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Introduction

GEO Morphix was retained by Inverness Homes to complete a fluvial geomorphological and erosion
hazard assessment for a proposed development located at 147 Langstaff Drive in the community
of Carp, Ontario. The subject lands are approximately 8.12 ha in area and bounded by Langstaff
Drive to the north, Carp Road and existing residences to the south and east, and existing
residential and commercial/industrial development to the west. A tributary of the Carp River flows
in a generally north to south orientation through the central portion of the subject lands. A second
tributary flows immediately west of the subject lands. Existing land uses consist of vacant
greenfield and natural areas associated with the Carp River tributaries.
The City of Ottawa, as part of the pre-application consultation, requested the completion of a
Fluvial Geomorphology Report. The following activities have been completed in support of our
assessment:









Review available background reports and mapping (e.g., watershed/subwatershed
reporting, geology, and topography) related to channel form and function and controlling
factors related to fluvial geomorphology
Delineate watercourse reaches through a desktop assessment
Complete rapid geomorphological assessments on a reach basis to document channel
conditions and verify the desktop assessment
Document any areas of significant erosion and locations of valley wall contacts/valley wall
systems
Collect instream measurements of bankfull channel dimensions and characterize bed and
bank material composition and structure
Delineate limits of the erosion hazard on a reach basis using field observations and
historical aerial photography
Prepare recommendations for the two proposed trail crossings over the central tributary
to ensure that natural hazards are addressed from a fluvial geomorphological perspective

This report summarizes the results of our desktop and field-based assessment. It identifies site
constraints from a fluvial geomorphological perspective and should be considered in conjunction
with studies being completed by other disciplines in support of the proposed development.

2

Background Review and Desktop Assessment

2.1

Geology and Physiography

Geology and physiography act as constraints to channel development and tendency. These factors
determine the nature and quantity of the availability and type of sediment. Secondary variables
that affect the channel include land use and riparian vegetation. These factors are explored as
they not only offer insight into existing conditions, but also potential changes that could be
expected in the future as they relate to a proposed activity.
The subject lands are located within the Ottawa Valley Clay Plains physiographic region and Clay
Plains physiographic landform. Areas north (upstream) of the subject lands are located within the
Shallow Till and Rock Ridges physiographic landform (Chapman and Putnam, 1984 and 2007).
Based on published surficial geology mapping, the majority of the subject lands contain coarsetextured glaciomarine deposits of sand, gravel, minor silt and clay. The north tip of the subject

1

lands and areas north of Langstaff Drive contain fine-textured glacio-marine deposits of silt and
clay, minor sand and gravel that are massive to well laminated (OGS, 2010).
Available mapping is generally consistent with boreholes recovered by Paterson Group (2008) in
support of a previous geotechnical study. Six boreholes were advanced to a maximum depth of
18.9 m. Borehole logs showed that subsurface conditions consisted of topsoil overlying a thin
silty sand layer, which was underlain by a stiff silty clay deposit, and then a silty sand deposit.

