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1 Introduction

GEO Morphix Ltd. (GEO Morphix) was retained by Tamarack Developments to complete a fluvial
geomorphology assessment in support of the Cardinal Creek Village South development at 1296 and
1400 Old Montreal Road Draft Plan of Subdivision in Ottawa, Ontario. The proposed development site,
referred to as the ‘subject lands’, is bounded by Old Montreal Road to the north, Cox Country Road to
the east, a tributary to Cardinal Creek aligned perpendicular to Cox Country Road to the south, and
existing low-density residential properties to the west. The subject lands have a development area of
approximately 46.30 ha.

The tributary to Cardinal Creek, comprising the southern border to the subject lands and aligned
perpendicular to Cox Country Road, is known as the South Tributary. The South Tributary corridor is a
forested, confined valley that flows towards the southwest and outlets to Cardinal Creek approximately
350 m south of the Old Montreal Road crossing over Cardinal Creek. The majority of contributing
drainage to the South Tributary originates from the south and the east. A map of the subject lands is
provided in Appendix A.

Following a review of the Cardinal Creek Village South Draft Plan of Subdivision and Zoning By-Law
Amendment applications, the City of Ottawa outlined concerns regarding a specific slope failure location
downstream of the proposed development area and apparent instability and deforestation/erosion
impacts to the South Cardinal Creek Tributary valley. The City of Ottawa suggests that the slope failure
has resulted in a change to the environmental setting compared to the conditions under which the
Cardinal Creek Village Master Services Study (MSS) was completed approximately ten years ago. The
City has indicated that the potential change in the environmental setting requires an addendum to the
Cardinal Creek Village Master Servicing Study (MSS) and an Environmental Management Plan (EMP).
Specifically, there is a need for further detailed geotechnical and geomorphological investigations.

It is noted that although the original geomorphological assessments completed are dated, they are
reasonably detailed in scope. The concerns brought forward by the City are geotechnical and
geomorphological in nature, and thus, the present assessment is limited to specific concerns about
erosion and slope adjustment. The geomorphological study of the tributary focused on updating existing
condition characterization, updating/confirming erosion hazard delineation, reviewing erosion mitigation
strategies, identifying remedial measures required to stabilize the slope, and confirming and updating
(where required) the stormwater management criteria. The City has stated that this work is required
before the Cardinal Creek Village South development can proceed.

The work plan outlined below conforms to the Terms of Reference previously submitted to Tamarack
Developments and was specifically developed to provide information that addresses the City’s comments
and concerns. In summary, we would complete the following activities as part of our work:

e Review available background reports and mapping (i.e., watershed/subwatershed studies,
geology, topography, conceptual development plans) to inform watershed and drainage network
characterization. Specific reports to be reviewed include the following:

o Cardinal Creek Geomorphic Assessment, City of Ottawa (Geomorphic Solutions — April
2007)

o Cardinal Creek Village Erosion Threshold Assessment of South Tributary (Parish
Geomorphic Limited - January 2013)

o Cardinal Creek Village Meander Belt Width Delineation Memo (Parish Geomorphic
Limited - April 4, 2013)

o Cardinal Creek Village Erosion Threshold Assessment of Cardinal Creek Main Branch
(Parish Geomorphic Limited — May 2013)
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o Preliminary Geotechnical Review for Proposed SWMP (Paterson Group - December 2,
2020)
o Phase I Environmental Site Assessment Cardinal Creek Village South (Paterson Group
May 20, 2022)
o Geotechnical Investigation Cardinal Creek Village South (Paterson Group - November
19, 2021)
o Preliminary Stormwater Management Plan and Stormwater Management Facility Design
(JFSA - December 21, 2021)
o Functional Servicing Report Cardinal Creek Village South (DSEL - June 2022)
e Review watercourse reach delineation and confirm/update reach delineation completed through
past studies to support the characterization of existing conditions
e Develop a Terms of Reference to ensure the geomorphological component of the study
addresses all requirements of the City of Ottawa
e Update the original historical assessment to include more recent aerial photographs to identify
any additional slope adjustments or feature changes
e Conduct LiDAR-based assessment based on available data to identify geomorphic units,
including slips, landslides, and other erosion features, to bring the assessment up to the current
period
e Review the previously completed rapid geomorphological field assessments, and, where
required, complete updated rapid geomorphic field assessments to document any areas of
significant erosion, collect instream measurements of bankfull channel dimensions, and
characterize bed and bank material composition and structure
o Compile an erosion inventory along the South Tributary to document evidence of
dynamic adjustments along channel or adjacent valley slopes
e Complete a detailed geomorphic field assessment data and field observations in the context of
erosion thresholds
¢ Review meander belt width delineation or erosion hazard for the watercourse using historical
and recent aerial imagery, field observations, or empirical modelling approaches where required
e Develop and initiate a pre-development erosion monitoring program to establish baseline
conditions for comparison during post-construction
e Specifically review the identified slope failure location at 1320 Grand-Chéne Court within reach
R3 and provide recommendations for dealing with erosion concerns in that area

2 Desktop Assessment

A review of pertinent background material was completed to inform and provide context regarding local
hydrology, stream morphology, and previous erosion hazard studies. Material reviewed includes site
plans, historical aerial photographs, publicly available surficial geological mapping, physiological region
and landform mapping, watershed reports published by RVCA, and previous assessments and reports,
which are listed above. Spatial terrain datasets were also analyzed to map and interpret channel and
valley geomorphic features to provide insights into the nature and rate of geomorphic change within the
subject lands.

2.1 Watershed Characteristics

The subject lands are located in the Orleans suburb in the Cardinal Creek Watershed, east of Ottawa.
Cardinal Creek is eight kilometres long and drains approximately 35 km? of land (RVCA, 2022). The
creek flows in a northwestern direction from the headwaters east of the intersection of Frank Kenny
Road and Innes Road until it crosses Watters Road, where it changes direction to flow north towards the
Ottawa River. Land use within the watershed is primarily agricultural, particularly within the headwaters,
and transitions into residential and commercial land use at the downstream extent before reaching the
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Ottawa River (RVCA, 2022). The section of Cardinal Creek where the South Tributary outlets meanders
within a forested, confined valley surrounded by residential properties in the adjacent tablelands.

The South Tributary corridor is a forested, confined valley that flows towards the southwest and outlets
to Cardinal Creek approximately 350 m south of the Old Montreal Road crossing over Cardinal Creek.
The farthest upstream extent of the South Tributary is immediately west of the intersection of Cox
Country Road and Jonquille Way. This portion of the watercourse is a straightened agricultural drain,
which transitions into a forested corridor with decreasing elevation and increasing width, sinuosity, and
valley confinement closer to the confluence with Cardinal Creek.

The majority of contributing drainage to the South Tributary originates from the south and the east.
Land use to the south is comprised of agricultural fields with forested areas occupying some of the
headwater channel corridors that discharge to the South Tributary. Portions of the headwater channel
corridors to the south have been deforested and straightened as recently as the 2010s. Land use to the
east is comprised of low-density residential properties and a fragmented forest block. Former land use
towards the east appears to have been agricultural, and the drainage features in this area were
previously straightened to accommodate prior farming activities.

2.2 Surficial Geology and Physiography

Surficial geology and physiography act as primary controls regarding channel development, as they
greatly influence a given drainage system's hydrological and sediment characteristics. Channel
morphodynamics are primarily governed by the flow regime and the availability and type of sediments
within the stream corridor. These factors are explored as they offer insight into existing conditions and
potential changes that could be expected in the future as they relate to proposed development within
the streams catchment area. A map showing the surficial geology throughout the subject lands is
provided in Appendix C.

The St. Lawrence-Ottawa Lowlands physiographic region, an area of low relief with elevations
approaching sea level (approximately 200 feet asl or lower), encompasses the entirety of the subject
lands (Chapman and Putnam, 1984). There are two minor physiographic regions throughout the subject
lands: the Ottawa Valley Clay Plains (region 49), which encompass most of the South Tributary and it's
contributing watercourses flowing from the south, and an area around the farthest upstream reaches
with glacial till comprised of gravel to boulder-sized substrate that is likely part of the Glengarry Till
Plain (region 46) (Chapman and Putnam, 1984). The Ottawa Valley Clay Plain region is characterized
by deep, silty clay plains interrupted by occasional rock and sand ridges (Chapman and Putnam, 1984).
The clay deposits originated in a glaciomarine context in the brackish waters of the Champlain Sea with
sediments sourced from Canadian Shield granite (Alysworth and Lawrence, 2003; Hunter, Crow, and
Brooks, 2011; Chapman and Putnam, 1984). Surficial geology throughout the subject lands is thus
primarily comprised of a clay and silty clay layer derived from non-clay minerals (i.e., glacial rock flour)
that is generally poorly drained and very plastic (Alysworth and Lawrence, 2003; Chapman and Putnam,
1984; OGS, 2010). The native sediments that compose the channel substrate within the South Tributary
are dominated by cohesive clay materials. An ancient landslide scar comprised of the native sediments
is present within the lower reaches of the South Tributary and a small area where the calciferous
Paleozoic bedrock outcrops at the surface. The landslide scar also overlaps with the main channel of
Cardinal Creek near the confluence with the South Tributary, and there are more extensive bedrock
outcrops within the main channel along the reach downstream of the confluence.

2.3 Review of Previous Studies

Studies conducted for the Greater Cardinal Creek Subwatershed Study (SWS) were reviewed to confirm
preliminary erosion threshold targets and other development constraints for the subject land. The
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Greater Cardinal Creek SWS was initiated to document existing conditions within the watershed and
provide recommendations for development and preservation. While the SWS was ongoing, an Urban
Expansion Area, Area 11, was confirmed within the watershed. The reviewed SWS studies include the
Geomorphic Assessment (Geomorphic Solutions, 2007) and the Existing Conditions report (AECOM,
2009).

Studies conducted as part of the Master Servicing Study (MSS) for Cardinal Creek Village were reviewed
to confirm updated erosion threshold targets and erosion hazard setbacks. The MSS was initiated to
investigate the provision of servicing infrastructure to support the proposed development of Cardinal
Creek Village within the City of Ottawa. The Cardinal Creek Village development area comprises 208
hectares of the Area 11 Urban Expansion Area north of the South Tributary to Cardinal Creek. Studies
reviewed include the Meander Belt Width (MBW) Delineation and Erosion Threshold Assessments for the
Cardinal Creek main branch and South Tributary in three (3) separate reports (Parish Geomorphic Ltd.,
2013). Erosion threshold methods and results from the respective geomorphic assessments are
discussed in more detail in Section 4 below.

Studies prepared for the Planning Act development application and the Functional Servicing Study (FSS)
for Cardinal Creek Village were also reviewed to confirm erosion hazard setbacks and development
constraints for the subject lands. Studies conducted to establish existing conditions, assess stormwater
management, and identify erosion hazards and development constraints for the Cardinal Creek Village
South development were reviewed. These include the Preliminary Geotechnical Review for the proposed
SWMP (Paterson Group, 2020), the Phase 1 Environmental Site Assessment (Paterson Group, May
2022), the Geotechnical Investigation for Cardinal Creek Village South (Paterson Group, November
2021), and the Preliminary SWMP (JFSA, 2021). The Geotechnical Review for the proposed SWMP and
the Geotechnical investigation completed by Paterson Group (Paterson) were revised in 2023, and the
most up-to-date versions of these documents were reviewed. The Geotechnical Slope Stability
Assessment for the recent slope failure within the rear yard of 1320 Grand-Chéne Court was also
reviewed (Paterson, 2023).

2.3.1 Geomorphic Assessment and Existing Conditions for Cardinal Creek

The Geomorphic Assessment report examined the Cardinal Creek watershed at a “planning level” to
delineate reaches, develop an understanding of system health and sensitivity to change, and provide
preliminary targets for planning and baseline data for future studies (Geomorphic Solutions, 2007).
Rapid and detailed geomorphic assessments were conducted along the main branch of Cardinal Creek
in October and November 2006. There was no access to the South Tributary during this time, and the
Geomorphic Assessment did not delineate erosion hazards or estimate an erosion threshold for that
watercourse. The results for reaches along the main channel are provided for reference. The Rapid
Geomorphic Assessments (RGAs) conducted along the main branch found that reach C4 was ‘In Regime’
with an RGA score of 0.14, while reach C10 was found to be ‘In Regime’ with an RGA score of 0.11
(MOE, 2003; VANR, 2007). Erosion thresholds were modelled for reaches C4 and C10 along the main
branch using the results of the rapid and detailed assessments. Reach C4 is located upstream of the
South Tributary near the intersection of Frank Kenny Road and Cox Country Road, while reach C10 is
the reach into which the South Tributary discharges. For reach C4, a critical discharge of 1.01 m3/s was
modelled based on a permissible shear of 4.7 N/m?2 for the compact sandy clay observed along the
channel bed. For reach €10, a critical discharge of 0.05 m3/s was modelled using a critical velocity of
0.30 m/s based on the flow competency for the median grain size of the bed substrate.

The Existing Conditions report identified sites requiring immediate slope stabilization and where toe
erosion protection is recommended, all located along the main branch of Cardinal Creek (AECOM, 2009).
The Subwatershed Management Plan phase built upon the Existing Conditions report and included
identification, policies for protection, and potential habitat restoration opportunities of the natural
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heritage system. The forested areas occupying the South Tributary corridor and its headwater channels
to the south were all designated as Significant Woodland. According to the Cardinal Creek SMP, one of
the headwater channel corridors near the eastern end of the South Tributary was deforested and
straightened in 2009, and increased channel and bank instability were observed within the South
Tributary following this deforestation.

2.3.2 Erosion and Meander Belt Width Assessments for Cardinal Creek Village and Cardinal
Creek Village South

Erosion Assessment reports examined watercourses within the Cardinal Creek watershed in which the
development of Cardinal Creek Village was proposed to support the associated stormwater management
plan (Parish Geomorphic Ltd., 2013). Rapid and detailed assessments were conducted along the main
branch of Cardinal Creek by Parish Geomorphic Ltd. (Parish) in April 2013. An erosion threshold was
modelled for reach C11-B by Parish in May of 2013 based on the results of the rapid and detailed
assessments. Reach C11-B is located downstream of the South Tributary, south of Old Montreal Road.
The rapid assessments found that reach C11-B was ‘In Adjustment’, with a 0.44 RGA score, with
widening being the dominant form of adjustment (MOE, 2003; VANR, 2007). Reach C11 was assessed
in 2007 by Geomorphic Solutions and was assessed as being ‘In Transition” with an RGA score of 0.34
and widening being the dominant form of adjustment. In 2007, reach C10 was found to be ‘In Regime’
with an RGA score of 0.11. The 2013 rapid assessments found reach €10 was ‘In Adjustment’ with an
RGA score of 0.33 with widening as the dominant form of adjustment. An erosion threshold, expressed
as a critical discharge of 1.5 m3/s, was modelled for reach C11-B based on a permissible shear of 12.25
N/m?2 for the compact sandy clay observed along the channel bed.

Rapid and detailed assessments and erosion threshold modelling were also completed for reaches along
the South Tributary to Cardinal Creek in 2012 and 2013 by Parish (Parish Geomorphic Ltd., January
2013). Three (3) reaches were delineated within the South Tributary, R1, R2, and R3. R1 comprises
the farthest upstream extent with a large proportion of its length straightened and traveling through
agricultural fields. R2 begins where the watercourse enters a confining, forested valley and continues
until the downstream side of a wide southeastward bend in the valley and channel. R3 continues from
there until the confluence with the main channel of Cardinal Creek. The RGA found that all three (3)
reaches, R1, R2, and R3 were 'In Adjustment’ with RGA scores of 0.485, 0.55, and 0.51, respectively.
Widening was the dominant form of adjustment in all cases (MOE, 2003; VANR, 2007). The erosion
threshold was modelled in reach R2 based on the permissible shear of 20.3 N/m?2 for the silty-clay bed
substrate observed throughout the reach, which resulted in a critical discharge of 0.43 m3/s (Dunn,
1959).

Meander Belt Width delineation was also completed for all reaches along the South Tributary to Cardinal
Creek in 2013 (Parish Geomorphic Ltd., April 2013). An additional reach was delineated during this
assessment that divided R3 in two to create R4, which begins where a large contributing watercourse
(reach T4, see Section 3.1 below) meets the South Tributary and continues until the confluence with
the main channel. MBWs were both measured and empirically derived, each with a 10% buffer applied,
with the more conservative empirically derived MBWs ultimately being recommended due to the high
RGA scores for the tributary. The empirical MBWs were calculated using methods outlined in Lorenz et
al. (1985), Ward (2002), and Williams (1986) and then averaged to derive the final estimate. The MBWs
for R1, R2, R3, and R4 are 26.6 m, 26.6 m, 25.8 m, and 29.8 m, respectively. Reach R2 was used as
a surrogate for R1, as the latter was historically straightened.

2.3.3 Phase I Environmental Site Assessment Cardinal Creek Village South

The Phase I Environmental Site Assessment (ESA) aimed to review past land use within and adjacent
to the subject lands to identify potential environmental concerns caused by previous activities (Paterson

Project No. 23076 geomorphix.com 5



GEO‘MORPHIX’”

|
|

Group, 2022). Land use within and adjacent to the subject lands was found to be historically agricultural
or rural residential. A site inspection of contemporary land use within the subject lands identified a rock
crushing and storage operation in the western portion of the development area, with the remainder of
the development area being vacant. No environmental concerns were identified with respect to this
ongoing operation within the subject lands or current land uses within properties adjacent to the subject
lands. A Phase II ESA was not recommended.

2.3.4 Preliminary Stormwater Management Plan and Design

The Preliminary Stormwater Management Plan and Stormwater Management Facility Design for Cardinal
Creek Village South evaluated the storage required for the proposed SWM facilities (JFSA, 2021). While
two SWM facilities are proposed within Cardinal Creek South Village, only one is proposed to discharge
to the South Tributary and is discussed herein. The SWMP proposed to discharge to the South Tributary
would drain an area of 38.08 ha and provide quality, quantity, and erosion control up to the 100-year
level. Target release rates for the pond were estimated using an XPSWMM model for the 24-hour SCS
Type II design storm, and the proposed drainage area to the pond was simulated using a SWMHYMO
model. The proposed pond design was determined to be of sufficient size, as quantity control
requirements were met.

2.3.5 Preliminary Geotechnical Review of Proposed SWMP Cardinal Creek Village South

The geotechnical review of the proposed SWMP in Cardinal Creek Village South was undertaken to
provide recommendations for construction based on the subsurface profile at the proposed pond location
and slope stability adjacent to the proposed pond location (Paterson, 2023). The proposed pond location
is located within the tablelands north of the South Tributary to Cardinal Creek along reach R2.
Subsurface conditions were examined through test holes advanced at the proposed SWMP location. The
subsurface was found to be comprised of a very stiff brown silty clay transitioning at 3 to 6 m below
the existing surface to a stiff grey silty clay. A long-term groundwater depth of 3 to 4 m below
the existing ground surface was estimated. The slope stability analysis incorporated results from the
subsurface investigations to model the stable slope at two cross-sections along the north valley slope
adjacent to the proposed location under a range of pond water levels. The minimum factors of safety of
1.5 under statics conditions and 1.1 under seismic conditions were met at both cross-sections and the
slope was determined to be stable under long-term conditions.

