVC

3)

Calculate final Scour Hazard Limit (SHL).

Fluvial Geomorphic Guidelines: Factsheet VI Scour Analysis | V 1.0 | Credit Valley Conservation

It’s important to emphasize that the measurement and evaluation of the average bankfull
depth are critical tasks.
This factsheet generally assumes scour assessment applications for riffle-pool bed
morphologies, however, terminology and methods are intended to be transferable to all river
and stream types based on the ubiquity of pool-bar units in fluvial systems. With longitudinal
variability in bed topography, a semi-regular series of topographic highs in the bed profile
can be considered to constitute the average riffle grade (or bar grade). Correspondingly, a
semi-regular series of topographic lows in the bed profile can be considered to constitute the
average pool grade. In less common cases of plain-bed profiles in sand or coarse-grained
materials where topographic variability in the profile is not significant, it’s reasonable to
substitute the average bed elevation grade for both riffle and pool grades.
It’s well established in scientific literature that large woody debris (LWD) can increase scour
pool depths relative to natural and general scour (Abbe and Montgomery, 1996; Webb and
Erskine, 2005) and relative to local scour around structures (Pagliara and Carnacina, 2011).
The potential scour effects of large woody debris should be considered by a qualified
professional and accounted for within the analysis of local and/or general scour.

Checklist



If simplified standard method is proposed, rationale must be provided



If detailed method is proposed, rational for selection of preferred method
must be provided



Graphical representation of riffle grade and channel cross sections showing
bankfull width and depth



Photographic record of channel conditions



Justification for factor of safety applied if not CVC recommended FS



Final recommended SHL



Assessment must be completed by a qualified person
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