2.2

Site History

A series of historical aerial photographs were reviewed to determine changes to the channel and
surrounding land use/cover. This information, in part, provides an understanding of the historical
factors that have contributed to current channel morphodynamics. Aerial photographs from 1945,
1964, 1966, 1967, 1975, 1978, and 1989 from the National Air Photo Library (NAPL), imagery
available online through the GEO Ottawa web mapping application, and recent satellite imagery
from Google Earth Pro were reviewed. Refer to Appendix A for copies of select imagery obtained
from the National Air Photo Library.
In 1946, agriculture and rural land uses were predominant. Outbuildings/agricultural facilities
were visible adjacent to the top of the bank of the central tributary near what is now Langstaff
Drive and near the downstream extent of the central tributary. The defined valleys were apparent,
but the watercourse was not clearly visible in the imagery. Natural riparian vegetation had been
removed from the upstream portion of the central tributary, likely to facilitate agricultural uses,
while the western tributary that flows adjacent to the subject lands retained natural vegetation in
the immediate riparian zone. A large natural area was present upstream, which coincides with
Precambrian bedrock based on published surficial geology mapping (OGS, 2010).
There were limited changes to land use and land cover by 1966, with areas within the subject
lands under active cultivation; however, rural residential development had expanded westward
along Donald B Munro Drive. In 1967, a large industrial/commercial facility was constructed
northwest of the subject lands, west of what is now Langstaff Drive, but was set well back from
the central tributary.
In 1975, the subject lands remained under active cultivation, while lands to the east and west
were converted from agriculture to relatively small residential subdivisions. An access road was
constructed over the western most tributary immediately adjacent to the subject lands, likely to
facilitate access to agricultural fields.
By 1989, residential subdivisions had begun to encroach on the central tributary north of what is
now Langstaff Road, and commercial/industrial development had expanded to the immediate
west. The crossing visible in the 1975 imagery along the western tributary was no longer present,
likely due to expansion of the local road network west of the subject lands. Portions of the central
tributary north of the subject lands also appeared to have been straightened or modified to
accommodate residential development, with landscaped rear yards of several residences abutting
the central tributary upstream of the subject lands. Between 1975 and 1989, headwaters of the
western tributary appeared to be straightened to follow property boundaries or enclosed in storm
sewers. These channel modifications likely resulted in limited/reduced natural channel form
upstream of the subject lands, as well as potentially more rapid run-off to receiving features due
to increases in impervious surfaces.
By 2004, the current alignment of Langstaff Drive had been constructed and residential
development had expanded further in the upstream extents of both the central and western
tributaries. An online stormwater management facility and access road were recently constructed
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immediately upstream of the subject lands on the north side of Langstaff Road. In addition, an
access road and watercourse crossing were apparent at the upstream extent of the central
tributary within the subject lands, approximately 110 m downstream of Langstaff Drive. A second
access to the central tributary was visible amongst the trees in the lower third of the central
tributary. The purpose of these two crossings was unclear based on the aerial photograph record
but it is inferred that they may provide a stormwater management function. There was limited
change between 2004 and 2018, with the exception of the construction of additional residences
on the west side of the central tributary upstream of Langstaff Drive.
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Watercourse Characteristics

3.1

Reach Delineation

Reaches are homogeneous segments of channel used in geomorphological investigations.
Reaches are studied semi-independently as each is expected to function in a manner that is at
least slightly different from adjoining reaches. This method allows for a meaningful
characterization of a watercourse as the aggregate of reaches, or an understanding of a particular
reach, for example, as it relates to a proposed activity. Reaches are typically delineated based
on changes in the following:








Channel planform
Channel gradient
Physiography
Land cover (land use or vegetation)
Flow, due to tributary inputs
Soil type and surficial geology
Historical channel modifications

Reach delineation follows scientifically defensible methodology proposed by Montgomery and
Buffington (1997), Richards et al. (1997), and the Toronto and Region Conservation Authority
(2004) as well as others. A single reach, CR-1, was delineated along the central tributary that
bisects the subject lands. Reaches CR-2 and CR-2a were delineated along the tributary to the
immediate west. Due to site access limitations, only approximately 50 m of Reach CR-2 was
assessed in the field. Refer to Appendix B for the location and extent of each reach.