2.3.6 Geotechnical Investigation for Cardinal Creek Village South

The Geotechnical Investigation for Cardinal Creek Village South examined subsurface conditions within
the subject lands and slope stability along the slopes within the South Tributary valley to provide design
recommendations for the development (Paterson Group, 2023). Subsurface conditions were observed
using a combination of boreholes and test pits advanced throughout the subject lands between January
2009 and March 2021. Groundwater levels were monitored using piezometers fitted to boreholes.
Overburden thickness within the subject lands was delineated through a probehole bedrock delineation
program conducted in November 2019. The watercourse and slopes within the valley were observed
between April 2012 and July 2023. Cross-sections along valley slopes derived from topographic surveys
and LiDAR data were assessed as part of the slope stability analysis.

The surficial soil was found to be underlain by a weathered brown crust of stiff silty clay, which was
underlain by an unweathered grey silty clay to depths greater than 9 m, with depth decreasing towards
the eastern side of the subject lands. Glacial till comprised of silty clay with variable coarse contents
ranging in size from sand up to boulders was also present below the unweathered grey silty clay. Depth
to bedrock from the existing ground surface ranged from 0 to 25 m, decreasing in depth towards the
eastern side of the subject lands. A long-term groundwater depth of 3 to 4 m below the existing ground
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surface was estimated. Permissible grade raise restrictions ranging from 2 to 2.5 m were proposed for
the site due to the silty clay subsurface layer.

Slopes ranging from 3 to 15 m in height and 5H:1V to 1H:1V in gradient were observed throughout the
South Tributary valley. Slopes were comprised of a stiff brown silty clay underlain by firm grey silty clay.
Toe erosion was observed where the watercourse was in contact with the valley wall. Undercutting and
shallow slips were noted as the types of erosion observed. The channel bed was observed to be
comprised of a combination of glacial till and grey silty clay in the farthest upstream portion of the South
Tributary and grey silty clay in the downstream portion. The Limit of Hazard Lands setback along the
top of the north valley slope was delineated based on the slope stability analysis, which incorporated
results from all subsurface investigations described above and was carried out in accordance with the
City of Ottawa’s standard guidelines. The minimum factor of safety of 1.5 was met at all cross-sections
analyzed except for two, where setbacks of 4.7 and 17 m were delineated. A toe erosion allowance of 5
m, delineated from the stable top of slope, was proposed based on the observed slope composition and
toe erosion.

2.3.7 Geotechnical Slope Stability Assessment of Recent Slope Failure

A slope failure along the north valley slope of the South Tributary was previously identified within the
rear yard of 1320 Grand-Chéne Court and observed in a land surface model generated from remotely
sensed data (Stantec, 2021). The City of Ottawa was made aware of this slope failure and expressed
concern regarding slope stability throughout the proposed development of Cardinal Creek Village South
through an engineering review letter dated June 2, 2023. Additional geotechnical and geomorphological
studies were undertaken to address the slope stability concerns.

Paterson Group (Paterson) initiated and conducted a geotechnical slope stability assessment in 2023.
Based on interviews with the property owner of 1320 Grand-Chéne Court conducted by Paterson, the
slope failure was initially observed in April 2014, shortly after they had taken possession, and annual
slope movement has been observed since then. It was also noted that the ground surface adjacent to a
retaining wall along the top of the valley slope within the neighbouring property had failed at an unknown
time in the past (Paterson, 2023). Based on discussions with the contractor who constructed the homes
along Grand-Chéne Court, the property owner learned that the ground surface throughout that
development area had been raised using soil generated from building excavations. This soil was also
dumped down the valley slope of the South Tributary.

A failure surface ranging from 0.40 to 1.2 m in height was observed along the top of the valley slope in
the rear yard of 1320 Grand-Chéne Court by Paterson in July 2023. Additional slip surfaces were also
noted along the base of the slope. The subsurface profile consisted of a relatively thick layer of the
aforementioned fill, overlying a relatively thin layer of brown silty clay, which was overlying a saturated
layer of firm to stiff grey silty clay (Paterson, 2023). Depth to bedrock was estimated to be
approximately 18.2 m based on public well records. The valley slope was 14 m in height with a 3.5H:1V
profile with local sections up to 1.5H:1V (Paterson, 2023).

The slope stability analysis for the valley slope at 1320 Grand-Chéne Court found that the factor of
safety was 1.1 for slope conditions prior to in-filling (Paterson, 2023). The minimum factor of safety
generally recommended where slope failure would endanger permanent structures is 1.5. The report
concluded that a limit of hazard lands setback should have been applied to the lot, and fill placement in
the tablelands and along the valley slope should have been avoided (Paterson, 2023). The slope failure
was ultimately attributed to a combination of the fill placement and ongoing erosion at the toe of the
valley slope by the watercourse. Additional geotechnical studies were recommended to verify
undisturbed soil characteristics and depth of the failure plane and to delineate a stable slope setback
with a minimum 1.5 factor of safety.
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2.4 Historical Assessment

A series of historical aerial photographs were reviewed to determine changes to the South Tributary,
the main channel of Cardinal Creek, where the tributary outlets, and surrounding land use and land
cover. This information, in part, provides an understanding of the historical factors that have contributed
to current channel morphodynamics and is used to inform erosion hazard assessments. Aerial
photographs for the vyears 1976, 1991, 2002, 2011, and 2021 from GEO Ottawa
(https://maps.ottawa.ca/geoottawa/) were reviewed. Imagery is provided in Appendix B for reference.

1976

The subject property and portions of the surrounding area were actively cultivated prior to 1976. Old
Montreal Road and Cox Country Road were established by this time. Land use within the tablelands
surrounding the main channel of Cardinal Creek downstream of the South Tributary confluence was
comprised of residential properties. Land use north and east of the South Tributary, which is visible on
the 1976 imagery, consisted primarily of agricultural fields. At this time, there were few residential
dwellings located south of Old Montreal Road between the road and reaches R3 and R4 of the subject
tributary (updated reach delineation is detailed in Section 3.1 below, and a reach map is provided in
Appendix A). A forested buffer separates the agricultural fields to the north of the upstream reaches
from the valley. Land use south of the South Tributary outside the subject lands is largely comprised of
forest interspersed with agricultural fields. Evidence of the tributaries (reaches T1, T2, T3, and T4)
draining the land south of the South Tributary is largely obscured by the forest cover. However, the
westernmost tributary (T4) is observable where it transitions from straightened agricultural drainage to
a forested valley.

The South Tributary channel pattern is largely obscured by forest cover in the 1976 imagery. However,
a straightened section of the channel through agricultural fields perpendicular to and immediately
downstream of Cox Country Road, reach R1, is discernable in the imagery. Downstream of this, a
backwatered area is visible within reach R1A before the watercourse enters the forested valley, and the
channel pattern is obscured where reach R2 begins. Also visible is a vegetative buffer surrounding the
area where a branching drainage channel is noted along the northern valley wall of reach R2. This
drainage feature extends into a field immediately east of the lot where piled fill is currently stored. In
the Geotechnical Investigation for Cardinal Creek Village South, this drainage feature is recommended
for infilling (Paterson, 2023). Crossings over the watercourse and valley are visible within the middle
extent of the South Tributary, where there is a wide southeastward bend, delineated as reach R2A in
the present report. The land is cleared of vegetation along an embankment supporting the road,
suggesting it may have been recently graded.

1991

Land use appears to remain largely unchanged between 1976 and 1991, with the exception of the area
east of Cox Country Road, upstream of the South Tributary. The area that was formerly agricultural
fields east of Cox Country Road has been cleared, and grading and road building are evident, with
several residential lots already occupied by homes. The channel pattern of the South Tributary and its
southern contributing channels (T1 to T4) remains largely obscured. Backwatering previously observed
at the upstream extent in reach R1A has receded, and the area previously occupied by water now
appears to have herbaceous meadow cover. Vegetation surrounding the branching drainage channel
observed encroaching to the north from R2, as well as the beginning of the channel itself, are visible in
the 1991 imagery. Straightened ditches are evident, draining agricultural fields north of the valley into
the South Tributary. The crossings observed in the 1976 imagery within the middle extents of the
watercourse appear to remain in use. New houses were built along the edge of the northern valley wall
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immediately downstream of the crossings in R3 between 1976 and 1991. Construction and grading
activities appear to have been recent in the 1991 imagery, as the land is cleared of vegetation.

2002

Land use within the subject lands and surrounding areas again appears largely unchanged between
1991 and 2002. Some planform change is observable within reach €10 along the main channel,
particularly in the downstream extent, where a meander bend appears to have migrated towards the
Old Montreal Road embankment. An area of the embankment that was forested in 1991 is missing some
tree cover in the 2002 imagery, exposed sediment is evident, and a form resembling a slump with a
headscarp near the road is observable. The upstream extent of the channel in reach R1 remains a
straight ditch surrounded by agricultural fields. The channel pattern of the South Tributary and its
southern contributing channels (T1 to T4) remains largely obscured. Immediately downstream of the
straight section, there is an irregularly meandering channel travelling through a wide floodplain
vegetated with herbaceous meadow cover visible in the area, which was previously backwatered,
delineated as reach R1A in the present report. The channel pattern is mostly obscured downstream of
this as it enters the forested valley. Severe backwatering is evident upstream of the previously noted
crossings in R2A.

2011

Land use within the subject lands again remains largely unchanged between 2002 and 2011. Additional
planform changes are visible along C10, where changes were identified in the 2002 imagery. Substrate
from the slope on the outside of the meander bend appears to have settled at the base of the slope,
constricting the channel at that location. Cutoff chutes appear to have formed around mature, vegetated
bars upstream of this, creating islands. A beaver dam is evident across the channel upstream of this,
causing backwatering upstream. The outside of the meander bend immediately upstream of the beaver
dam appears to have migrated, as the slope that was forested in the 2002 imagery is missing tree cover,
and exposed sediment is evident. A second beaver dam is evident just downstream of the confluence
with the South Tributary.

An area of forest has been removed in the tablelands south of the valley adjacent to the section from
reach R1 to R2A; reaches T1 and T2 are located in this area. There is evidence of T1 and T2 on the
deforested landscape in approximately their current alignment. An area surrounding T1, where the
channel bends westward, appears to be saturated, suggesting possible historic backwatering at that
location. The area north of T1 remained forested in the 2011 imagery. T3 and T4 remain largely
obscured by forest cover, except T4 is observable where it transitions from straightened agricultural
drainage to a forested valley and remains in the same alignment as the 1976 imagery.

The upstream extent of the channel in R1 remains straight, while the channel just downstream in R1A
within the wide, vegetated floodplain no longer meanders. There is a small area with backwatering, then
a relatively straight section with evidence of lateral scour beginning to form meanders. Observing the
2005 and 2008 imagery, the area is covered in a large volume of water, which likely lead to deposition
over the former channel location and formation of a new channel through the freshly deposited
sediments when the backwatered area drained. Vegetation surrounding the encroaching drainage
channel previously observed along the north valley wall in R2, as well as the beginning of the channel
itself, remain visible and appear to be in the same location. The formerly backwatered area upstream
of the valley crossing in R2A has drained, and a narrow channel is visible, cutting a path through a wide
floodplain likely created by sediments deposited while the area was backwatered. The crossing appears
to remain in use, although part of the road has been abandoned, and a more direct path is visible,
cutting across the landscape. Additional houses and pools were built along the edge of the north valley
wall downstream of the crossing in R3. Parts of the channel are visible downstream of the crossing in
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R3, meandering through a wide floodplain that lacks tree cover. Observing the 2007 imagery, this area
is also backwatered, and there is extensive treefall along the margins of the valley. Thus, this area also
underwent a cycle of backwatering, deposition, drainage, and new channel formation similar to the
upstream section previously described.

2021

The slope along Old Montreal Road, where a headscarp was previously visible along reach C10 in the
2002 imagery, appears to have undergone stabilization works. The location where the channel
constriction occurred has adjusted, with the opposite bank having migrated away from the road. The
cutoff chutes appear to have enlarged and the former main channel that flowed between the islands
created by the cutoff chutes appears to be in the process of abandonment. The farthest downstream
beaver dam noted in the 2011 imagery is no longer present in the 2021 imagery. The slope immediately
upstream of this also appears to have undergone stabilization works. It is unclear whether the beaver
dam just downstream of the confluence with the South Tributary is still present due to shadows on the
aerial images.

Deforestation within the tablelands south of the valley adjacent to the section from reach R1 to R2A
continued between 2011 and 2021, with the previously forested area north of T1 now cleared of trees
and the fields being actively cultivated. The farthest upstream sections of T1 and T2 that were previously
surrounded by forest are now realigned and straightened, with little buffering of T2 from the agricultural
fields, while T1 appears to be buffered to the south. T3 and T4 remain largely obscured by forest cover,
except T4 is observable where it transitions from straightened agricultural drainage to a forested valley
and remains in the same alignment as the 1976 imagery. The channel pattern within the upstream
extent of the South Tributary in R1 and R1A remains identical. Vegetation surrounding the encroaching
drainage channel along R2 remains visible and its footprint appears identical to earlier images. The
storage piles of fill appeared on the tablelands north of the valley adjacent to R2 between 2011 and
2014 and continued to expand to its current extent in the intervening period. The area upstream of the
crossing in R2A maintains a wide floodplain with herbaceous vegetation cover. The crossing appears to
have been abandoned, as vegetation along the road is overgrown. The area downstream of the crossing
in R3 is backwatered again.

2.5 Digital Terrain Analysis

Terrain analysis of two high-resolution spatial datasets was used to map, plot, and interpret channel
and valley geomorphic features within the study area. Stream channels are inherently dynamic features
of the natural landscape, and the detailed observation of channel and valley geomorphology using spatial
datasets is useful to gain insight into how a given fluvial system has adjusted and is likely to adjust over
time. In particular, the use of high-resolution bare-earth digital elevation models derived from airborne
LiDAR surveys allows for detailed broad-scale mapping and analysis of geomorphic features. In cases
where two or more elevation surveys are available, analyzing the detailed topographic data from these
surveys can provide useful insights into the nature and rate of geomorphic adjustment during the
intervening period.

2.5.1 Methods

For this study remote sensing data was used for detailed analysis of geomorphic features adjacent to
and within the valley of the subject watercourse. Remote sensing data in the form of LiDAR-derived
bare-earth digital elevation models (DEM) with a horizontal resolution of 1x1 m were provided by Stantec
(2012 data) and also obtained from a publicly available dataset maintained by OMNRF (2019/2020
data). The bare-earth elevation raster datasets were used to generate hillshade models and longitudinal
channel bed elevation profiles both useful for interpreting and analyzing geomorphic features. The
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following specific geomorphic features and terrain metrics were mapped, plotted, and analyzed using
the high-resolution elevation data:

. Land surface changes across the study area between 2012 and 2019/2020
. Gullies along the valley walls

. Slumps and landslides feature along the valley walls

. Slope gradients within the valley

. Channel bed longitudinal profile for 2012 and 2019/2020

The 2012 and 2019/2020 DEMs were used to generate a land surface change raster, or a DEM of
Difference (DoD), which is used to highlight areas of significant elevation change between the two survey
periods. The DoD was generated by subtracting the elevation values recorded in the more recent
2019/2020 elevation raster from the elevation values recorded in the earlier 2012 elevation raster. The
DoD was overlayed on the 2019/2020 hillshade raster to show the spatial distribution and magnitude of
land surface changes over the given time period. Ground control points (n=10) were used to evaluate
and correct for any systematic elevation difference between the two elevation rasters (mean difference:
-0.22 m; standard deviation: 0.05). Note that the ground control elevations in the 2019/2020 dataset
were all lower and ranged from -0.16 to -0.31 m of the 2012 elevations. To account for the elevation
difference, an offset of 0.22 m was applied to the 2019/2020 elevation raster before generating the
DoD.

Geomorphic features, including gullies, slumps, and landslides, were delineated using the hillshade
model generated from the OMNRF bare-earth elevation raster. Delineation was generally accomplished
by visually interpreting the morphological features and characteristics shown on the hillshade, slope
gradient raster, and land surface change raster. Slumps were identifiable by their concave profile, with
a steep, crescent-shaped headscarp and debris amassed at the base of the slope. More recent slumps
were the most readily identifiable due to the contrast in slope gradient between the headscarp and the
debris pile, while in older slumps the contrast was somewhat diminished likely due to ongoing erosion
processes. Gullies were identifiable as relatively straight V-shaped features cut into the valley walls,
approximately perpendicular to the length of the valley. The land surface change and geomorphic
features map is provided in Appendix D.

The OMNRF 2019/2020 bare-earth elevation raster was also used to generate a slope raster with a slope
classification scheme that highlights slopes with gradients of >3:1, >2:1, and >1:1. For reference, the
minimum stable slope gradient recommended by OMNRF is 3:1 (horizontal:vertical) ratio (OMNRF,
2002). The resulting slope classification raster was overlayed on the 2019/2020 hillshade raster to show
the spatial distribution of the relatively higher slope areas adjacent to the creek and within its valley.
Areas shaded ‘red’ are those with slopes greater than 45 degrees (i.e., >1:1 slope). This analysis was
undertaken to map the spatial distribution of the steepest slopes and to aid in identifying geomorphic
features. The resulting slope raster and hillshade map is provided in Appendix D.

The 2012 and 2019/2020 DEMs were used to generate longitudinal profiles of the South Tributary
channel. The longitudinal profiles were generated by sampling elevation values from both the 2012
(corrected) and 2019/2020 DEMs at intervals of 1 m along the channel flow path. The sampled elevations
in meters for the respective years were then plotted with horizontal distance downstream. Reach breaks
and other features along the South Tributary, including the historical crossings, beaver dams, underlying
surficial geology, and the longitudinal extent of the recent slope failure, were overlayed on the plot to
provide geomorphic context. The plot is presented below in Figure 1.
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2.5.2 Slope and Land Surface Change Results

The active channel, floodplain, and valley walls are all clearly visible on the hillshade model generated
from the 2019/2020 bare-earth DEM (OMNRF; 2020). Slumps, gullies, and areas of backwatering are
discernable on the hillshade model as well as the land surface change and slope gradient distribution
rasters. Historic landslides within tributary valleys, as mapped in Brooks (2019), are also identifiable on
the hillshade model. The results of the analysis are discussed below, reach by reach. For reference,
figures showing mapped geomorphic features and slope gradients are provided in Appendix D.

Reaches R1 and R1A

Along reach R1, the hillshade model reveals that the watercourse is unconfined and the channel
straightened. The banks in this reach have relatively steep, localized slope gradients up to approximately
50% on the slope gradient map. Here, channel banks range from 0.5 to 1.0 m in height. Minor evidence
of lateral scour along the banks was observed during the field assessment (details provided in Section
3.2—General Reach Observations).

The channel planform in reach R1A is relatively straight with some isolated bends. A well defined valley
emerges with distance downstream while the channel gradient increases, as shown on the longitudinal
channel profile provided below (see Figure 1). As noted in the Historical Assessment provided above,
the hillshade model shows evidence of historic beaver activity within this reach. Desktop terrain analysis
indicates there are no locations within R1A where the watercourse is in contact with the valley slopes,
a finding that is consistent with the results of the field assessment (see discussion below). The valley
slope gradient appears to increase with distance downstream as valley walls increase in height, with
maximum local slope gradients around 50%. Floodplain widths within the emerging valley range from
approximately 4-18 m.