3.2

General Reach Observations

Field investigations were completed on July 10 and September 4, 2019, and included the following:








Completion of reach-scale habitat sketch maps based on Newson and Newson (2000)
outlining channel substrate, flow patterns, geomorphological units (e.g., riffle, run, pool),
and riparian vegetation
Descriptions of riparian conditions
Estimates of bankfull channel dimensions
Determination of bed and bank material composition and structure
Observations of erosion, scour, or deposition
Collection of photographs to document the watercourses, riparian areas and/or valley,
surrounding land use, and channel disturbances such as crossing structures

These observations and measurements are summarized below.
The descriptions are
supplemented and supported with representative photographs, which are included in Appendix
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C. Field sheets, including reach summaries, habitat sketch maps and rapid assessments, are
provided in Appendix D.
Reach CR-1 was a single thread, irregularly meandering channel within a transfer zone. The
riparian zone was continuous and consisted of established trees (5-30 years), shrubs, grasses and
herbaceous species, and was approximately 4-10 channel widths. The reach had a perennial flow
regime and was moderately entrenched. Evidence of groundwater inputs (i.e., iron staining) was
observed within the reach. Riffle-pool spacing was approximately 10 m, with riffle lengths ranging
between 2 and 5 m. Riffle substrates consisted of sand, gravel and cobble and pool substrates
consisted of clay/silt and sand. Bank materials consisted of clay, silt, sand and rootlets. There
was minimal undercutting, with the highest measured undercut being 0.05 m.
Average bankfull channel width and depth were approximately 3.0 m and 0.4 m, respectively.
Average wetted width and depth were 0.61 m and 0.19 m, respectively. Bank angles ranged from
0-90˚. The upstream portion of Reach CR-1 was extensively encroached with vegetation and was
situated within a partially confined valley with minimal woody debris. Meander amplitude was
measured in the upstream portion of the reach to be approximately 3.9 m. The downstream
portion of the reach flowed through a forest within a confined valley and minimal vegetation
encroachment. The channel became less defined and had multiple valley wall contacts and a few
slumps. There was more woody debris present in the downstream portion of the reach relative to
the upstream portion.
Based on the extent assessed, Reach CR-2 was a single thread, irregularly meandering channel
flowing through a confined valley. The riparian zone was continuous and consisted mainly of
established trees (5-30 years) and herbaceous species and was approximately 4-10 channel
widths. The reach has an intermittent to perennial flow regime and had low entrenchment. No
true riffle-pool sequences were present but spacing between geomorphic units was approximately
6 m, with riffle lengths ranging between 1 and 2 m. Riffle substrates consisted mainly of sand,
gravel and small cobbles and pool substrates consisted of clay/silt and sand. Bank angles ranged
from 30-90˚ and materials consisted of clay/silt, sand and rootlets.
Average bankfull channel width and depth were 2.3 m and 0.25 m, respectively. At the time of
the assessment, average wetted width and depth were 0.93 m and 0.04 m, respectively. The
valley corridor had a bottom width of approximately 4-5 m and minimal bank erosion was observed
even though the channel was in contact with the left valley wall for a significant portion of the
reach. One larger eroded bank was present near the downstream extent assessed and was
approximately two metres in height and 5 metres in length.

3.3

Rapid Assessments

Channel instability was objectively quantified through the application of the Ontario Ministry of
the Environment’s (2003) Rapid Geomorphic Assessment (RGA). Observations were quantified
using an index that identifies channel sensitivity based on evidence of aggradation, degradation,
channel widening, and planimetric adjustment. The index produces values that indicate whether
a channel is stable/in regime (score <0.20), stressed/transitional (score 0.21-0.40), or adjusting
(score >0.41).
The Rapid Stream Assessment Technique (RSAT) was also employed to provide a broader view of
the system as it considers the ecological function of the watercourse (Galli, 1996). Observations
were made of channel stability, channel scouring or sediment deposition, instream and riparian
habitats, and water quality. The RSAT score ranks the channel as maintaining a poor (<13), fair
(13-24), good (25-34), or excellent (35-42) degree of stream health.
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Reaches CR-1 and CR-2 were also classified according to a modified Downs (1995) Channel
Evolution Model. The Downs Model describes successional stages of a channel as a result of a
perturbation, namely hydromodification. Understanding the current stage of the system is
beneficial as this allows one to predict how the channel will continue to evolve or respond to an
alteration to the system. The results of these assessments are summarized below in Table 1.
For Reach CR-1, an RGA score of 0.19 was assigned, indicating the reach was in regime. The
dominant geomorphological indicator was evidence of widening, shown by occurrences of large
organic debris and exposed roots. Reach CR-1 had an RSAT score of 32.5, or good. There was
no definitive limiting factor, as the reach scored ‘good’ in all categories. The reach was given a
Downs classification of ‘M’ for lateral migration.
For Reach CR-2, an RGA score of 0.24 was assigned, indicating the reach was in transition/stress.
The dominant geomorphological indicator was evidence of aggradation, evidenced by siltation in
pools, medial bars, accretion on point bars, and deposition in the overbank zone. Reach CR-2
had an RSAT score of 30, or good. The limiting factor was physical instream habitat due to the
few shallow pools and small riffle substrate sizes present. The reach was given a Downs
classification of ‘M’ for lateral migration.

Table 1: Summary of rapid assessment results
RGA (MOE, 2003)

RSAT (Galli, 1996)

Score

Condition

Dominant
Systematic
Adjustment

Score

Condition

Limiting
Feature(s)

CR-1

0.19

In Regime

Widening

32.5

Good

N/A

CR-2*

0.24

In
Transition

Evidence of
Aggradation

30

Good

Physical
Instream
Habitat

Reach

Downs
Channel
Evolution
Model
(1995)
M – lateral
migration
M – lateral
migration

* ~50 m of reach assessed due to the feature being located on private property
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Erosion Hazard Delineation

Most watercourses in southern Ontario have a natural tendency to develop and maintain a
meandering planform, provided there are no spatial constraints. A meander belt width or erosion
hazard assessment estimates the lateral extent that a meandering channel has historically
occupied and will likely occupy in the future. This assessment is therefore useful for determining
the potential hazard to proposed activities in the vicinity of a stream.
When defining the meander belt width for a creek system, the TRCA (2004) and MNR (2002)
protocols treat unconfined and confined systems differently. Unconfined systems are those with
poorly defined valleys or slopes well-outside where the channel could realistically migrate.
Confined systems are those where the watercourse is contained within a defined valley, where
valley wall contact is possible.
Based on our desktop review and field observations, the Carp River tributaries within and adjacent
to the subject lands are confined systems. Notably, channel migration rates could not be
measured due to the presence of trees along the tributary corridors, the size of the features, and
the resolution of available aerial photography. The MNR (2002) provides recommendations for an
appropriate toe erosion allowance based on evidence of erosion, channel bank composition and
bankfull channel width. As noted previously, the channel banks were composed of clay, silt and
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sand, and the average bankfull channel widths were estimated to be approximately 3.0 m and 2.3
m along the central and western tributaries, respectively. MNR (2002) guidelines indicate that for
channels with no active erosion, a bankfull channel width of less than 5 m and banks composed
of soft/firm cohesive soils, a 1-2 m toe erosion allowance should be applied. As Reach CR-1
contained limited evidence of erosion, had an average bankfull width of 3.0 m, with bank materials
consisting of clay, silt and sand, an erosion setback of 2 m is appropriate. A toe erosion allowance
of 1 m is recommended for Reach CR-2, as it has an intermittent to perennial flow regime, an
average bankfull width of 2.3 m and bank materials consisting of clay, silt and sand. These values
should be considered in conjunction with the geotechnical study, prepared under separate cover
by the Patterson Group Inc.
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Recommendations for Proposed Crossings

Two pedestrian crossings are proposed in Reach CR-1 where concrete culverts are currently
located. At this time, it is uncertain as to whether the existing concrete culverts will be maintained
or replaced. At the time of our assessment, no erosion concerns were documented in vicinity of
either culvert. Should the culverts be replaced, we recommend the new structures consider the
following from a fluvial geomorphic perspective:








Replacement structures should be open bottom or embedded a minimum of 0.3 m
Where possible, avoid the need for channel armouring or adjustment
Address potential channel migration
Maintain flow velocities and sediment transport processes for frequent storm events
Be located at a straight section of channel
Cross the channel at a perpendicular angle
Be located at a reasonably stable length of channel

The above recommendations are consistent with crossing guidelines developed by Greater Golden
Horseshoe Conservation Authorities such as Toronto and Region Conservation Authority (TRCA)
and Credit Valley Conservation (CVC). The TRCA (2015) recommends that crossing structures
span the meander belt width, where feasible, or, at minimum, the 100-year erosion limit to avoid
the migration of the channel into the crossing structure within the next 100 years. The TRCA
guidelines also allow smaller crossing structures that accommodate relatively small, stable
watercourses provided that they consider physical channel characteristics (e.g., alignment, width
and depth) and fluvial processes (e.g., erosion and scour).
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Summary

GEO Morphix was retained to complete a fluvial geomorphological assessment of two tributaries
of the Carp River located within and adjacent to the property located at 147 Langstaff Drive,
Ottawa. The desktop assessment included a review of available reporting, and surficial geology
and topographic mapping, as well as reach delineation. A historical assessment was also
completed using imagery available from the National Air Photo Library, the GEO Ottawa web
mapping application and Google Earth Pro.
The desktop assessment was confirmed through the completion of reach-based rapid field
reconnaissance on July 10 and September 4, 2019. Reach CR-1, along the central tributary,
consisted of a confined channel and was evaluated to be in regime, with an RGA score of 0.19.
The dominant systematic adjustment was evidence of widening. This reach had an RSAT score of
32.5, or good. Due to site access limitations, only approximately 50 m of Reach CR-2 was
assessed. This reach was also confined and assigned an RGA score of 0.24, indicating it was in
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transition/stress. The RSAT resulted in a score of 30, or good. The dominant systematic
adjustment was evidence of aggradation. Both reaches were assigned a score of ‘M’ for lateral
migration.
Overall, although the channels were in contact with the valley walls at multiple
locations, there was minor evidence of erosion along each tributary.
Where channel systems are confined, the erosion hazard can be defined using the 100-year
erosion limit or through the selection of an appropriate toe erosion allowance based on MNR (2002)
guidelines. For this study, channel migration rates could not be measured due to the presence of
trees along the tributary corridors, the relatively small size of the features, and the resolution of
available aerial photography. Therefore, toe erosion allowances were determined following Table
3 of the MNR (2002) guideline document. A 2 m toe erosion allowance was determined for Reach
CR-1 and a 1 m toe erosion allowance of 1 m was determined for Reach CR-2. These values
should be considered in conjunction with the geotechnical study, prepared under separate cover
by the Patterson Group Inc.
We trust this report meets your requirements at this time. Should you have any questions please
contact the undersigned.
Respectfully submitted,

Paul Villard, Ph.D., P.Geo., CAN-CISEC, EP, CERP
Director, Principal Geomorphologist

Suzanne St. Onge, M.Sc.
Senior Environmental Scientist
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Appendix A
Historical Aerial Photographs

Location: Intersection of Carp Road and Donald B. Munro Drive (yellow dot)
Year: 1946
Scale: 1:15,000
Source: National Air Photo Library

Project # PN19072
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Location: Intersection of Carp Road and Donald B. Munro Drive
Year: 1966
Scale: 1:6,000
Source: National Air Photo Library

Project # PN19072
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Location: Intersection of Carp Road and Donald B. Munro Drive
Year: 1966
Scale: 1:15,000
Source: National Air Photo Library

Project # PN19072

iii

Location: Intersection of Carp Road and Donald B. Munro Drive
Year: 1975
Scale: 1:15,000
Source: National Air Photo Library

Project # PN19072

iv

Location: Intersection of Carp Road and Donald B. Munro Drive
Year: 1989
Scale: 1:25,000
Source: National Air Photo Library