Reach R2

Downstream of this in R2, the watercourse becomes confined within a valley characterized by alternating
scalloped valley wall headlands that encroach into a relatively narrow floodplain. The watercourse
meanders somewhat irregularly within its confined valley setting, making frequent contact with the toe
of the valley slope. The hillshade model reveals an evident connection between the valley form and
channel form within this reach, as the scalloped valley form largely follows the pattern and wavelength
of the meanders. Slump scarps and gullies are a frequent feature along the scalloped valley walls. The
floodplain within this reach is discontinuous due to the narrow valley and encroaching headlands.
Instead, there are isolated pocket floodplains (up to 15 m wide) and terraced features, which are
observable in the hillshade model and were noted during the field assessment.

There is a sharp increase in the magnitude of valley wall slope gradients entering Reach R2 and a higher
density of gradient values greater than 33%. Terrain analysis revealed valley wall slope gradients of up
to 140%. Terrain slopes tend to be greater within gullies, along the face of slumping valley wall
headscarps, and where the outside of meander bends are in contact with the valley wall. There are
several gullies and slumps along the valley walls along this reach where elevation decreases between 1
to 3 m were detected in localized and isolated locations (i.e., land surface areas with magnitudes in the
order of 10! m2). Most of the gullies and slumps present along R2 were not associated with recent land
surface changes detected through land surface change analysis (i.e., DoD raster). Localized elevation
decreases of the magnitude of 1 to 3 m were detected along Reach R2 (DoD raster; 2012 vs 2019/2020
elevation datasets) at the outside of several meander bends. The watercourse is in contact with the
valley slopes on the outside of many of these meander bends, some of which have slope gradients of
up to 125%.
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The form of the branching drainage feature extending into the fields north of the valley that was noted
in the Historical Assessment is revealed more clearly on the hillshade model. The lack of recent elevation
changes along this feature indicates it formed and stabilized prior to 2012 (i.e., the year of the first DEM
used in this terrain assessment).

Reach R2A

The watercourse continues to flow within the confined valley in reach R2A, although scalloping along
the valley walls is no longer evident. A sculpted embankment along the north valley slope supports
access paths to two watercourse crossings that may have historically impacted the valley planform. The
valley wall, both upstream and downstream of the embankment, ties in with the valley wall above the
embankment, suggesting the embankment was built out from the valley slope and interrupted the
generally southwestward trajectory of the valley planform. The curve of the southeastward bend along
the south valley wall also appears to match that of the embankment. The watercourse planform through
this reach meanders irregularly through a wider floodplain (7 to 19 m) upstream of the first channel
crossing. The planform between the first and second crossings is straighter through a narrower
floodplain (width: 4 to 6 m). Channel planform was also likely historically impacted by the channel
crossings and the aforementioned embankments. Distinct from Reach R2, here, multiple channel flow
paths are visible in the hillshade model within the much wider floodplain area upstream of the first
channel crossing. These channel features were also observed during the field assessment (see Section
3.2 below).

There is a lower density of valley slope gradients steeper than 33% along the north valley slope
compared to adjacent reaches, where local gradients up to 75% are observed. Limited elevation changes
were detected in R2A upstream of the first crossing, however, there is one location along the north
slope where the watercourse is in contact with the toe of a slump where elevation decrease was detected.
Slope gradients along the sculpted crossing embankment and the south valley slope opposite it are
identical in steepness and density to those upstream. Some localized elevation decreases between 2012
and 2019/2020 were detected along the base of the valley wall along this section. These elevation
decreases comprised relatively small patches with surface areas on the order of 10! m2. Valley wall slope
gradients within this section increase relative to the upstream portion of this reach, with gradients up
to 107% observed.

Reach R3

The watercourse continues to flow within a confined valley and the generally southwestward trajectory
of the north valley wall continues in reach R3, while the south valley wall through this reach becomes
more complex in its form. The south valley wall trajectory is interrupted by tributaries, relatively deep
gullies, and the debris of a large landslide (Brooks, 2019). Slump scars are also present along both
valley walls, and there are recent slope failures along both the north and south valley walls adjacent to
the property at 1320 Grand-Chéne Court across from the landslide debris where the watercourse is
in contact with the valley slope toes. The channel planform meanders irregularly through a floodplain
with variable width (2 to 26 m) along the reach. The variable floodplain widths are attributed to the
channel flowing through unconsolidated sediment deposits on the upstream side of two beaver dams
located within this reach, features that are visible in the hillshade model and were observed during the
field assessment.

Valley wall slope gradients within the section upstream of the first beaver dam tend to be greater within
gullies, along the face of slump headscarps, and where the outside of meander bends are in contact
with the valley slope toe. Outside the slope failure at 1320 Grande-Chene, analysis of the LiDAR datasets
indicates that the slopes of the northern valley wall along Reach R3 have been relatively stable without
slumping or the development of gully features during the period between 2012-2020. On the southern
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valley wall, two relatively deep gullies had formed prior to 2012. Since 2012, areas with elevation
increases of up to approximately 1 and elevation decreases of up to approximately 3 m were detected
along the length of one of these two larger gully features. Along the channel two areas of relatively large
elevation increases show the effect of backwatering caused by the first beaver dam. Note, here
elevations shown on the DEM from 2019/2020 are that of an inferred water surface elevation rather
than the bare-earth elevations shown on the DEM for areas outside the wetted channel. This is a known
and important limitation of bare-earth elevation models derived from LiDAR data as the near-infrared
lasers used for aerial LIDAR surveys do not effectively penetrate water. This area was no longer
backwatered during field assessments conducted in July 2023, and both beaver dams appear to have
been breached sometime between 2019/2020 and 2021 based on surface model and aerial imagery
observations.

The recent slope failure at 1320 Grande-Chene is located immediately downstream of the location of
one of the two former beaver dams. At the location of the slope failure, changes in elevation were
detected in the DoD along both valley slopes, channel banks, and within the floodplain. Elevation
decreases up to 2 m were detected along the top of the north valley slope at the location of the recent
failure, cumulatively comprising a land surface area on the order of 102 m2, and with slope gradients of
up to 108% observed on the LiDAR-derived bare-earth DEM. At the toe of the slope below the recent
failure, an area with elevation decreases was detected along the outside of a meander bend where local
slope gradients up to 117% were measured. Elevation decreases at that location range from
approximately 1 to 3 m and comprise a land surface area with a magnitude in the order of 10! mZ.
Opposite from this along the south valley slope, a crescent-shaped area of elevation decrease was
detected where local slope gradients up to 102% were observed, indicating a recent slump. Elevation
decreases at this location are up to approximately 3 m and comprise a land surface area with a
magnitude on the order of 102 m2.

Downstream of 1320 Grande-Chene Court, valley wall slope gradient decreases along the north valley
wall, with gradients up to 57% observed, as does the density of slopes greater than 33%. There are
two slumps along the south valley slope within this section with gradients up to 70% measured on the
headscarp; recent and significant elevation changes were not detected at this location. Significant
elevation increases in the area upstream of the second beaver dam were detected on the DoD and are
likely representative of backwatering caused by the beaver dam. Evidence that this area had recently
drained was observed during field assessments conducted in July 2023. This was confirmed by observing
imagery dated to May 8, 2023, using Google Earth Pro, which showed that the area remained
backwatered as of that date, indicating the beaver pond drained sometime between May and July 2023.

Reach R4

The watercourse continues to flow in a confined valley setting in reach R4 while the general valley
trajectory turns southwards. The South Tributary valley walls at the upstream end of the reach tie into
the Cardinal Creek valley walls; several slumps and gullies are in this transition zone. The channel
planform meanders tortuously through a floodplain. Here floodplain widths range from 2 to 15 m, with
the channel making frequent contact with the toe of the valley slope along the outside of meander
bends. There is evidence of recent slumping in the lower end of the reach. Elevation decreases up to
approximately 2.5 m were detected in multiple slump headscarps along the valley wall adjacent to
meander bends. Local slope gradients up to 115% were observed in the headscarps. There are several
gullies along the south valley wall within this reach. Analysis of the DoD indicated there were no recent
and significant elevation changes at this location, although a higher density of slope gradients greater
than 33% were observed.
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Tributary Reaches T1 to T4

Land surface changes, geomorphic features, and slope gradients were mapped for the four contributing
channels draining the area south of the South Tributary, reaches T1, T2, T3, and T4. The results of the
digital terrain analyses for these reaches are not discussed at length in this report since they are located
outside of the subject lands. However, the historic landslide attributed to the sensitivity of glaciomarine
clays within T4 was mapped to show the location relative to the South Tributary (Brooks, 2019).
Observing the spatial distribution of geomorphic features, land surface changes, and slope gradients
mapped within reaches T1 to T4 compared to those mapped within the South Tributary shows that the
geomorphic processes operating in those tributaries are likely to be operating within the South Tributary.

Summary

Analysis of the hillshade model, land surface change raster (i.e., DoD), and slope gradient distribution
raster revealed ongoing geomorphic processes within the South Tributary. Slope gradients tend to be
greater within gullies, along the face of slump headscarps, and where the outside of meander bends are
in contact with the valley slope. Slumps were more concentrated within reaches R2 and R3, while the
highest concentration of gullies occurs in reach R2. Most of the mapped slumps and gullies formed prior
to 2012, and significant surface elevation changes that occurred between 2012 and 2019/2020 were
identified and mapped, the most notable being the decrease in elevation along the top of the north
valley slope adjacent to 1320 Grand-Chéne Court and along the south valley slope across from it.
Beaver activity was also highlighted by the land surface change analysis, particularly extensive
backwatering upstream of dams within reach R3 both upstream and downstream of the recent slope
failure.

2.5.3 Longitudinal Profile Comparison Results

The comparison of longitudinal profiles from 2012 (yellow) and 2019/2020 (blue) in Figure 1 below
reveals several changes in channel bed gradient and profile during the intervening period. The locations
of reach breaks, surficial geology, detailed assessment, tributary confluences, historical crossings and
beaver dams, and the extent of the recent slope failure are also overlayed on the long profiles. Along
the length of the subject lands, the elevation of the South tributary drops approximately 32 m over a
distance of approximately 2000 m (average channel gradient 1.6%). The long profile for the South
Tributary is punctuated by several prominent slope breaks with localized sub-reach scale channel
gradients of up to 4%. The longitudinal profiles are generally consistent between the 2012 and
2019/2020 elevation data, with the exception of the significant (2-3m) elevation increases observed at
the location of the beaver dams. Surficial geology along the watercourse is largely dominated by
glaciomarine clay, with a short section of limestone bedrock outcropping at the downstream end of
Reach R2A near the first historic channel crossing. The long profiles are described below reach by reach.

Reaches R1 and R1A

A peak in elevation visible within reach R1 near 60 m horizontal distance in the 2012 profile represents
a former crossing over the channel between agricultural fields that was no longer present in 2019/2020.
A short section of relatively level elevation in both profiles within reach R1A between approximately
200 to 300 m horizontal distance precedes the location of a historical beaver dam noted in the Historical
Assessment and field observations. Two step-like decreases in bed elevation, where short plateaus in
elevation precede a sudden drop, are visible in the 2012 profile just downstream of the historic beaver
dam at approximately 320 and 380 m but are not present in the 2019/2020 profile, indicating potential
erosion during the intervening period.

Reaches R2 and R2A
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Reach-scale channel gradient increases relative to R1. Along R2, there were no significant changes in
the channel profile between 2012 and 2019/2020. This section of the reach has three significant breaks
in slope at 450 m, 800 m, and 900 m distance downstream. The reach-scale gradient increases with
distance downstream along R2A, with the profile punctuated by two spikes in elevation associated with
channel crossing embankments. The channel gradient of the section between the two crossings is
relatively high at approximately 4%. The 2012 and 2019/2020 profiles show a relatively consistent
elevation with the exception of an approximately 100 m long section, between approximately 1180 to
1280 m downstream, which lowered by as much as 50-100 cm between 2012 and 2019/2020. This
section was backwatered as recently as 2002, as noted in the Historical Assessment.

Reach R3

Reach-scale gradient lowers relative to the section between the historical crossings in R2A. There are
significant changes in the channel profile between 2012 and 2019/2020 associated with the location of
beaver dams located at approximately 1580 m and 1840 m downstream. The 2019/2020 profile shows
the flat backwatered sections upstream of where the beaver dams are located. The recent slope failure
in the rear yard of 1320 Grand-Chéne Court, approximately 1595 to 1645 m downstream, occurs
along the right (north) bank of the watercourse immediately downstream of the first beaver dam. At
the time of the 2023 field assessments, this area was observed to have been dewatered due to rupturing
of the beaver dam.

The 2012 channel bed profile shows a step-like drop at approximately 1590 m, then a similar elevation
range and gradient to the sections both upstream and downstream. The 2019/2020 profile shows a
step-like decrease at around 1620 m, then greater variations in elevation than the 2012 profile. Note
that this variability in slope profile is located in the area of the recent slope failure, suggesting that this
channel bed variability is associated with colluvial material from the adjacent slopes eroding into the
watercourse.

Downstream of the recent slope failure extent, the 2012 profile continues within a similar elevation
range and gradient to the upstream sections of R3 up to the location of a historic beaver dam around
1760 m horizontal distance, where there is another step-like drop. This area dewatered in the spring of
2023, as confirmed by aerial imagery and field observations, and is covered by deep deposits (> 1 m)
of soft silty clay with a relatively low channel gradient.

Reach R4

Reach R4 begins downstream of a beaver dam. There is a slope break around 1900 m, after which the
gradient decreases in both the 2012 and 2019/2020 profiles. The 2012 profile shows a backwatered
section upstream of the confluence with Cardinal Creek.
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Comparison of 2012 and 2019/2020 Long Profiles

90

el X X ¥ ¥ x ¥ X
= =
85 R1 = a
T R1A % £
m - L ﬂ J
80 2 _‘”ﬂ‘hx- W % \‘:Ju %
b4 hae = s 2
@ "‘\\ = = o
= R2 \ 7 g
= % | 2 &
=" A x % " X z
(= \ . v
2 e o S
: - |1
>
2 " -
e R2A | 2
@ ¥ &
@ =
2
< N =
85 =
(W] b —--l 2
50 T ]
—2019/2020 2012 & L
-
N
55 Sl
Surficial Geology R4
Glaciomarine
so
0 500 1000 1500 2000

Horizontal Distance (m)
Figure 1: Comparison of 2012 and 2019/2020 South Tributary Long Profiles
Summary

Overall, the 2012 and 2019/2020 long profiles were similar, with differences notable in the vicinity of
historic beaver dams and watercourse crossings. Sections with relatively lower gradients tended to
precede historic beaver dams, likely due to deposition caused by backwatering and slower flows.
Sections downstream of beaver dams, specifically within reaches R1A and R3, and the section upstream
of the first historic crossing showed differences in the local profile pattern and elevation variance
between the 2012 and 2019/2020 profiles. Particularly notable is the extent of recent backwatering due
to beaver dams immediately upstream and downstream of the recent slope failure.

3 Field Assessment

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:

e Channel planform

e Channel gradient

e Physiography

e Land cover (land use or vegetation)
e Flow, due to tributary inputs

e Soil type and surficial geology

e Historical channel modifications
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Reach delineation follows a scientifically defensible methodology proposed by Montgomery and
Buffington (1997), the Toronto and Region Conservation Authority (2004) and others. Several
watercourse reaches were previously delineated by Parish Geomorphic (2013), some of which are used
in the present study and some of which were amended. While reach delineation can be completed based
on longitudinal profiles, the basic reach classification scheme from previous assessments was adopted
in order to maintain consistency with existing reports and studies for the subject property.

A total of six reaches were identified within the subject property: R1, R1A, R2, R2A, R3 and R4. Reach
Reaches R3 and R4 were adopted from Parish Geomorphic (2013) mapping, while reaches R1, R1A,
R2, and R2A were amended from Parish Geomorphic (2013) mapping. Reach R1 was divided into R1
and R1A, and the reach break at the downstream end of R1A was moved slightly farther downstream
to a location where the channel elevation distinctly begins to drop at the beginning of R2. Reach R2
was divided into R2 and R2A, with the reach break at the upstream end of R2A placed at a location
where the floodplain distinctly increases in width. Reach €10 from the Geomorphic Solutions (2007)
and Parish Geomorphic (2013) mapping was also identified as the reach along the main channel of
Cardinal Creek into which the South Tributary discharges. Additionally, four tributaries flowing from the
south tablelands into the South Tributary were identified and assessed: T1, T2, T3 and T4. Reach
mapping is provided in Appendix A for reference.

3.2 General Reach Observations

GEO Morphix Ltd. completed visits on July 12t 2023, and November 29t, 2023, to document existing
channel conditions. Appendix E provides a geo-referenced photographic inventory documenting
evidence of dynamic adjustment within the system. Photographs of general site conditions are provided
in Appendix F, and field observations are included in Appendix G for reference.

The site visits included the following activities and reach observations:

¢ Habitat sketch maps based on Newson and Newson (2000) outlining channel substrate, flow
patterns, geomorphological units (e.g., riffle, run, pool), and riparian vegetation for the extent
of each reach assessed

e Descriptions of riparian conditions

e Documentation of culvert crossing conditions

e Estimates of bankfull channel dimensions

e Bed and bank material composition and structure

e Observations of erosion, scour or deposition

e Collection of photographs to document the watercourses, riparian areas and/or valley,
surrounding land use, channel disturbances such as crossing structures, and areas of erosion
and/or evidence of dynamic adjustments

e Completion of rapid channel assessments following the Rapid Geomorphological Assessment
(RGA) (MOE, 2003; VANR, 2007) and Rapid Stream Assessment Technique (RSAT) (Galli, 1996)
methodologies

General channel characteristics for all assessed reaches are summarized below in Table 1.
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Table 1: General reach observation summar

Avg.
Bankfull
Depth

Dominant
Riparian
Condition

Riffle Pool
Substrate Substrate

Reach Avg. Bankfull

Width (m)

Name

R1

(m)

3.25 0.60

Clay/Silt

Grasses,
Herbaceous

e No riffle pool formation, all
runs

o Historically straightened
agricultural ditch

e Dense instream vegetation

e Minor basal scouring; rilling
from adjacent fields

R1A

2.50 0.55

Clay/Silt

Grasses,
Herbaceous

e Flows through historic beaver
meadow

e Heavily encroached and
interstitial flow

e Poorly defined bankfull; low
and flat floodplain

R2

6.66 0.75

Clay/Silt-
Boulders

Clay/Silt-
Cobble

Trees,
Herbaceous

« Develops meandering
planform

e Mass movement, exposed
roots, down trees,
undercutting observed

o Channel substrate composed
of clay-till, exposed along
the bed

« Valley wall contact observed

R2A

2.50 0.40

Clay/silt

Herbaceous,
Grasses

e Channel flows through
historic beaver meadow

o Multiple flow paths and
interstitial flow

e Channel bed compact clay

e Flat and low floodplain
between valley walls

R3

3.83 0.86

Clay/silt-

Cobble Clay/silt

Trees,
Herbaceous

¢ Valley narrows, bank in
contact with valley wall along
right bank

o Extreme tree fall throughout

e Large breached historic
beaver dam at the
downstream extent

R4

3.00 0.75

Clay/Silt-
Boulders

Clay/Silt-
Gravel

Trees,
Herbaceous

e Beaver dam located
upstream and downstream
end of reach

o Backwatering at the
downstream section

¢ Valley wall contact observed

T1

Poorly defined- though
ravine

Clay/Silt-Boulders

Trees,
Herbaceous

e Tributary through ravine

« High gradient

e Many forced knickpoint due
to debris and roots

e Scour and exposed roots
along both banks
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Avg.
Avg. Bankfull Bankfull Riffle Pool
Width (m) Depth Substrate Substrate
(m)

Dominant

Riparian
Condition

e Tributary through ravine

« High gradient

e Recent slump observed on
slope

e Many forced knickpoints due
to debris and roots

e Basal scour and exposed
roots along both banks
observed

e Tributary through ravine
« Rotational slides and
Trees, undercutting present
Herbaceous |e Many forced knickpoints due
to debris and roots
e Frequent down trees

e Tributary through ravine

o Rotational slide, undercutting

Clay/Silt- | Clay/Silt- Trees, observed

Boulders Gravel Herbaceous |e Many downed trees

e Channel bed flat compact
clay

e Bedrock exposed throughout,
comprising bed in multiple
locations

e Two bedrock knickpoints

e Three beaver dams
backwatering upstream half
of reach

Trees,

T2 1.65 0.54 Clay/Silt-Boulders Herbaceous

Poorly defined-through

T3 ravine

Clay/Silt Clay/silt

T4 1.50 0.56

Sand- Clay- Trees,

€10 13.32 0.72 Boulders Cobbles | Herbaceous

3.2.1 South Tributary Reaches

Reach R1 begins along Cox County Road, flowing under the road and in a generally westward direction
towards Cardinal Creek. The channel flows through an actively cultivated agricultural field and exhibits
a straightened planform with a low gradient. The channel had no pool-riffle features, and vegetation
encroachment was heavy. The riparian buffer between the active field and the channel was narrow (2-
3 m) and was composed of grasses and herbaceous vegetation. At the time of the assessment, emergent
and submerged aquatic vegetation and floating algae were present throughout the reach. The channel
bed and banks were composed of loose silt, and some large cobbles were observed along the banks.
Minor basal scour was observed at few locations and rilling from the adjacent field into the channel
margins was observed along the downstream extent.