Project # PN19072

v

Location: Intersection of Carp Road and Donald B. Munro Drive
Year: 2004
Scale: Not applicable
Source: Google Earth pro

Project # PN19072

vi

Location: Intersection of Carp Road and Donald B. Munro Drive
Year: 2014
Scale: Not applicable
Source: Google Earth pro

Project # PN19072
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Appendix B
Reach Delineation

Appendix C
Photographic Record

Photo 1
Tributary of Carp River: View Downstream
Reach CR-1
Photo 2
Tributary of Carp River: View Upstream
Reach CR-1

View of the reach downstream of Langstaff Drive. The channel was heavily encroached
with vegetation at the upstream extent and was partially confined. Yellow arrow indicates
flow direction.

View of the culvert conveying flows under Langstaff Drive.
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Photo 3
Tributary of Carp River: View Upstream
Reach CR-1
Photo 4
Tributary of Carp River: View Downstream
Reach CR-1

Stormwater outlet that discharged into the reach from Langstaff Drive. This outlet was
located on the north side of the channel and flowed over small cobbles towards the reach.

An approximately 0.15 m knickpoint created by roots in the channel bed. There was a pool
downstream of this location.

Project #: PN19072
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Photo 5
Tributary of Carp River: View Downstream
Reach CR-1
Photo 6
Tributary of Carp River: View Downstream
Reach CR-1

The reach was extensively encroached with vegetation and contained well-developed rifflepool sequences at the upstream extent.

Riprap stabilization on top of a concrete culvert in the upper third of the reach. Note the
channel remained extensively encroached with vegetation and flowed through a confined
valley. No erosion was observed in vicinity of the crossing.
Project #: PN19072

iii

Photo 7
Tributary of Carp River: View Downstream/Left Bank
Reach CR-1
Photo 8
Tributary of Carp River: View Downstream
Reach CR-1

The reach entered a forested area with signs of slumping. Note the valley wall contact in
this image.

Within the forested section, the channel was less defined with multiple areas of woody
debris.

Project #: PN19072
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Photo 9
Tributary of Carp River: View Upstream
Reach CR-1
Photo 10
Tributary of Carp River: View Downstream
Reach CR-1

Woody debris within the forested section of the channel. Note the valley wall contact
circled in red.

Concrete culvert located in the lower third of the reach. Rip rap stabilization was observed
on top of the culvert. No erosion was observed in vicinity of the crossing.

Project #: PN19072
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Photo 11
Tributary of Carp River: View Downstream
Reach CR-2
Photo 12
Tributary of Carp River: View Downstream
Reach CR-2

Downstream extent of the reach at Carp Road, where the tributary flowed into a 0.90 m
diameter concrete pipe.

Downstream extent of assessed portion of reach. Channel flowed within a forested and
confined valley. Bed material consisted mainly of silt, sand, and gravel.

Project #: PN19072
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Photo 13
Tributary of Carp River: View Upstream
Reach CR-2
Photo 14
Tributary of Carp River: View Upstream
Reach CR-2

Eroded outside bank with a moderately dense root network.
Several woody debris jams were present throughout the reach.

Channel flowed along the toe of slope of the left bank for most of the extent assessed.
Minor bank erosion was present and several fallen trees were observed.
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Photo 15
Tributary of Carp River: View Upstream
Reach CR-2
Photo 16
Tributary of Carp River: View Upstream
Reach CR-2

Upstream extent of assessed portion of reach. Flows entered the site through a
compromised corrugated steel pipe that appeared to be overtopped during larger flow
events.

View of left valley wall that had little evidence of active erosion.

Project #: PN19072
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Photo 17
Tributary of Carp River: View Downstream
Reach CR-2

View of right valley wall and channel corridor.
Right valley wall was more densely vegetated.

Project #: PN19072
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Appendix D
Field Assessment Sheets
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