Reach R1A extends from R1 continuing to travel westward for approximately 130 m. The channel exits
the agricultural field and flows within a historic beaver meadow, which was heavily encroached by
vegetation and surrounded by a wide and flat floodplain composed of grasses. No riffle-pool features
were present. The channel was poorly defined in some locations, and interstitial flows through the beaver
meadow substrate were observed at several locations throughout the reach. The channel bed and banks
were composed of compact silt with a clay channel substrate. A historic beaver dam outflanked to the
right (north) by the existing channel and with undercutting (0.55 m) was observed within the
downstream extent of the reach. Evidence of erosion was limited along the reach except near the
transition to R2, where the channel elevation began to drop and basal scour and bank undercutting was
observed.
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Reach R2 extends from R1A and enters a confined valley setting where the creek continues flowing
westward for approximately 500 m. The channel exhibits a meandering planform along the valley floor
which ranged from 10-20 m wide with slopes up to 10 m tall. The riparian zone consisted of trees and
herbaceous vegetation. The bed material was composed of clay till, which was exposed along the length
of the channel, as well as pebble-sized clay conglomerates, soft silt, and cobble and boulder-sized glacial
till. Riffle-pool sequences were common throughout the reach, with substrates composed of clay up to
boulders in some riffle locations. Exposed till up to 0.5 m in height, and small-scale mass movement
was observed where the channel was in contact with the valley wall. Undercutting up to 0.60 m was
observed, and bank angles were between 60° and 90°. Exposed tree roots and leaning trees of all ages
and large woody debris in the channel was commonly observed. Approximately 60% to 100% of the
reach exhibited signs of erosion.

Reach R2A extends from R2 as the channel enters a lower gradient section with a wider floodplain. A
sculpted embankment upstream of the first of two historic channel crossings protrudes from the north
valley wall towards the southeast into the South Tributary valley. Land cover on the embankment was
comprised of forest and meadow encroaching along the abandoned access road. The valley and
watercourse trajectory mirror that of the protruding embankment with a wide southeastward bend.
Access roads to the historic crossings travel down the valley slopes and cross over the channel with
corrugated steel pipe culverts conducting flow below them. Reach R2A continues for approximately 300
m and ends at the second historic crossing located at the downstream extent of the Reach. The culverts
at both crossings were in a degraded condition at the time of the assessment and both were perched
above the channel (2 to 5 m height) on the downstream side. A large proportion of the flow was
conducted interstitially through both crossings as the channel outflanked the culverts on their upstream
side. A cascade constructed from placed cobble comprised the watercourse immediately downstream of
the first crossing, and there was a scour pool eroding into the clay till downstream of the second crossing.

The land cover within the relatively wide floodplain is comprised of dense grasses and some large woody
debris. There are multiple distinct channels through this section of the reach which are heavily
encroached by grassy vegetation. Some streamflow is via channels located along the base of the valley
walls and interstitially through the meadow. No riffle-pool features were present, and the channel bed
was composed of compact clay-till. Undercutting up to 0.15 m was observed along the banks in several
locations. The channel banks ranged between 30° to 90°, and bank erosion was observed along 5% to
30% of the reach. The 50 m long section of the reach between the first and second channel crossings
has a significantly steeper channel gradient and narrower floodplain relative to the upstream section of
the reach with a narrow floodplain.

Reach R3 begins at the downstream end of the second of the two historic channel crossings, where a
relatively large scour pool formed on the downstream side of the culvert. From here the channel
continues flowing westward towards the main branch of Cardinal Creek. This reach exhibited similar
characteristics to those observed along reach R2. The channel regained a meandering planform which
was in contact with the bounding valley slopes throughout much of the reach. Riffle-pool features were
observed, however, not as frequently as in reach R2. Channel banks slopes ranged from 60° to 90° and
bank erosion was observed along 60% to 100% of the reach. A tall (3-4 m) breached beaver dam was
observed approximately 150 m downstream from the beginning of the reach. Flow passed through the
abandoned dam and there was a drop in channel elevation on the downstream side, as the channel
upstream of the dam flowed through a thick layer of sediment deposited behind the dam. Downstream
of this point the valley becomes increasingly narrow and the channel is in contact with the valley slopes
in multiple locations. A recent slope failure was identified along the right bank in this section adjacent
to 1320 Grand-Chéne Court. Another tall (2-3 m) beaver dam that had recently breached was
observed at the downstream extent of reach R3. The dewatering of the beaver pond was evidenced by
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relatively deep (> 1 m) loose silty clay deposits with limited vegetation growth as well as tree trunks
within the floodplain were covered with dried clay residue at heights up to 1.5 m. Here an approximately
1.40 wide and 0.08 m deep channel has formed in the newly exposed beaver pond sediments, which
were unconsolidated to depths greater than 1 m.

In the vicinity of the recent slope failure, extreme tree fall was noted along both valley slopes and the
channel was clogged with debris. The channel bed was composed of exposed clay-till and some gravel.
Undercutting up to 0.15 m was observed along the right bank. Slumping was observed along both the
left and right valley slopes. The right (north) valley slope had a step-like slope profile where slope breaks
separated sections with relatively lower and higher gradients. Leaning trees and exposed roots were
observed along the right slope. An intact root wad that originated from the slump along the left (south)
valley slope was perched across the channel supported by older woody debris.

R4 begins on the downstream side of the recently dewatered beaver dam and continues to flow
westward for approximately 200 m until the confluence with Cardinal Creek. The reach break used for
the field assessment was at the confluence between the South Tributary and T4, as in Parish (2013),
and was moved downstream of this to the location of the beaver dam following the field assessment
due to the disparity between characteristics of the recently dewatered area and the rest of R4.
Downstream of the recently breached beaver dam, the channel regains its meandering planform, with
several locations of valley wall contact observed. A second active beaver dam at the confluence with
Cardinal Creek was observed, resulting in the stream being backwatered for most of reach R4. Exposed
tree roots and leaning trees were observed along the banks and valley slopes. Due to high water levels,
neither the bed substrate nor channel bedforms (e.g., riffle-pool features) were observable. The channel
bank angles ranged from 60° to 90° and evidence of erosion was observed along 60% to 100% of the
reach.

3.2.2 Tributaries to the South Tributary

All four watercourses contributing to the South Tributary are located to the south of the subject
watercourse and drain agricultural lands. Tributary T1 outlets to reach R2 of the South Tributary and
has a relatively straight planform through an agricultural field that transitioned to a high gradient ravine
as it entered the forested valley setting along the South Tributary. The channel bed in the ravine was
composed of clay to large cobbles and boulders. Fallen trees and exposed tree roots were commonly
observed along the ravine slopes, and several forced knickpoints due to debris and roots were noted.
Undercuts up to 0.40 m were measured, and valley wall contact and scour were observed along both
banks throughout the reach. The riparian zone was composed of trees and herbaceous vegetation. The
channel banks were nearly vertical and measured up to 4 m in height with signs of erosion observed
along 60%-100% of the reach.

Reach T2 is located south of the South Tributary and flows in a generally westward direction through
an agricultural field, then turns northwest where it enters a forested valley of the South Tributary and
flows in a high gradient ravine to outlet into reach R3 approximately 300 m downstream of the T1
confluence. The tributary exhibits a wandering planform with no true meanders through the ravine. Like
T1, many fallen and leaning trees, cutbanks, and undercutting up to 0.90 m were observed. Many forced
knickpoints due to debris and roots were noted. A recent slump with characteristic regressive slump
blocks was observed along the southwest valley slope, located across from a historic failure resulting in
a large accumulation of debris and dense tree fall in the channel (Brooks, 2019). The channel bed was
composed of exposed clay tills with locations where large boulders and cobbles were present. The
channel bank angles ranged from 60° to 90°, and evidence of erosion was observed along 60% to 100%
of the channel.
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Reach T3 is similarly located south of the South Tributary and flows from the southwestern edge of the
adjacent field through a ravine to discharge into R3 approximately 200 meters downstream from T2.
Similar characteristics to those observed along T2 were noted, including fallen and leaning trees,
cutbanks, and undercutting up to 0.42 m. The channel bed was similarly composed of compact clay-till
with some large cobbles and boulders observed. A large knickpoint was observed halfway along the
reach. Occurring within the compact clay-till, it was approximately 1 m in height and had a large scour
pool on the downstream side. Several other forced knickpoints formed due to channel debris were also
observed. Channel bank angles ranged from 30° to 90° and evidence of erosion was observed along
60% to 100% of the reach.

Reach T4 is also located south of the South Tributary and flows westward from agricultural fields into a
forested area, where it transitions into a ravine. The tributary through the ravine generally flows
northwestern and discharges into R4 approximately 170 m downstream of the T3 confluence. The
channel exhibits a wandering planform and high gradient. The riparian zone consisted of trees and
herbaceous vegetation and the channel bed was composed of exposed clay-till with cobbles and boulders
observed in some locations. Evidence of bed scour, specifically large angular conglomerates displaced
from the compact clay-till bed, was observed along most of the reach. Evidence of rotational slumping
was observed along with leaning trees, undercutting up to 1.50 m, and cutbanks. Forced knickpoints
within the channel and scour along both banks were also observed. The channel bank angles were 60°-
90°, and erosion was observed along 60% to 100% of the reach.

3.2.3 Main Channel

Reach C10 begins where the South Tributary meets the main channel of Cardinal Creek and flows
generally north for approximately 475 meters to the Old Montreal Road crossing. The channel exhibits
an irregular meandering planform and a moderate gradient. The riparian zone was comprised of forested
valley slopes and a narrow floodplain with grassy and herbaceous vegetative cover. The channel bed
composition varied throughout the reach, with the downstream extent comprised largely of sand to
boulder-sized substrate with areas of exposed bedrock and the upstream extent comprised largely of
loose clay and glaciomarine clay till with some cobbles. Banks were comprised of the same variable
materials, with some bedrock banks and some alluvial soil banks. Basal scour was observed along both
banks throughout the reach, as were multiple bar forms and islands. Undercutting up to approximately
0.61 m was observed, primarily within the downstream half of the reach. Bank angles ranged from 10
to 80 degrees throughout the reach, averaging 45 degrees. Two bedrock steps were observed with
shallow pools downstream. Three active beaver dams were observed within the upstream half of the
reach, causing backwatering up to and beyond the confluence with the South Tributary.

3.3 Rapid Field Assessments

Channel stability and susceptibility to erosion were objectively assessed through the application of the
Ontario Ministry of the Environment (MOE; 2003) Rapid Geomorphic Assessment (RGA) technique. The
RGA evaluates degradation, aggradation, widening, and planimetric form adjustment at the reach scale.
The RGA technique aims to produce a score, or stability index, which qualitatively evaluates the degree
to which a stream has departed from its equilibrium condition. A stream with a score of less than 0.20
is classed as ‘in regime’, indicating minimal changes to channel form or processes. A score of 0.21 to
0.40 indicates that a stream is ‘in transition’ with the channel undergoing major changes to process and
form. A score of greater than 0.41 indicates that a stream is ‘in adjustment’, exhibiting a new stream
type, or a channel that is in the process of adjusting to a new equilibrium (MOE, 2003; VANR, 2007).

The RGA technique is useful for a qualitative reach-by-reach spatial comparison of relative channel
stability. Although RGA scores provided by different practitioners for reach assessments conducted at
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different times can be compared, different practitioners may interpret indicators differently, and
therefore, any temporal comparison is qualitative and other techniques for assessing channel stability
and morphological channels derived from sources such as aerial imagery and quantitative data are best
relied upon to assess temporal changes. RGA scores and reach descriptions from previous assessments
were considered, and are summarized in the following paragraphs, but were not relied upon to assess
whether relative channel stability had increased or decreased over the period between assessments.

The Rapid Stream Assessment Technique (RSAT) was also employed to provide a broader view of the
system and to consider the ecological functions 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.

Rapid assessments were completed during the site visits on July 12t, 2023, November 30t, 2023 and
October 10%™, 2024. Photographs of general channel conditions for all reaches are provided in Appendix
F, and field observations are included in Appendix G for reference. Table 2 below summarizes the
results of the rapid field assessments.

Reach R1 scored 0.143 on the RGA, indicating that the channel is ‘in regime’. The dominant systematic
adjustment was aggradation and planimetric adjustment due to the few observations of scour, rilling
and re-worked bars. This suggests an increase in channel stability and a reduction in active channel
widening since the 2013 rapid geomorphic assessment conducted by Parish Geomorphic in 2013. For
the current study, the reach received an RSAT score of 24 or Fair due to poor riparian habitat conditions
as there was a lack of riparian vegetation diversity.

Reach R1A also received an RGA score of 0.143, indicating that the channel is ‘in regime’. The dominant
systematic adjustment was aggradation due to the observation of siltation and over-bank deposition of
sediments. Consistent with R1, the updated RGA score suggests increased channel stability and reduced
erosion since 2013, when the reach was determined to be ‘in adjustment’ with evidence of active
widening (Parish, 2013). Note that R1A is a portion of what was defined as reach R1 in previous studies;
therefore, a direct comparison of RGA scores is not possible for this reach. An RSAT score of 27, or
Good, was assigned, with the limiting factor being physical instream habitat due to the lack of diverse
instream substrate and lack of riffle-pool features.

Reach R2 scored 0.600 on the RGA, indicating that the channel is ‘in adjustment’. The dominant
systematic adjustment was aggradation and widening due to observations of point bars, siltation, and
overbank deposition as well as leaning trees, large woody debris, and basal scour throughout the reach.
This updated RGA score represents a slight increase in comparison with the 2013 score, possibly
suggestive of active channel evolution and widening. The reach received an RSAT score of 22 or Fair.
The limiting feature was predominantly channel stability due to unstable bends, tree roots, and scour
along much of the reach.

Reach R2A scored 0.330 in the RGA, indicating that the channel is ‘in transition’. Observations of
multiple channels, island formation, and cutoff channels indicate that the dominant systematic
adjustment is planimetric. This could indicate a slight increase in channel stability since 2013, when R2
was determined to be ‘in adjustment’, with active widening. However, R2A is a new reach delineated
for the current assessment and was formerly encompassed by R2, so a direct comparison between
assessments is not possible for this reach. The reach received an RSAT score of 28 or Good. The limiting
factor was the physical instream habitat due to the absence of riffle-pool features.
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Table 2: Reach classification summary

RGA (MOE, 2001)

RSAT (Galli, 1996)

Dominant Limiting
Condition Systematic Condition
Adjustment FEEIIEE)
Evidence of
Aggradation I .
R1 0.143 In Regime | & Evidence of 24 Fair Rlparlan_ I_-Iabltat
- . Conditions
Planimetric
Adjustment
. Evidence of Physical Instream
R1A 0.143 In Regime Aggradation 27 Good Habitat
Evidence of
In Aggradation . .
R2 0.600 Adjustment | & Evidence of 22 Fair Channel Stability
Widening
Evidence of ;
R2A 0.330 n Planimetric 28 Good Physical Instream
Transition . Habitat
Adjustment
Evidence of
In Aggradation . .
R3 0.630 Adjustment | & Evidence of 23 Fair Channel Stability
Widening
. Channel Stability
R4 0.613 A d.u;?ment E:,’\;‘ij ience of 26 Good & Physical
] 9 Instream Habitat
In Evidence of . Physical Instream
U 0.336 Transition Widening 22 Fair Habitat
In Evidence of . -
T2 0.575 Adjustment | Degradation 23 Fair Channel Stability
In Evidence of . Physical Instream
= 0.614 Adjustment Widening 23 Fair Habitat
In Evidence of Physical Instream
e 0.557 Adjustment Widening 25 Good Habitat
In Evidence of Water Quality /
S 0.489 Adjustment Widening 26 Good Channel Stability

Reach R3 received an RGA score of 0.630, indicating that the channel is ‘in adjustment’. Evidence of
aggradation and channel widening were the dominant systematic adjustments. This was due to
observations of bars, siltation, overbank deposition, leaning trees, exposed roots, and basal scour
throughout the reach. Similar to R2, the RGA score for R3 has increased since 2013, suggesting
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increased channel sensitivity and continued active channel widening. An RSAT score of 23 or Fair was
assigned, with the limiting factor being channel stability due to the unstable banks and scour.

Reach R4 received an RGA score of 0.613, indicating that the channel is ‘in adjustment’. The dominant
systematic adjustment was widening due to observations of down trees, exposed roots, and basal scour
along most of the reach. Although R4 was adopted from the 2013 assessment, this portion of the subject
channel was included within R3 for the 2013 RGA. An RSAT score of 26 or Good was assigned. The
limiting factor was the physical instream habitat due to the lack of riffle-pool features and little variability
in substrate sizes.

Reach T1 received an RGA score of 0.336, indicating that the channel is ‘in transition’. Channel widening
was defined as the dominant systematic adjustment due to observations of leaning trees, exposed roots,
and basal scour. The reach received an RSAT score of 22, or Fair, with physical instream habitat being
the limiting factor due to the lack of variability in instream features.

Reach T2 scored 0.575 on the RGA, indicating that the channel is ‘in adjustment’. The dominant
systematic adjustment was degradation due to observations of cut faces on bar forms, exposed tile
drains, and head cutting due to knickpoint migration. An RSAT score of 23 or Fair was received. The
limiting factor was channel stability due to observations of scour and exposed roots.

Reach T3 received an RGA score of 0.614, indicating that the channel is ‘in adjustment’. Due to
observations of leaning trees, exposed roots, and basal scour, the dominant systematic adjustment was
widening. The reach was assigned an RSAT score of 23 or Fair. The limiting factor was the physical
instream habitat due to a lack of variability of channel bed substrate and features.

Reach T4 scored 0.557 on the RGA, indicating that the channel is ‘in adjustment’. The dominant
systematic adjustment was identified as widening due to observations of leaning trees, exposed roots,
and basal scour throughout the reach. The reach received an RSAT score of 25, or Good, with the limiting
factor being physical instream habitat due to the lack of channel bed substrate variability and no
diversity in riffle-pool features.

Reach C10 received an RGA score of 0.489, indicating that the channel is ‘in adjustment’. The dominant
systematic adjustment was widening due to observations of down trees, exposed roots, the occurrence
of large organic debris, and basal scour along most of the reach. The updated RGA score for C10 from
the current assessment is greater than that from the 2013 assessment, indicating potentially increased
sensitivity and continued adjustment within the system. An RSAT score of 26 or Good was assigned.
The limiting factors were water quality due to the opaque water, likely caused by fine clay particles in
suspension, as well as channel stability.

3.4 Detailed Geomorphological Assessment

Detailed geomorphological assessments were completed for reach R3 along the South Tributary and
reach C10 along Cardinal Creek during site visits on August 7%, 2024 and October 10t", 2024,
respectively. This assessment provided bankfull channel characteristics, including cross-sectional
geometry and hydraulics, for the purpose of defining the erosion threshold. Reach R3 was selected
based on field observations, as confirmed by both the RGA and RSAT, which showed this reach was the
most susceptible to erosion in the potential zone of impact downstream of the proposed SWMP, which
will discharge to reach R2 upstream. The South Tributary discharges to the upstream end of reach C10
along the main channel of Cardinal Creek. Representative cross sections were surveyed within
representative sections of both reaches. Composite sediment samples for bed and bank materials were
collected and analyzed at accredited laboratories. Longitudinal surveys of the channel bed were
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completed to determine channel slope and planform. Photographs of general channel conditions are
provided in Appendix F, and a comprehensive summary of the channel measurements is included in
Appendix H for reference. A tabular summary of channel measurements is also presented in Table 3,
within Section 4.1.

4 Erosion Threshold Assessment

Erosion thresholds are used to determine the magnitude of flow required to potentially entrain and
transport bed and/or bank material (Garcia, 2008; Villard and Parish, 2003). As such, they are used to
inform erosion mitigation strategies in channels influenced by conceptual flow and stormwater
management plans. The erosion threshold is the theoretical point, typically expressed as a critical
discharge or shear stress, at which entrainment of sediment would occur based on the morphology of
the channel and characteristics of the bed and bank materials. Bed and bank materials typically exhibit
distinct composition and structure, and therefore erosion thresholds are determined for both bed and
bank materials. The lower of the bed and bank erosion thresholds is adopted, as it provides a more
conservative and limiting estimate of erosion potential.

Erosion thresholds are generally determined using a range of methods that are dependent on channel
and sediment characteristics. For example, thresholds for non-cohesive sediments are commonly
estimated using a shear stress approach, similar to that of Miller et al. (1977), which is based on a
modified Shield’s curve. A velocity approach could also be applied. For cohesive materials, a method
such as that described by Komar (1987) or empirically derived values such as those compiled by
Fischenich (2001), Chow (1959) or Julien (1994) could be applied. An erosion threshold, in the form of
a critical discharge, is estimated based on the bed and bank material sizes (Dcit) and channel geometry
in the assessed reach. Theoretically, above this discharge, the flow produces sufficient force to entrain
and transport the bed and/or bank sediments.

The approach described above results in the definition of an inherently conservative, or lower-bound,
estimate of the erosion threshold for any given stream channel. There are several factors that contribute
to the conservative nature of the approach. Firstly, The erosion threshold is defined for what is
determined to be, through a detailed geomorphic assessment of the stream channel, the most erosion-
sensitive reach within the subject channel. Secondly, for the most erosion-sensitive reach a distinct
erosion threshold is defined for both the bed and the bank materials and the lower of the two values is
adopted as the erosion threshold. Thirdly, the approach does not account for channel forms and
structures that contribute flow resistance (e.g., vegetation, surface roughness, channel bedforms,
channel sinuosity) and which dissipate some of the force available for entrainment of the channel
sediments.

4.1 Previous Erosion Threshold Assessments

Previously completed erosion threshold assessments provide a range of critical discharges and critical
shear stresses for both Cardinal Creek and the South Tributary. As requested by the City of Ottawa, the
previous erosion thresholds are reviewed and summarized below.

4.1.1 2007 Erosion Threshold Assessment

Geomorphic Solutions conducted Field assessments along the main branch of Cardinal Creek in October
and November 2006. Channel and sediment characteristic results observed during these assessments
are summarized in Table 3 below. Erosion thresholds were modelled for reaches C4 and C10. The
bankfull geometry results in reach C4 include an average bankfull width of 7.6 m, an average bankfull
depth of 0.65 m, and a bankfull gradient of 0.09%. Sediments observed within this reach included
alluvial silts overlaying a clay till substrate. A Manning’s n value of 0.033 was applied. A critical velocity
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of 0.49 m/s was based on the permissible shear for the compact clay till, which provided a critical
discharge of 1.01 m3/s.

Observations for reach €10 include an average bankfull width of 7.47 m, an average bankfull depth of
0.69 m, and a bankfull gradient of 0.27%. Sediment distributions produced from Wolman (1954) pebble
counts produced a median grain size (Dsg) of 3.0 mm and a Dgs4 of 70.0 mm. A Manning’s n value of
0.035 was applied. A critical velocity of 0.30 m/s was based on the permissible shear for the median
grain size, which provided a critical discharge of 0.05 m3/s. There was no access to the South Tributary
during this time. The Geomorphic Assessment did not delineate erosion hazards or estimate an erosion
threshold for that watercourse.

The methods applied to estimate the critical discharge are those of Chow (1959), Fischenich (2001),
and Komar (1987). The equations used to complete calculations were not provided in the Cardinal Creek
Geomorphic Assessment report (Geomorphic Solutions, 2007). It is noted that the threshold for reach
C4 was estimated using methods for cohesive clay substrate due to the clay till substrate and the
threshold for reach €10 was estimated using methods for non-cohesive sediments.

4.1.2 January 2013 Erosion Threshold Assessment

Parish conducted Field assessments along the South Tributary of Cardinal Creek in December 2012.
(Parish Geomorphic Ltd., January 2013). Erosion thresholds were modelled for reach R2 using channel
and sediment characteristics that are summarized in Table 3 below. The bankfull geometry observed
in R2 include an average bankfull width of 3.57 m, an average bankfull depth of 0.37 m, and a bankfull
gradient of 1%. Sediment distributions produced from Wolman (1954) pebble counts were noted to be
bimodal since sediment sizes that were observed included clay as well as pebble to cobble sized
materials. The median particle size derived from these distributions was, therefore, theoretical (i.e., it
was not observed in the channel), and thus, the results were not used for the erosion threshold
assessment. Instead, the clay till substrate observed throughout the watercourse was used to determine
the erosion threshold. A Manning’s n value of 0.035 was applied in this assessment.

The method applied to estimate the critical discharge is that of Dunn (1959). The equation used to
complete the calculations was not provided in the Cardinal Creek Village Erosion Threshold Assessment
of South Tributary; the equation below is from the provided source and is assumed to be the method
that was applied (Parish Geomorphic Ltd., January 2013). Dunn (1959) and others developed relations
through which critical shear stress could be estimated using the proportion of fine sediments. It is
mathematically represented as:

7. = 0.1+ 0.11795C + 0.00285C? — 2.34E7°SC3 [Eqg. 1]

where 1. is the critical shear stress and SC is the proportion of silt and clay.

The proportion of substrate that was silt-clay-sized within R2 was estimated at 80%. The critical shear
stress resulting from this estimate is 20.3 N/m3. This critical shear stress was then used to calculate the
critical discharge, which was estimated to be 0.43 m3/s. The equation used to calculate this value was
not provided in the earlier 2013 report (Parish Geomorphic Ltd., January 2013). The later 2013 Erosion
Threshold Assessment of Cardinal Creek Main Branch report outlines that the shear stresses estimated
using sediment characteristics and methods outlined in Chow (1959) were used as an input in an
entrainment equation to calculate the critical shear stress (Fischenich, 2001; Parish Geomorphic Ltd.,
May 2013). Dunn (1959) also used critical shear stress in the excess shear stress equation to estimate
erosion rates, expressed as a critical discharge. The excess shear stress equation is mathematically
represented as:
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[Eq. 2]

where €T is the erosion rate in m3/s, kq is an erodibility coefficient in m3/Ns, 1, is hydraulic boundary
shear stress, 1. is critical shear stress, and m is an empirical exponent.

4.1.3 May 2013 Erosion Threshold Assessment

Parish conducted field assessments along the main branch of Cardinal Creek in April 2013. Erosion
thresholds were modelled for reach C11-B; observed channel and sediment characteristics are
summarized in Table 3 below. The bankfull geometry results for reach C11-B include an average
bankfull width of 7.20 m, an average bankfull depth of 0.75 m, and a bankfull gradient of 0.36%.
Sediment distributions produced from Wolman (1954) pebble counts produced a Dso of 29.5 mm and a
Ds4 of 73 mm. The particle sizes derived from these distributions were not used in the erosion threshold
assessment. Instead, the clay till substrate observed throughout the watercourse was used in
determining the erosion threshold. A Manning’s n value of 0.034 was applied in this assessment.

Two methods were applied to estimate critical discharges, which were then compared to determine the
limiting discharge. Based on the clay till substrate that was observed exposed along the bed throughout
the reach, both Chow (1959) and Dunn (1959), which account for the cohesive nature of that material,
were used to estimate critical shear stresses. For Chow (1959), a shear stress of 15.3 N/m? was
estimated based on a voids ratio of 0.4, which was lowered to 12.25 N/m?2 due to the sinuous channel
planform. This value was used as input in an entrainment equation from Fischenich (2001) to derive the
critical discharge estimate of 1.5 m3/s. For Dunn (1959), a shear stress of 21.1 N/m? was estimated
based on a silt-clay percentage of 85%. This value resulted in a critical discharge estimate of 3.9 m3/s.
Comparing these two estimates, the lower estimate of 1.5 m3/s was chosen as the limiting critical
discharge.

Table 3: Comparison of erosion threshold analysis results

Geomorphic Solutions

Parish Geomorphic Ltd.

Channel Parameter (2007) (2013)
ca | c10 C11-B R2
Bankfull Conditions
Average bankfull width (m) 7.6 7.47 7.2 3.57
Average bankfull depth (m) 0.65 0.69 0.75 0.37
Channel gradient (%) 0.09 0.27 0.36 1
Dso (mm) < 2.0 3 29.5 Not provided
Dg4 (Mmm) < 2.0 70 73 Not provided
Manning’s n roughness 0.033 0.035 0.034 0.035
coefficient ) ) ) )
Avgrage bankfull discharge 4.89 7.3 8.55 291
(m°/s)
Average bankfull velocity 0.57 1.4 1.33 1.34
(m/s) . . . .
Channel Bed Erosion Threshold
Critical Critical shear Critical shear
Method velocity for Critical shear stress for clay | stress for clay
clay till stress for Dsg till substrate till substrate
substrate (Chow, 1959) | (Dunn, 1959)
Bed material glal‘l;'lv;ﬁ: silt, Clay to cobble | Clay till Clay till
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Geomorphic Solutions Parish Geomorphic Ltd.
Channel Parameter 2007 2013
Critical depth (m) 0.4 0.13 0.72 0.17
Critical velocity (m/s) 0.49 0.3 0.8 0.82
Critical shear stress (N/m2) 4.7 2.19 12.25 20.3
Critical discharge (m3/s) 1.01 0.05 1.5 0.43
Critical Parameters Compared to Bankfull Conditions

— S
Critical depth as a % of 61.54 18.84 96.00 45.95
bankfull
Critical velocity as a % of 85.96 21.43 60.15 61.19
bankfull

iti i 0,
Critical discharge as a % of 20.65 0.68 17.54 19.46
bankfull

4.2 Methodology

Erosion thresholds were modelled from detailed field observations of reach R3 within the South
Tributary. This reach was selected for the assessment, as it was determined to be the most erosion-
sensitive reach within the potential zone of impact downstream of the proposed SWM outlet. It is
understood that the current concept plan proposes to include a SWM Pond, denoted as Pond 2 within
the concept plan, along the northern perimeter of the South Tributary valley corridor. The proposed
outlet would discharge into the downstream portion of R2. Erosion thresholds were also modelled from
detailed field observations of reach C10 within the main channel of Cardinal Creek, which is downstream
of the confluence with the South Tributary.

Threshold targets are determined using different methods that are dependent on channel and sediment
characteristics. For example, thresholds for non-cohesive sediments are commonly estimated using a
shear stress approach, similar to that of Miller et al. (1977), which is based on a modified Shield’s curve.
A velocity approach could also be applied. For cohesive materials, a method such as that described by
Komar (1987) or empirically derived values such as those compiled by Fischenich (2001), Chow (1959)
or Julien (1994) could be applied.

An erosion threshold is quantified based on the bed and bank materials and local channel geometry in
the form of a critical discharge. Theoretically, above this discharge, entrainment and transport of
sediment can occur. To determine this discharge, the velocity, U, or Shear Stress, tis calculated at
various depths for a representative cross-section until the average velocity or shear stress slightly
exceeds the critical threshold of the bed material. The velocity is determined using Manning’s approach,
where Manning’s n value is visually estimated through a method described by Acrement and Schneider
(1989) or calculated using the Limerino (1970) approach. A Manning’s n value of 0.05 was used for the
assessment. The velocity is mathematically represented as:

Uzidz/ssl/z [Eq. 3]

where d is the water depth, S is the channel slope, and n is Manning’s roughness.

The shear stress is determined using the depth-slope product, which can be applied to the bed of open
channels containing fluid undergoing steady flows. The shear stress is mathematically represented as:

t =dpgSped [Eq. 4]
|
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Where t is shear stress, d is the water depth, p is water density, g is the acceleration due to gravity,
and Seed is the channel bed slope.

Because only 75% of bed shear stress and velocities apply to channel banks in uniform cross sections
(Chow, 1959), the erosion threshold is scaled appropriately for these materials.

4.3 Results
Reach R3

The bed material within reach R3 was comprised of thick, loose clay that originated as deposits in a
backwater area upstream of a beaver dam that has since dewatered. The loose clay comprised the
largest proportion of bed sediment and was chosen as the critical parameter with which to model the
erosion threshold discharge. A channel gradient of 0.76% derived from the longitudinal profile plotted
using the Detailed Assessment data was used to model the erosion threshold. Based on the type of
material observed, a critical velocity approach was taken using the criteria of Julien (1994) for the
alluvial mud bed material, as this most closely matched the bed sediments observed within the reach.
This material is estimated to have a critical velocity of 0.61 m/s, which was used to determine a
threshold discharge, the point at which sediment entrainment begins to occur. In this instance, the
critical discharge for the bank materials was predicted to be 0.184 m3/s. A Manning’s roughness value
of 0.040 was adopted for the critical discharge calculations based on the framework described by
Acrement and Schneider (1989). The banks within reach R3 comprised the same thick, loose clay
deposits. The same critical velocity approach applied to the bed material was applied to the bank
material. The resulting critical discharge estimate is 0.504 m3/s.

The results of the erosion threshold assessment are provided in Table 4 below. The final, modelled
erosion threshold is the lesser of the bed and bank materials. For reach R3 the erosion threshold was
determined to be 0.184 m3/s for the alluvial mud bed materials. A pre-development drainage area of
211.28 ha, provided by JFSA (2024), was used to calculate the unitary erosion threshold of 0.00087
m3/s/ha.

Reach C10

The bed material within reach C10 was comprised of a wide range of materials from clay to boulder-
sized sediments. Sand to boulder-sized sediments overlying the local calciferous bedrock comprised a
large proportion of the bed in the downstream half of the reach, which also included areas where exposed
calciferous bedrock comprised the channel bed material. The upstream half of the reach included thick
loose clay deposits, generally located immediately upstream of the three active beaver dams within that
section, as well as areas of exposed glaciomarine clay till and sand to boulder-sized sediments. Sediment
samples were taken from the channel bed and banks at one cross-section in the upstream section and
one cross-section in the downstream section. Sediment size analysis results are provided in Appendix
H. The erosion threshold was modelled for the downstream half of the reach, as the upstream half of
the reach was considered less erosion sensitive due to the thick alluvial deposits, ongoing beaver
activity, and a lower channel gradient of 0.41%.

The coarse sediments comprised the largest proportion of bed sediments within the downstream half of
the reach and these materials were chosen as the critical parameter with which to model the erosion
threshold discharge for the bed. A channel gradient of 1.01% for the downstream half of the reach was
derived from the longitudinal profile plotted using the Detailed Assessment data. Based on the type of
material observed, a critical velocity approach was taken using the criteria of Komar (1987) for the D50
of the bed sediments, as determined through Wolman (1954) pebble counts. This material is estimated
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to have a critical velocity of 1.14 m/s, which was used to determine a threshold discharge, the point at
which sediment entrainment begins to occur. In this instance, the critical discharge for the bed materials
was predicted to be 2.664 m3/s. A Manning’s roughness value of 0.040 was adopted for the critical
discharge calculations based on the framework described by Acrement and Schneider (1989).

The banks within reach C10 were primarily clayey soils that included coarser materials up to sand and
gravel sized sediments. Based on the type of material observed, a critical velocity approach based on
the criteria of Julien (1994) was applied to the bank material, which was classified as fine sandy loamy
clay, as this most closely matched the soil observed. This material has an estimated range of critical
velocities from 0.45-0.91 m/s (Julien, 1994). Based on flow conditions observed during the field
assessment, a critical velocity of 0.76 m/s was selected from that range and used to determine a
threshold discharge, the point at which sediment entrainment begins to occur. There was no evidence
of sediment entrainment or transport during the field assessment, so velocities within the given range
that resulted in flows lower than those observed were considered lower than the likely critical threshold.
A critical velocity of 0.76 m/s was selected through an iterative process where the velocity input to the
model was incrementally increased until the observed flow conditions were exceeded in all cross-sections
represented in the model. In this instance, the critical discharge for the bed materials was predicted to
be 1.77 m3/s.

The results of the erosion threshold assessment are provided in Table 4 below. The final, modelled
erosion threshold is the lesser of the bed and bank materials. For reach C10 the erosion threshold was
determined to be 1.77 m3/s for the alluvial mud bed materials. A pre-development drainage area of
3,279.64 ha, provided by JFSA (2024), was used to calculate the unitary erosion threshold of 0.00055
m3/s/ha.

An erosion threshold of 0.184 m3/s was determined for reach R3. Given the geomorphic characteristics
of the site, a conservative approach was adopted for defining the erosion threshold, which is lower than
the threshold of 0.43 m3/s previously defined for reach R2 upstream through the 2013 Parish
Geomorphic assessment, but which is more consistent with the previously defined erosion thresholds
for reaches with fine-grained cohesive sediments elsewhere in the Cardinal Creek watershed. An erosion
threshold of 1.77 m3/s was determined for C10. This is greater than both previously defined erosion
thresholds along this section of the main channel of Cardinal Creek. The previous erosion threshold of
0.05 m3/s defined for reach €10 through the Geomorphic Solutions (2007) assessment was based on a
critical velocity approach for transient fine-grained bed materials. These materials were also observed
during the current field assessment but were not considered the dominant bed material nor the most
sensitive characteristic in the reach. The coarse materials and exposed bedrock make the channel bed
more resistant to erosion than the channel banks through this reach. The active mode of adjustment
observed in C10 during the current assessment, as well as the 2007 assessment, was widening,
indicating that the channel banks are adjusting. Thus, the soils comprised of fine materials along the
banks were considered more sensitive to erosion than the bed. The previous erosion threshold of 1.5
m?3/s was defined for reach C11-B through the Parish Geomorphic (2013) assessment based on a shear
stress approach for the compact sandy-clay bed materials. The active mode of adjustment observed
during the 2013 assessment was also widening, indicating that the channel banks in the reaches
downstream of Old Montreal Road were likely sensitive to adjustment at that time as well. The continued
sensitivity of the channel banks, based on the dominant mode of adjustment identified as widening
through all previous and current assessments and an erosion threshold based on channel bank materials,
is a conservative approach appropriate for the main channel.
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Table 4: Detailed assessment and erosion threshold analysis results
Results by Reach

Channel Parameter

R3
Bankfull Conditions
Average bankfull width (m) 3.62 13.4
Average bankfull depth (m) 0.37 0.68
Channel gradient (%) 0.76 1.01
Dso (mm) <2.0 45
Dg4 (Mmm) <2.0 120
Manning’s n roughness coefficient 0.040 0.040
Modelled bankfull discharge (m3/s) 1.75 16.85
Modelled bankfull velocity (m/s) 0.99 2.00
Modelled bankfull shear stress (N/m?2) 29.46 69.34
Pre-development drainage area (ha) 211.28" 3,280
Channel Bed Erosion Threshold
Bed material Alluvial mud D50
Reference Julien, 1994 Komar, 1987
Critical velocity at the bed (m/s) 0.61 1.14
Critical depth (m) 0.26 0.47
,(Aﬁ/[:)nige)znt shear stress acting on the bed 11.06 28.29
Critical discharge (m3/s) 0.184 2.66
Channel Banks Erosion Threshold
Bank material Alluvial mud Alluvial loamy clay
Reference Julien, 1994 Julien, 1994
Critical velocity at the banks (m/s) 0.61 0.76
Critical depth (m) 0.41 0.39
Critical shear stress acting on banks (N/m?2) 13.59 17.86
Critical discharge (m3/s) 0.504 1.77
Final Erosion Threshold
Limiting critical discharge (m3/s) 0.184 1.77
Unitary erosion threshold* (m3/s/ha) 0.00087 0.00055
* Provided by JFSA (2024)
5 Pre- to Post-Development Erosion Exceedance Analysis

In support of the proposed Stormwater Management (SWM) plan, an erosion exceedance analysis was
completed for the receiving watercourse (CVC, 2015; TRCA, 2012). Our understanding is that runoff
from the proposed development will be directed to a SWM Pond that will outlet to the downstream
portion of reach R2, which is located immediately upstream of reach R3. As detailed above, reach R3
was determined to be the most erosion-sensitive reach downstream of the proposed outlet. The South
Tributary then discharges to the main channel of Cardinal Creek at the upstream end of reach C10.

An erosion exceedance analysis was completed using the threshold determined for reach R3, which was
identified as the most erosion-sensitive reach within the receiving watercourse to assess potential
changes in downstream erosion processes.
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To support the definition of erosion control criteria for the proposed outlet, an erosion threshold
assessment was completed for reach R3 along the South Tributary and for reach C10 along the
mainstem of Cardinal Creek.

Using the results of the erosion threshold assessment and hydrological modelling provided by JFSA
(2024) for pre- and post-development conditions, analyses of erosion potential within the receiving
watercourse was completed with our in-house Erosion Exceedance Model based on four erosion
exceedance indices:

1) Cumulative time of exceedance

2) Number of exceedance events

3) Cumulative effective discharge and volume

4) Cumulative effective work index (i.e. cumulative effective stream power)

These indices have been applied elsewhere in numerous jurisdictions, such as Conservation Halton and
Toronto and Region Conservation Authority and have been widely accepted by Ontario Conservation
Authorities. They provide an evaluation of the number, duration, and magnitude of exceedance events.
We note that the most relevant indicator is the cumulative effective work index, as this value reflects
both the duration and magnitude of erosion exceedance events.

Time of exceedance, number of exceedances, and cumulative effective discharge and volume can be
calculated from the discharge record and established critical discharge. The cumulative time of
exceedance is simply the summed duration of time where discharge exceeds the established erosion
threshold, and the number of exceedances is the count of erosion exceedance events throughout the
discharge record. The cumulative effective discharge represents the average magnitude of discharge
exceeding the erosion threshold during a given erosion event, whereas the cumulative effective volume
represents the total discharge volume that exceeds the erosion threshold throughout the modelled
discharge record.

For more relevant indicators, namely the cumulative effective work index, hydraulic information is
required. Our model applies the discharge to a characteristic cross-section. Using Manning’s approach,
the discharge at each time step in the continuous hydrological model is converted into a velocity, depth
of flow, shear stress, and/or stream power. These parameters are calculated based on field
measurements of slope, cross-section, and channel roughness. This provides analysis that is appropriate
to the specific site conditions.

Flow data for nodes within reaches R3 and C10 were provided by JFSA (2024) in 10-minute increments
for a 36-year period from 1967 to 2003 (excluding 2001). The flow nodes are located at the downstream
end of the respective reaches in which they are located. A map showing the flow-node locations is
provided in Appendix I for reference. The hydrological modelling reflects local rainfall data from that
period. The hydrological modelling was analyzed to calculate the aforementioned erosion indices. The
pre- and post-development hydrographs, overlain with the respective erosion threshold and bankfull
discharge, are provided in Appendix I for reference.

The simulation used an erosion threshold value of 0.184 m3/s for reach R3 and 1.77 m?3/s for reach
C10. These erosion thresholds were determined through the Erosion Threshold Assessment detailed
above (Table 4).
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5.1 Methods

To calculate erosion indices, both velocity and shear stress were calculated at each time step. Through
an iterative process, water depth and velocity were calculated for each discharge passing through a
representative cross-section. The cross-section is divided into floodplain and bankfull sections. The
cross-section is further broken into panels. Velocity, U, is calculated for each panel using Manning’s
approach. This is a conservative approach as it allows dissipation of flood energy in the floodplain.

The total discharge, Qr, at each time step is based on the summation of the discharge of all panels, Q;,
such that:

Qr=20; [Eq. 5]
Qi is discharge through a panel (which is set at 10 percent of the cross-section). Q;is defined as:
Qi = Uyw;d; [Eq. 6]

where, w; and d; are the width and the depth for each panel. The discharge for each panel was then
summed to give a total discharge. This is more accurate than using average cross-sectional dimensions
of a simple trapezoidal channel, as the bed is usually irregular, and a panel approach more accurately
represents the true cross-sectional area.

For each event, the discharge is converted into a maximum depth and average velocity. The maximum
depth is used to calculate the maximum bed shear stress, 7, _ based on:

Tomax — dmaxPISbed [Eq. 7]

where dmax is the maximum water depth, p is water density, g is the acceleration due to gravity, and
Sped is the channel bed slope.

Cumulative total work, @it is defined as:
Dtot = Z Tomax . Uavg.At [Eq 8]

where, Uayg is average velocity (Qti/Ator, Where Agw: is wetted area), while cumulative effective work
index (werr) is defined by:

®eff = 1T — T U AL, <0 =0 [Eq. 9]
where, 7 is the critical shear stress.

Time of exceedance tex defined as:

tex = LAt for (Qr > Qhreshold) [Eq. 10]
where, Qthreshoid IS the discharge at the erosion threshold.

The cumulative effective discharge volume (CEV) is defined as:

CEV =X Q (for Q > Qthreshoia) [Eq. 11]

Similarly, the cumulative effective discharge (CED) is defined as:

CED = CEV/t,y [Eq. 12]
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5.2 Results

Modeling results indicate a post-development decrease in erosion potential for the receiving
watercourse. Specifically, results show a 4.58% reduction in post-development Cumulative Effective
Work Index (oeff; CEWI). CEWI is considered the most relevant index with respect to erosion potential,
as it reflects both the magnitude and duration of a given erosion event. The cumulative effective
discharge volume (CEV) represents the total volume of flow exceeding the erosion threshold. In this
instance, the cumulative pre-development CEV for R3 decreases by 8.20% from 568,078 m3 to 521,517
m3. The duration and number of exceedances are expected to increase by 4.65% and 5.49%,
respectively. Table 5 summarizes the results for the key erosion exceedance metrics from the modeling
conducted using the hydrological simulation data provided by JFSA (2024).

Table 5: Reach R3 erosion exceedance assessment results

. . # Of
3 2
Simulation CEV (m?3) @erf (N/m?) tex (hrs) Exceedances
(PRE) 568,078 5,349 624 237
Cumulative (POST) 521,517 5,104 653 250
(1967-2003)
Change -8.20% -4.58% 4.65% 5.49%

Hydrograph analysis indicates that under post-development conditions, peak flows are reduced, and
recession curves are extended for several days following peak flows. Overall, modeling results showed
a 5.8% increase in cumulative discharge for the receiving watercourse, with most of the modelled
increase in streamflow occurring at discharges below the erosion threshold. These results indicate that
the proposed stormwater management plan for the site effectively mitigates any increases in
downstream erosion potential for the South Tributary.

For reference, a year-by-year breakdown of pre- to post-development changes in erosion indices from
1967-2003 is provided in Appendix H, and pre- and post-development hydrographs are provided in
Appendix I.

For the mainstem of Cardinal Creek (Reach C10), modeling results indicate an insignificant increase in
post-development erosion potential. Specifically, results show a 0.4% increase in post-development CEV
and a 1.2% increase in CEWI. Similarly, both the duration and the number of exceedances were not
significantly different between pre- and post-development conditions with increases of 2.2% and 0.9%,
respectively. Table 6 summarizes the results for the key erosion exceedance metrics for the subject
reach.

Table 6: Reach C10 erosion exceedance assessment results

. . # of
3 2
Simulation CEV (m?3) ®eff (N/m?) tex (hrs) Exceedances
(PRE) 9,596,301 88,298 1,474 216
Cumulative (POST) 9,636,289 89,397 1,506 218
(1967-2003)
Change 0.42% 1.24% 2.16% 0.93%

Analysis of the pre-to post-development hydrographs for Reach C10 demonstrates near identical plots
for both existing and proposed conditions. These results indicate that the proposed development will
not have a detectable impact on erosion rates with the mainstem of Cardinal Creek.
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6 Erosion hazard assessment and recommendations

Numerous slumps and gully features were mapped through both field assessment and desktop terrain
analysis of the South Tributary, as described in the sections above. The results of the terrain analysis
showed that with few exceptions slumps and gully features along the receiving watercourse are relatively
stable. For example, along Reach R2 which borders the subject lands 9 of 11 mapped gully features
showed no significant elevation changes which would indicate a recent widening, deepening, or an
upslope progression of the gully. The remaining 2 of 11 gullies showed localized elevation decreases
consistent with erosion and gully expansion. While further gully expansion into the tableland may occur
under existing conditions, under proposed conditions surface runoff from most of the contributing areas
to existing gullies will be redirected to the main channel via the stormwater management pond. This
will result in significantly oversized gully features relative to their post-development contributing areas.
Gully growth predominantly depends on the size of the contributing area conveying runoff to the feature
(Burkard and Kostachuk, 1997; Morgan 2005). Furthermore, under existing conditions, the mapped
gullies along the South Tributary, particularly those along the north valley wall, are well-vegetated,
indicating a degree of relatively long-term stability. Therefore, any potential risk of future gully
expansion onto the subject lands is considered negligible and effectively managed by the proposed
stormwater management plan.

From a geomorphic perspective, gullies along the South Tributary were observed to contribute some
sediments to the channel. Therefore, infilling or flow alterations to the gullies adjacent to the subject
site could reduce sediment loading to the channel. However, results from field and desktop assessments
indicate that the gullies adjacent to the subject site are unlikely to contribute a significant volume of
sediment to the channel. Rather, assessment results indicate that the most significant sediment
contributions are from upstream channel banks, valley wall slopes, and from tributaries draining lands
to the south. Therefore, any reductions in long-term sediment contributions to the South Tributary due
to the development of the subject lands is not anticipated to pose any measurable or significant impact
on sediment supply to the South Tributary.

Valley-wall slope failures due to slumping have also been identified as a potential erosion hazard risk
along the South Tributary. Numerous slumps were mapped along the receiving water course, upstream
and downstream of the proposed SWM Pond outlet location. However, with the exception of the slope
failure at 1320 Grand-Chéne Court, none of the slumps appear to have occurred since 2012. The
cause of the aforementioned slope failure was attributed to a combination of top of slope fill placement
and ongoing erosion at the toe of the valley slope at this location (Paterson 2023). To address slope
stability issues along the receiving watercourse, the Paterson Group conducted a slope stability
assessment to determine a geotechnical hazard setback along the north bank of the subject tributary.
The assessment included a two-dimensional slope stability analysis of 23 slope cross-sections and was
undertaken in accordance with the City of Ottawa’s standard guidelines for slope stability assessments.
A limit of hazard lands and setbacks were defined for the South Tributary and included both a 6 m
erosion access allowance, a stable slope allowance (where required), and a 5 m toe erosion allowance.
The toe erosion allowance of 5 m was determined in consultation between the Paterson Group and GEO
Morphix and was based on an evaluation of the composition and configuration of the valley wall slopes
along the subject watercourse.

Specifically, to address the erosion hazard at 1320 Grand-Chéne Court, the primary recommended
design element is a robust yet fish-friendly erosion protection measure along the slope toe. A
bioengineered feature such as a vegetated rock revetment would provide the necessary mass (assuming
stones are appropriately sized) and “hardness” for toe stability and improve near-bank cover with woody
vegetation. Root wads and other similar structures installed at the embankment toe would also offer
similar benefits. Such features should be installed along the full length of slope toe whether or not it is
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currently in contact with flows. Moreover, the existing channel and flow alignments should be maintained
to limit the area of disturbance. Extensive toe protection would address risks to the embankment due
to future channel adjustments and changing contact points along the embankment toe.

Aggressive livestaking is proposed along the bank treatments to augment the long-term stability of the
banks and to reduce erosion potential, as vegetation establishes. Livestaking will enhance near-bank
aquatic habitat by providing shade, thereby helping to regulate water temperature. through shading.
This shaded area will also provide refuge for fish. As a result of the design, flow velocity will be reduced
during higher flows, and therefore, they can also provide refuge for fish during storms. Furthermore,
the shrubs are a source of small organic debris and terrestrial insects and, therefore, provide foraging
opportunities to fish and serve as an important food source for many aquatic organisms.

Additional design elements are recommended to address the erosion hazard along the valley slope above
the vegetated rock revetment and below the slip. The remediation design would mitigate erosion
potential along the slope by capturing and directing runoff to a stable outlet downslope while improving
slope stability by incorporating bioengineering and a high density of woody plantings. The design would
seek to limit any disturbance to the existing slope and avoid impacts to nearby trees to the maximum
extent possible. Machinery access would be limited to the top of the slope, and some manual labor would
be required along the lower portion of the slope.

Considering these constraints, installing a series of siltsocks (Filtrexx® SiltsocksTM, or equivalent) along
the portion of the slope below the failure location is recommended. The slope below the failure location
would be regraded by removal of the previously dumped fill originating from excavations during the
development of the properties along Grand-Chéne Court, where feasible, back to original condition to
create a level slope which ties into the existing adjacent valley walls. The silt socks will be sized to a
specific diameter and staked in place with shade-tolerant live woody plantings, which will be spaced
apart at a specified distance along each silt sock. The siltsocks will be filled with Growing MediaTM, or
equivalent, to promote vegetation establishment. The siltsocks are to be embedded beneath the surface
of the topsoil to help capture and distribute subsurface flow/runoff. Finally, the slope will be topped by
a layer of compost spray with a specified thickness with MicroBlend® (or equivalent) and a woodland
seed mix.

The proposed restoration activities will help alleviate pressure along the valley wall, control erosion
along the slope face, and lower siltation levels in the watercourse through increased stabilization. The
combination of slope and bank treatments will also benefit local fish communities.

7 Pre-Development Baseline Monitoring

Erosion monitoring is being undertaken to characterize existing conditions within the South Tributary to
establish a baseline for comparison to post-development conditions. Changes in channel geometry
captured by seasonally surveying monumented cross-sections are being used to determine the natural
variability of geomorphic adjustments within a system. This approach will also document any existing
erosion concerns and inform potential stabilization and restoration activities.

Monumented channel cross-sections have be installed and are being monitored annually during both fall
and spring (following freshet conditions). Cross-section installations and re-surveying nclude the

following tasks:

e Establish and survey monumented cross-sections to assess changes in channel and bankfull
geometry over time
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e Install and measure erosion pins at each cross-section (one in each bank) to assess
erosion/deposition rates over time

e Characterize bank materials and stability at each cross-section

e Complete grain size analysis using the modified Wolman (1954) pebble count or a bed material
sample at each monumented cross-section to assess changes in substrate composition over
time

e Collect monumented photographs at each cross-section location

It is recommended that erosion monitoring activities be conducted for two years prior to initiation of
development within the subject lands. Monitoring is schedule to occur twice a year, once during the
spring and once during the fall during each monitoring season. Monitoring sites are dispersed within the
reaches of the South Tributary, both upstream and downstream of the proposed development, to
capture the variability of existing conditions and geomorphic adjustments within the system to be used
as a reference for future monitoring efforts.

8 Summary and Conclusions

GEO Morphix Ltd. was retained by Tamarack Developments to complete a fluvial geomorphic and erosion
threshold assessment in support of the proposed development at Cardinal Creek South Village, Ontario.
This report summarizes the existing geomorphic conditions of the receiving system and provides
recommendations to address the recent slope failure at 1320 Grand-Chéne Court, an erosion
threshold for the most erosion-sensitive channel reach, and recommendations for pre-development
baseline monitoring.

The geomorphology of the South Tributary and the recent slope failure were assessed using a
combination of desktop and field assessments. Previous studies on the South Tributary were reviewed
to provide context for the current assessment. A desktop assessment, which included the analysis of
two sets of high-resolution bare-earth digital elevation models, revealed the location of valley wall
slumps and valley wall gullies within the study area. With the exception of the slope failure at 1320
Grand-Chene Court, our assessment indicates that most of these features have developed at a time
scale greater than that evaluated here through terrain analysis (i.e., approximately 10 years). The
frequency of valley wall contacts with evidence of erosion and lateral migration was found to be higher
in reach R2 and R3, relative to R2A, which had a wider and more continuous floodplain along the valley.
The density of valley wall slumps was also greater in reach R2 and R3, indicating the potential link
between channel and valley processes in valley wall slumps. Beaver activity within the South Tributary
has historically impacted the geomorphology of the system and continues to impact contemporary
geomorphology as well. The field assessment identified and confirmed features such as abandoned
beaver dams, degraded watercourse crossings, and slumping along the valley slopes.

Both desktop and field assessments identified and confirmed evidence of a recent slope failure adjacent
to 1320 Grand-Chéne Court and documented channel and slope geomorphology at that location.
Ongoing valley slope toe erosion throughout the South Tributary and at the location of the recent slope
failure, in particular, was noted. Recommendations were provided to mitigate the impact that toe erosion
may have on slope processes adjacent to the subject property.

The results of the detailed geomorphological assessment provided information relevant to the erosion
threshold analysis. An erosion threshold, expressed as a critical discharge was determined for both the
bed and bank materials within reach R3 along the South Tributary and reach C10 along the main channel
of Cardinal Creek. Reach R3 was selected based on field observations indicating the reach was the most
susceptible to erosion along the receiving watercourse downstream of the proposed SWM outlet; an
erosion threshold of 0.184 m3/s was determined for this reach. An erosion threshold was determined
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for both the bank and bed materials within reach €10, and the lesser of the two values was chosen as
the limiting discharge (i.e., 1.77 m3/s). This reach was assessed as it is the first reach on the main
channel downstream of the confluence with the South Tributary.

Analysis of the pre-to post-development hydrographs for reach R3 demonstrate decreases in all erosion
indicators, suggesting a reduction of erosion potential within the South Tributary under post-
development conditions. Analysis of the pre- and post-development hydrographs for reach C10
demonstrate negligible changes in all erosion indicators, suggesting limited changes in erosion potential
within the main channel under post-development conditions. The stormwater management plan is thus
not expected to exacerbate erosion within the South Tributary or the main channel of Cardinal Creek.

This assessment was developed and undertaken to provide guidance in the development of an
appropriate SWM and erosion mitigation strategy for the proposed development located on the tableland
to the north of the South Tributary and adjacent to reaches R1, R1A, and R2. Pre-development
monitoring within the South Tributary was also initiated. Future reports will further summarize the
results of ongoing baseline monitoring being conducted along the South Tributary.

We trust this report meets your current requirements. If you have any questions, please contact the
undersigned.

Respectfully submitted,

//

Paul Villard, Ph.D., P.Geo., CAN-CISEC Jan Franssen, Ph.D
Director, Principal Geomorphologist Senior Watershed Scientist
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Location: Cardinal Creek South Tributary
Year: 1976
Source: GEO Ottawa
vellow dot indicates tributary crossing at Cox Country Rd.
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Location: Cardinal Creek South Tributary
Year: 1991
Source: GEO Ottawa
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Location: Cardinal Creek South Tributary
Year: 2002
Source: GEO Ottawa
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Location: Cardinal Creek South Tributary
Year: 2005
Source: GEO Ottawa
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Location: Cardinal Creek South Tributary
Year: 2008
Source: GEO Ottawa

PN 23076 geomorphix.com 5



GEO | MORPHIX"

Location: Cardinal Creek South Tributary
Year: 2011
Source: GEO Ottawa
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Location: Cardinal Creek South Tributary
Year: 2014
Source: GEO Ottawa
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Location: Cardinal Creek South Tributary
Year: 2021
Source: GEO Ottawa
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Tributary of Cardinal Creek
Reach: R1

November 28, 2023 11:15 a.m.

Phototgraph taken facing downstream at the most upstream extent of R1. The straigtened
channel flows through an active agricultural field.
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Photograph taken facing downstream along R1. The riparian buffer between the fields and
the channel was narrow and composed of grasses and herbaceous vegetation. Vegetation
encroachment was major.
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Tributary of Cardinal Creek
Reach: R1

Photograph taken facing the channel bed at R1. The bed and banks were composed of
compact silt. Instream vegetation covered approximatly 60-80% of the reach.

Tributary of Cardinal Creek
Reach: R1

November 28,2023 11:25 a.m.

Photograph taken facing the left bank at the downstream extent of R1. Minor scour was
observed along both banks.
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Photo 5
Tributary of Cardinal Creek
Reach: R1A

Noyember 28,2023 11:32 a.m.

Photograph taken facing downstream along R1A. The channel was poorly defined and
flowed through a historic beaver meadow.
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Photograph taken facing downstream along R1A. Along the downstream extent, the channel
gains definition. The riparian vegetation was prefominantly grasses and trees along the
border of the floodplain.
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Tributary of Cardinal Creek
Reach: R1A

Photograph taken facing the channel bed along reach R1A. The channel was heavily
encroched throughtout the reach. Bed substrates were composed of compact silt.

Tributary of Cardinal Creek
Reach: R1A

Photograph taken at the downstream extent of R1A. An old historic beaver dam was
indentified on the left bank and was undercut (0.55m).
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: R2

Tributary of Cardinal Creek
Reach

Photograph taken facing downstream at the upstream extent of reach R2 (Fall 2023). Valley
wall contact was observed throughout the reach.
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Photograoh taken facing downstream along reach R2. An additional location where valley
wall contact was observed. Leaning trees and instream woody debris was commonly
observed.
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Photo 11
Tributary of Cardnal Creek
Reach: R2

Photograph taken facing upstream along reach R2. An additional location where valley wall
contact was observed. At several locations, exposed laminated clay-till at the base of the
banks were observed (up to 1.5 m)

Photo 12
Tributary of Cardinal Creek
Reach: R2

Photograph taken facing downstream along reach R2. Riparian vegetation was composed
of mature trees and shrubs, and herbaceous vegetation. An additional valley wall contact
located along the centre of the reach.
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Photo 13
Tributary of Cardinal Creek
Reach: R2

Photograph taken facing downstream along R2. Channel bed substrate ranged from fine
silt and clay-till (pebble shaped clay conglomerates were commonly observed) in the runs
and pools, and cobble to boulders in the riffles.

Photo 14
Tributary of Cardinal Creek
Reach: R2

Photograph taken facing the left bank along R2. Exposed tree roots and undercutting was
commonly observed. An additional location with valley wall contact. Note the exposed
clay-till at the base of the bank.
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Photo 15
Tributary of Cardinal Creek
Reach: R2

Photograph taken facing downstream along reach R2, at an additional location where valley
wall contact was observed.

: R2

Tributary of Cardinal Creek
Reach

Photograph taken facing downstream along reach R2, where valley wall contact was
observed.
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Photo 17
Tributary of Cardinal Creek
Reach: R2A

Photograph taken facing downstream along R2A. The channel travels through a historic
beaver meadow, which is heavily encroached with grasses.

: R2A

Tributary of Cardinal Creek
Reach

Photograph taken facing the left bank along R2A. Multiple flow paths (2-3) travelled within
the valley walls and through the historic beaver meadow.
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Photo 19
Tributary of Cardinal Creek
Reach: R2A

Photograph taken facing downstream along R2A. Formation of islands, cut off channels as
well as minor undercutting was observed along the reach.

Photo 20
Tributary of Cardinal Creek
Reach: R2A

Photograph taken facing upstream along R2A. a knickpoint (0.65m) was observed.
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Photo 21
Tributary of Cardinal Creek
Reach: R3

Photograph taken facing downstream at the upstream extent of R3 Riparain vegtation was
primarily composed of mature trees and herbacious vegetaion. Instream woody debris jams
were extreme and frequently observed.

Photo 22
Tributary of Cardinal Creek
Reach: R3

Photograph taken facing the channel bed along R3. Substrate was composed of exposed
clay-till and pebble sized clay conglomerates.

PN 23076 geomorphix.com 11



M ORPHIX"™

Photo 23
Tributary of Cardal Creek
Reach: R3

Photograph taken facing the left bank at the downstream extent of R3. A large (3-4 m)
beaver dam was observed, with flow travelling interstitially through the dam.

Photo 24
Tributary of Cardinal Creek
Reach: R3

Photograph taken at the downstream extent of R3 facing the top of a large slump. The
slump was located on the right bank and carried debris over the channel.

PN 23076 geomorphix.com 12



™M
nse
8%
Ov m
£0 0
N

Tributary of Cardinal Creek
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Photograph taken facing the right bank. Bank materials were composed of thick and loose
clay deposits. Undercutting of up to 15 cm was observed along the right bank.
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Photograph taken facig downstream. Fallen trees and woody debris were observed
throughout the reach, in particularly high densities near the slope failure.

PN 23076 geomorphix.com 13
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Photograph taken facing downstream along R4 (summer 2023). The upstream portion of
the reach exhibited signs of recent de-watering including dry cracked sediments and the
channel carving a path through exposed sediments.

Photograph taken facing downstream along R4 (fall 2023). A large beaver pond was still
observed directly upstream of the beaver dam.
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geomorphix.com

14



M ORPHIX"™

Photo 29
Tributary of Cardinal Creek
Reach: R4

Photograph taken facing the right bank along R4. The large (2-3m) beaver dam was still in
tacked and partially breached as flows were traveling through the dam.

Photo 30
Tributary of Cardinal Creek
Reach: R4

Photograph taken facing the left bank along the upstream extent of R4. Valley wall contact
was observed. Scour, undercutting and woody debris in the channel were commonly
observed. The downstream extent of the reach was backwatered due to a second dam at
the confluence with Cardinal Creek.

PN 23076 geomorphix.com 15
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Photo 31
Tributary of Cardinal Creek
Reach: T1

Photograph taken facing downstream from the upstream extent of T1. The channel had a
high gradient as it travelled through a ravine. Riparian vegetation was composed of trees.

Photo 32
Tributary of Cardin6l Creek
Reach: T1

Photograph taken facing the right bank along T1. Undercutting, exposed roots and woody
debris jams were commonly observed.

PN 23076

geomorphix.com
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Photo 33
Tributary of Cardinal Creek
Reach: T2

Photo 34
Tributary of Cardinal Creek
Reach: T2

Photograph taken facing downstream along T2. The channel travelled through a ravine.
Channel substrate ranged from exposed clay-till to boulders.

Photograph taken facing upstream along T2. Undercutting, exposed roots and rotational
slumps were commonly observed.

PN 23076

geomorphix.com
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Photo 35
Tributary of Cardinal Creek
Reach: T3

Photo 36
Tributary of Cardinal Creek
Reach: T3

M ORPHIX"™

| “N
N wieh

Photograph taken facing upstream along T3. The channel travels through a ravine feature
with frequent tree fall observed. Riparian vegetation was predominantly trees.

Photograph taken facing upstream along T3. Multiple forced knickpoints were observed
throughout the reach.

PN 23076
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Photo 37
Tributary of Cardl Creek
Reach: T4

Photograph taken facing downstream along T4. The channel exhibits a high gradient as it
travels towards the confluence with the Cardinal Creek tributary. The riparian vegetation
was predominantly tree. Exposed roots and undercutting was commonly observed.

Photo 38
Tributary of Cardinal Creek
Reach: T4

el

Photograph taken facing upstream along T4. Several forced knickpoints were observed as
well as knickpoints in exposed clay-till.

PN 23076 geomorphix.com 19
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: C10

Photo 39
Tributary of Cardinal Creek
Reach

Photograph taken facing downstream at cross-section 2, downstream of the fist beaver

dam near the confluence. Reach C10 is a relatively large and deep channel,

: C10

Photo 40
Tributary of Cardinal Creek
Reach

receiving flow from the South Tributary at its confluence with Reach R4.

G e

Photograph taken fcing ‘downstream at cross-section 3.Woody debris was observed in
moderate densities along both banks throughout the reach.

PN 23076
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: C10

Photo 41
Tributary of Cardinal Creek
Reach

|
J

Photograph taken facing upstream at cross-section 5; located upstream of one of three
beaver dams observed. Slope stabilization works comprise the right bank around

: C10

Photo 42
Tributary of Cardinal Creek
Reach

the meander bend fo erosion protection.

Photograph taken facing the left bank near cross-section 6. Bank materials consisted of
clayey and sandy soils containing gravel deposits, with exposed local calciferous
bedrock.

PN 23076
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Photo 43
Tributary of Cardinal Creek
Reach

Photograph taken fcmg pstrea arcrosssctlon 7. A bedrock knickpoint was
observed in the middle section of C10, corresponding with a local change in

: C10

Photo 44
Tributary of Cardinal Creek
Reach

channel bed gradient.

October 10, 2024 10:44'a.m.

{

Coarse bed sediments were observed throughout the downstream half o C10.

PN 23076

geomorphix.com

22



GEO { MORPHIX"

: C10

Photo 45
Tributary of Cardinal Creek
Reach

Photograph taken facing upstream. Riffle-pool seuences characterized the downstream
half of C10.

: C10

Photo 46
Tributary of Cardinal Creek
Reach

Photogap taken facing upstream at cross-section 10. Slope stabilization works are
evident along the left bank, which comprised the embankment of Old Montreal
Road.

PN 23076 geomorphix.com 23
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Reach Characteristics Project Number: 250 Mo R PH X
Date: 3 Field Staff: Watershed/Subwatershed: -
Time: Stream: i .| UTM (Upstream):
Weather: oo ., | Reach: UTM (Downstream):
Land Use 2 Valley Type Channel Type Channel Zone Flow Type ) .
4 Evid ter Location: Photo:
(Table 1) | © | (Table 2) V| (Table 3) (0 | (rable 4) | | (rablesy | | | [ vidence of Groundwater Location__. _ Photo
l Riparian Vegetation Aquatic & Instream Vegetation ] Water Quality
Dominant Type 5 i q Coverage  Channel Widths Age (yrs) Type | I 3 Woody Debris WD Density Odour Turbidity
(Table 6) 1 None \%1 -4 uilmmature (<5) (Table 8) O In Cutbank ‘%Low WDJ/50m: (Table 16) (Table 17)
Ercrouchmant O Fragmented 04-10 ﬁEstablished (5-30) O In Channel O Mod / , 2
(Table 7) ?; ﬁContinuous 0> 10 1 Mature (>30) Cover:ge:‘;/': %O %Not Present 0O High
Channel Characteristics : :
Sinuosity Type ‘ Sinuosity Degree , Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) (Table 10) 0o -30 0< 5% Bank [ O O O O O
Gradient l # of Channels | 330 - 60 05 - 30% Riffle [} 1 O | | O ]
(Table 11) (Table 12) 060 - 90 030 - 60% Pool O ] O O O il O
Entrenchment Bank Failure O Undercut 060 - 100% ~ Bed
(Table 13) | (Table 14) 5 Aromi 7§\ O o U = U m
Down’s Model Bankfull Indicators Bankfull Width i \O
(Table 15) | & (Table 18) ‘)5 ) |48 w0 /| Wetted width (m) || (o< 5. 7
Sed Sorting Sediment Transport - Bankfull Depth »[v‘».
(Table 20) W% Observed? L YeS ™ No O Not Visible () O'(,{Q 0% / Wetted Depth (m) | 11 o\ rd
T rt . . *
Mode (;Zg;pgl) \ % of Bed Active 6 Undercuts (m) / / / Velocity (m/s) Di’-}s D MH /
Geomorphic \ Mass Movement Pool Depth |ALL Bl RLL Velocity Estimate V177 wiTILE
Units (Table 22) 0 (Table 23) N/A (m) | Qs PG DAV Method Lo g “
.y Al A : 7 7, 7
Sp:(l:fl::: Z:‘)" N/A % Rifftes: | NJA | % Pools: | N/ | Riffle Length (m) |, Mensiier A“"’"‘Z‘:“;’ f‘ﬁ‘;;}? %v:%
Notes:
AL Ft:m U PES
- L i
VAT BLERN
= ﬁ‘{*\Hé 0__AG V)‘EL F*r
- T WEEN A6+
Photos:
Version #4 Senior staff sign-off (if required): Checked by: S Completed by: ( f‘\/\“

Last edited: 04/04/2023
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General Site Characteristics Project Number: 33@%@ i
Date: é - 38 Stream: ‘ CREDINRL CREEE I8
‘Thhe: - Reach: %25
Wepne S UNTCLOYD -49% | Location: ~ o#itmw
Field Staff: S ¥m 'Watershed/Subwatershed: CARVINRC cpto
Features . ‘Monitoring Site Sketch'-mxwif“ T T e Hf’r\ 2@ & frie—Compass
=] Reach break -0-0-0- Long-profile '\j};g \&, \ Lla
AR Station location L—1 Monumented XS ! 1
X=X Cross-section @ Monumented photo ” |
—> Flow direction l Monumented photo | e W
~AP Riffle direction L ( &
. ; # AShl
> Pool W Sediment sampling | / l E ¥ e gﬂ( vR
&  Sediment bar Erosion pins SU}M? 9 oD 1 "’w €co
W Eroded bank/slope 8 Scour chains x__ @5“: 3
~~~~~ Undercut bank Additional Symbols ol / . fs) /Q £ Ngf §N§ ;;33 %ﬂw
Bank stabilization MERS i;gg & & ‘ VEG
Leaning tree 4 A @'Y 5 ~ K EEL I
Fence WV % V s | ‘@«
L__I Culvert/outfall 0,2Sm ; =h
Swamp/wetland of Sittaton g\g e i
YVYVY Grasses Leo, % \ 5
€3 Tree (l &° W
= Instream log/tree ‘ 3’; VM
X X ¥ Woody debris 1) ;"‘ { 2 T’" ﬁi LL
P8 Beaver dam %} g‘ 3
QD  Vegetated island ® 3}5 ,
Flow Type = , %“%f 2 g v i
H1  Standing water H1A Back water “é L QLY AP
H2  Scarcely perceptible flow f W/
H3  Smooth surface flow i 8 \*E
H4  Upwelling %‘g & %f 1
H5  Rippled
H6  Unbroken standing wave g [
H7  Broken standing wave Px (zo %&y
H8 Chute ACLWNE W %?i; e AT NE :
HY  Free fall HO9A Dissipates below free fall ﬁ{‘}'@r‘i\* 5k ﬁ@ ,p’\,;mw,é
Substrate : ' » "g M
S1 st S§6 Small boulder {
$2 Sand S§7  Large boulder \&&f g 1 K& vens2
S3  Gravel S8 Bimodal : ' ]
S4  Small cobble S9  Bedrocktill / v W ; <
S5 Large cobble : \ \\l iﬁg i L
Other ; , PR e ] ﬁ >
BM Benchmark EP Erosion pin gf} ‘},ﬂzggﬁg ;‘ | V \YQ\\‘\ %?2%{& :
BS Backsight RB Rebar 'ﬁ% %&;%j& Y v ; L
DS Downstream us Upstream ,
WDJ  Woody debris jam TR Terrace , f I I ‘ ] -
VWC Valley wall contact FC Flood chute H
BOS  Bottom of slope FP Flood plain Photos
TOS  Top of slope KP Knick point Notes
Version #4 Senior staff sign-off (if required): Checked by: Completed by: AN

Last edited: 21/02/2023
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Rapid Geomorphic Assessment

Project Number: 2203,

GEO

M ORPHIX"™

Date: 29-11-1% Stream: SOUTH TRIE CARDINAL (REEK
Time: 1315 AM Reach: Rl
Weather: OVERCLAST =+ ¢ Location: CARDINAL CREEK VILLAGE
Field Staff: K KA Watershed/Subwatershed: CARDINAL CREE K
Geomorphological Indicator Present? Factor
Frasess No. |Description Yes No Value
1 |Lobate bar N
2 |Coarse materials in riffles embedded A
Evidence of 3 [Siltation in pools S~ 7
Aggradation 4 |Medial bars N /
(A) 5 |Accretion on point bars N +
6 |Poor longitudinal sorting of bed materials ~
7 |Deposition in the overbank zone o
Sum of indices =| 2 5 0,28k
1 |Exposed bridge footing(s) N/A
2 |Exposed sanitary / storm sewer / pipeline / etc.
3 |Elevated storm sewer outfall(s)
4 |Undermined gabion baskets / concrete aprons / etc.
Sggrzg:etigri 5 |Scour pools downstream of culverts / storm sewer outlets \V 'y
(01) 6 |Cut face on bar forms ™ 4~
7 [|Head cutting due to knickpoint migration RS "‘"g
8 |Terrace cut through older bar material >
9 |Suspended armour layer visible in bank ™.
10 |[Channel worn into undisturbed overburden / bedrock \
Sum of indices =| () S ]
1 [|Fallen / leaning trees / fence posts / etc. AY
2 |Occurrence of large organic debris Y
3 |Exposed tree roots N
4 |Basal scour on inside meander bends AN
E\\ll\;?deenr::ii;f 5 |Basal scour on both sides of channel through riffle N
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. ?x}[Ai 0
7 |Length of basal scour >50% through subject reach N / o
8 |Exposed length of previously buried pipe / cable / etc. N s
9 |Fracture lines along top of bank .
10 |Exposed building foundation N/ A
Sum of indices =| (O S 4)
1 |Formation of chute(s) ~
EvidaREe &F 2 |Single thread channel to multiple channel \
Planimetric 3 |Evolution of pool-riffle form to low bed relief form AN 7
Form 4 |Cut-off channel(s) N /‘.7.
AdJu(itI?ent 5 |Formation of island(s) \
6 |Thalweg alignment out of phase with meander form \
7 |Bar forms poorly formed / reworked / removed \\
Sum of indices =| Z 5 M 2%
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 ={ O ,A4A%
In Regime In Transition/Stress |In Adjustment
‘¥ 0.00 - 0.20 O 0.21 -0.40 0O 0.41
~
Version #3 Senior staff sign-off (if required): Checked by: M Completed by: KS
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Rapid Stream Assessment Technique

Project Number: 230%Hgp

GEO

M ORPHIX™

Date! 2%-1\-2% Stream: SOTH TRIE CARDBINAL UREEK
Time: Wials am Reach: =)
Weather: OVERCAST -3¢ Location: CARDINAL CREEK VILLAGE
Field Staff: S KM Watershed/Subwatershed: CARDINAL CREEK
Category Poor Fair Good Excellent
. < 50% of bank network |. 50-70% of bank network |« 71- So%nﬁnbaﬁkﬁetwgrk « > 80% of bank network
stable stable st stable
- Recent bank sloughing, « Recent signs of bank o1 frequent signs of bank « No evidence of bank
slumping or failure sloughing, slumping or oughing, slumping o/ sloughing, slumping or
frequently observed failure fairly common fai - failure
« Stream bend areas highly |+ Stream bend areas «"Stream bend areas stable % |+ Stream bend areas very
unstable unstable + Oliter-bank-height-076=079" stable
. Outer bank height 1.2 m |. Outer bank height 0.9- m above stream bank (1.2- |. Height < 0.6 m above
above stream bank 1.2 m above stream 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream bank for large mainstem areas) stream bank for large
bank for large mainstem (1.5-2.1 m above stream | .« Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large mainstem . Bank overhang < 0.6 m
« Bank overhang > 0.8-1.0 areas)
Channel m . Bank overhang 0.8-0.9m
Stability « Young exposed tree roots | Young exposed tree roots | « Exposed tree roots . Exposeéf tree roots old, ",
abundant common predominantly old and large and woody %
. > 6 recent large tree falls |« 4-5 recent large tree falls | large, smaller young roots |. Céenerally 0-1 recent largg’
per stream mile per stream mile scarce tree falls per stream _miké
« 2-3 recent large tree falls TS
per stream mile
« Bottom 1/3 of bank is . Bottom 1/3 of bank is |+ Bottom 1/3 of bank is - Bottom1/3 of bank g,
highly erodible material generally highly erodible generally highly resistant ~generally highly resistéf
« Plant/soil matrix severely material plant/soil matrix or material |3 plant/sorl matrix or ma erial
compromised « Plant/soil matrix e
compromised
« Channel cross-section is « Channel cross-section is |« Channe_l“cmss«sechorrm « Channel cross-section is
generally trapezoidally- generally trapezoidally- Qiﬁerally V- or U- shaped generally V- or U-shaped
shaped shaped s
Point range oo O1 0 2 O3 04 OG5 DGD7M8 09 0O 10 O 11
« > 75% embedded (> « 50-75% embedded (60- |. 25-49% embedded (35- » Riffle embeddedness <
85% embedded for large 85% embedded for large 59% embedded for large 25% sand-silt (< 35%
mainstem areas) mainstem areas) mainstem areas) embedded for large
mainstem areas)
. Few, if any, deep pools to moderate number - Moderate number of deep |« High number of deep pools
« Pool substrate |7 of deep pools pools (> 61 cm deep)
composition >81% sand- /| » Pool substrate le Pool substrate composition (> 122 cm deep for large
silt 4| composition /’ 30-59% sand-silt mainstem areas)
\60 -80% sand-silt ﬁ « Pool substrate composition
s <30% sand-silt
Channel . Streambed streak marks |. Streambed streak marks |. Streambed streak marks . Strea €a ks
Secutingl and/or “banana“-shaped and/or “banana”-shaped and/or “banana”-shaped apefor “banana”-shape
Se dimegt sediment deposits sediment deposits sediment deposits s@epostts abseg
Deposition common common uncommon ™
- Fresh, large sand » Fres ge ms“a’rvwgwm*\{ « Fresh, large sand deposits |« Fresh, large sand deposits
deposits very common in deposits common in | uncommon in channel rare or absent from channel
channel channel / « Small localized areas of . No evidence of fresh
« Moderate to heavy sand lSmall localized area;éf fresh sand deposits along sediment deposition on
deposition along major f‘re\h sand dewslts“along top of low banks overbank
portion of overbank area top of fTow banks
- Point bars present at « Point bars common, « Point bars small and stable, |« Pom&bars‘“féw small end
most stream bends, moderate to large and well-vegetated and/or stable well-vegetated * Y
moderate to large and unstable with high armoured with little or no {and/or armoured with little
unstable with high amount of fresh sand fresh sand ‘or no fresh sand A
amount of fresh sand i - e
Point range Do o102 03 04 o5 ile o7 oOs
Yersion #2 Senior staff sign-off (if required): Checked by: CJ !l Completed by: K:‘

Last edited: 10/02/2023
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Z2-\-2% L 23030 acation: | SouTH TRIE CARDINAL |
Category Poor Fair Good Excellent

o Wetted perimeter < 40% |. Wetted perimeter 40- » Wetted perimeter 61-85% | . Wetted perint % of
of bottom channel width 60% of bottom channel of bottom channel width bottor channeem@:

(< 45% for large width (45-65% for large (66-90% for large 90% for large mainst
mainstem areas) mainstem areas) mainstem areas) areas}x ™

- Dominated by one habitat | .« Few pools present; Tiffles |« Good mix between riffles, - Riffles, runs and pool
type (usually runs) and and-funs dominant. runs and pools habitat present
by one velocity and depth Vélocnty and depth : - Relatively diverse velocity » Diverse velocity and depth
condition (slow and ]{generally slowand ! and depth of flow of flow present (i.e., slow,
shallow) (for large | shallow (for large / fast, shallow and deep
mainstem areas, few z mainstem areas, runs water)
riffles present, runs and and pools dominarit,
pools dominant, velocity véloaty and _depth
and depth diversity low) diversity” mtermedlate)

« Riffle substrate - Riffle substrate - Riffle substrate - Riffle substrate
composition: composition: composition: good mix of composition: cobble,
predominantly gravel predominantly small gravel, cobble, and rubble gravel, rubble, boulder mix |Af/4

Physical with high amount of sand cobble, gravel and sand material with little sand
Instream o < 5% cobble « 5-24% cobble » 25-49% cobble » > 50% cobble
Habitat - Riffle depth < 10 cm for | . Riffle depth 10-15 cm for | . Riffle depth 15-20 cm for | . Riffle depth > 20 cm for
large mainstem areas large mainstem areas large mainstem areas large mainstem areas fﬁjfiﬁ%‘

- Large'pools generally <™ | Large pools generally 30- | . Large pools generally 46-61 | . Large pools generally > 61

,;5"0 cm deep (< 61 cm for'i 46 cm deep (61-91 cm cm deep (91-122 cm for cm deep (> 122 cm for

{ large mainstem areas) ’ for large mainstem large mainstem areas) with large mainstem areas) with
and devoid of overhead/ areas) with little or no some overhead good overhead
cover/strugture——" overhead cover/structure | cover/structure cover/structure

. Extensive channel « Moderate amount of . Slight'affiount of channel « No channel alteration or
alteration and/or point channel alteration and/or ;rfa“Tteration and/or slight significant point bar
bar moderate increase in i\increase in point ba; formation/enlargement
formation/enlargement point bar formation/enlargetent

formatlon/enlargement
Riffle/Pool ratio 0.49:1; |« leﬁe/Pom ratio 0.5- N’ « Riffle/Pool ratio 0.7-0.89:1 | . Riffle/Pool ratio 0.9-1.1:1

>1.51:1 0.6971-;.1.31-1.5:1" ; 1.11-1.3:1
» Summer afternoon water |. Summer afternoon water | . Summer afternoon water « Summer afternoon water N7
temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C A
Point range Ooo 0O 10 2 03 & a OS5 0O 6 O 7 0O 8
« Substrate fouling level: . Subs‘t’f-ate fouling Ievé}“ - Substrate fouling level: » Substrate fouling level:
High (> 50%) Noderate (21-50%)" Very light (11-20%) Rock underside (0-10%)
« Brown colour « Grey colour éﬂs"STiEhtly grey colofu} « Clear flow
watar Ousitey TDS: > 150 mg/L « TDS: 101-150 mg/L 1+ IDS: 50-100-mg/L « TDS: < 50 mg/L
Y I Objects visible to depth ,;QB‘"ects visible to depﬁn - Objects visible to depth « Objects visible to depth
< 0.15m below surface 07:5:0.5m bejq.wsurface 0.5-1.0m below surface > 1.0m below surface
« Moderate to strong - Slight to moderate -;sflght organic odour S « No odour
organic odour organic odour \.,%
Point range oo o102 O3 O 4 E’\SDS o7z O 8
« Narrow-tipatian” are““”"é‘\“ « Riparian area « Forested buffer generally . Wide (> 60 m) mature
/ mostly non-woody ‘ predominantly wooded > 31 m wide along major forested buffer along both
o wyegetation e but with major localized portion of both banks banks
Riparian MR e s gaps
Habitat
Cor?ctl;;‘tizns « Canopy coverage: . Canwp,\(&,coverage*wSQ— - Canopy coverage: « Canopy coverage:
<50% shading (30% for ﬁﬁ% shading (30- 44%4w 60-79% shading (45-59% >80% shading (> 60% for
large mainstem areas) for large mainstem ;/ for large mainstem areas) large mainstem areas)
arcsras)w I
Point range oo o1 %2!33 04 OS5 o6 0O 7
p T N
Total overall score (0-42) = ‘ZA Poor (<13) (Tair (13-24) Good (25-34) Excellent (>35)
Version #2 Senior staff sign-off (if required): Checked by: EN\ Completed by: 5‘1‘5

Last edited: 10/02/2023
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Reach Characteristics Project Number: 2207 (o
Date: ' 22-1—22 Field Staff: S KM Watershed/Subwatershed: | cARDINAL CREEx
Time: Stream: SOUTH TRIR, CARDINAL CREEKUTM (Upstream): ‘
Weather; SUN =CLOUD -2°C Reach: RIA UTM (Downstream):
Land Use Valley Type Channel Type Channel Zone - Flow Type . - ./
(Table 1) 135 (Table 2) % (Table 3) 12 (Table 4) ra (Table 5) ‘ O Evidence of Groundwater Location: / Photo:
l Riparian Vegetation : ‘ ‘ [ Aquatic & Instream Vegetation I | Water Quality : : l
Dominant Type 4 Coverage Channel Widths Age (yrs) Type ‘ Woody Debris WD Density odour Turbidity
(Table 6) O None 01-4 O Immature (<5) (Table 8) O In Cutbank & Low WDJ3/50m: (Table 16) (Table 17)
Ehiérbachnant O Fragmented 4 - 10 ™ Established (5-30) . NIn Channel O MAod \ ' \
(Table 7) 6 SKContinuous 0> 10 O Mature (>30) Coverage % 6(} O Not Present O High
Channel Charécteristics
Sinuosity Type Sinuosity Degree | . Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) | £ (Table 10) I 7@0 - 30 Ho< 5% Bank B d O O O O O
Gradient | # of Channels | 0 30 - 60 05 - 30% Riffle 0 O O O 0 O a
(Table 11) (Table 12) 060 - 90 030 - 60% Pool O O O O a £ O
Entrenchment Bank Failure O Undercut 0 60 - 100% __Bed i
(Table 13) | | (Table 14) |2)5 O ormnoieen Fi H H D - % 3
D 's Model Bankfull Indi Bankfull Width -
ety U | Benkememer | | e 00| [0 |75 | weneawnem LY | pueo) 18D
Segras;:%g WS Sedime"‘gg::rsv‘;‘:?‘ O Yes T No %;N{ot Visible ~ Bankfull De("’:'; 1.0 (WO 0\SS | wetted Depth (m) |0/ ZH 123 00g
q) Y
acH (8.5} 3.92 Ao 0 3%
Modenl(-;:glsepgs \ % of Bed Active Q ERie Undercuts (m) o\’SO / / Velocity (m/s) |~ -
Geomorphic 4 Mass Movement ok gg}@f{} Pool Depth / / / Velocity Estimate
Units (Table 22) (Table 23) BUNS | WA (m) Method
Soeiing oot | - £ % Riffles: |,/ | % pools: |, |riffie Length (m) | 7 | | " || Wedtider e A rd »
Notes: CHANNEL BLOWS THROUAGH oPeN MEADOW W HERBACEOUS V. CovER £ |RRe R ME RS, BANKFULY
NOT WELL-DEFINED, FLOODPLAIN 1S FLAT anD 0w ov EMHER SIDE oF cHANNEL wiN WS END QF
REACH . WS END OF ReAlH BEGINS AT HISTORIC BEAVER DAM THAT HAS BEFN ERODED AND
UNDERUT: ELEVATION DROPS AND CONEINEMENT INCREASES W DISHANCE D/ WNTIL THE WATERSOURSE
ENTERS A COMEEROUS FORPET VALLEN WHERE Rz BEGINS.
Photos:
Version #4 Senior staff sign-off (if required): Checked by: KM Completed by: E S
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General Site Characteristics Project Number: 7 ’;‘\{).%(Q
b 2033 -\ Bk Stream:  [CREDINRL CREEKTRIB
Time: 0~ Reach:, - : - ¥1lA
\Weather., . SUN Y CLOUD ~A Locatlon' . - i ORlE NS
Field Staff: S ¥Mm Watershed/subwatershed. Ch } DINWL CRFFIK
Features | Monitoring Site Sketch /’ —— e . ; Compass
= Reach break -0~0-0- Long-profile 7 %ﬁ{%’t

R station location l——1 Monumented XS 4 b ERC
¥—X Cross-section Monumented photo | T ’
A Riffle direction

@

- Flow direction ¢ Monumented photo X HLL E "’ ge@
=)
8

> Pool Sediment sampling i %;gf\ ! ,,}-,i KX —Wwehs 3
@R Sediment bar Erosion pins \hy y i
i Eroded bank/slope Scour chains % W]
————— Undercut bank Additional Symbols “«2;@!
Bank stabilization HistoRic 7
Leaning tree LERYE ¢ DAM
%% Fence UNDERCUT THEV %%(,
Culvert/outfall WITIOW. 0SS

L
Swamp/wetland
YVYY Grasses
Tree

Instream log/tree

£
X X ¥ Woody debris
g
aD

-

Beaver dam
Vegetated island

Flow Type

H1  Standing water H1A Back water
H2  Scarcely perceptible flow

H3  Smooth surface flow

H4  Upwelling

H5 Rippled

H6  Unbroken standing wave

H7 Broken standing wave

H8 Chute
H9  Free fall H9A Dissipates below free fall ’
Substrate : , '
si1  Silt $6  Small boulder %
§2 Sand S7  Large boulder '
S3  Gravel S8 Bimodal
§4  Small cobble S§9  Bedrock/till
§5  Large cobble
Other ‘ - . ,
BM Benchmark EP Erosion pin
BS Backsight RB Rebar
DS Downstream us Upstream
WDJ  Woody debris jam TR Terrace

VWC Valley wall contact FC Flood chute

BOS Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes:
Version #4 Senior staff sign-off (if required): ______ Checked by: _\_(_Lg___ Completed by: Y. M
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Rapid Geomorphic Assessment

Project Number: z30%(

GEO

MORPHIX"

Date: 29-\\=2% Stream: SOUTH TRIB CARDINAL CREE K
Time: 130 AM Reach: RIA
Weather: ONERAST =-5'C Location: CARDINAL CREEK VILLAGE
Field Staff: D KM Watershed/Subwatershed: | (ARD\NAL CREEE
Process Geomorphological Indicator Present? Factor
No. |Description Yes No Value
1 |Lobate bar N
2 |Coarse materials in riffles embedded N
Evidence of 3 |Siltation in pools N 2
Aggradation 4 |Medial bars e /q_
(A 5 |Accretion on point bars N
6 |Poor longitudinal sorting of bed materials o
7 |Deposition in the overbank zone o
Sum of indices =| 2. 5 6130
1 |Exposed bridge footing(s) N/A
2 |Exposed sanitary / storm sewer / pipeline / etc.
3 |Elevated storm sewer outfall(s)
4 |Undermined gabion baskets / concrete aprons / etc.
Evidence of 5 |Scour pools downstream of culverts / storm sewer outlets
Degradation
(DI) 6 |Cut face on bar forms ~ G/
7 |Head cutting due to knickpoint migration o 5
8 |Terrace cut through older bar material S
9 |Suspended armour layer visible in bank AN
10 |Channel worn into undisturbed overburden / bedrock N
Sum of indices =| © 5 [6)
1 [Fallen / leaning trees / fence posts / etc. N
2 |Occurrence of large organic debris N\
3 |Exposed tree roots ~
4  |Basal scour on inside meander bends “
E\\ll\il?deenncii;f 5 |Basal scour on both sides of channel through riffle ~N 1/
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. N/ A :}.
7 |Length of basal scour >50% through subject reach N
8 |Exposed length of previously buried pipe / cable / etc. p.j[A
9 |Fracture lines along top of bank N\
10 |Exposed building foundation NLA
Sum of indices =| | o | 00D
1 |Formation of chute(s) ™~
Evidence of 2 |Single thread channel to multiple channel .
Planimetric 3 |Evolution of pool-riffle form to low bed relief form N 3/’
Form 4 |Cut-off channel(s) N :!"
Adj‘ﬁt{)ﬂent 5 |Formation of island(s) NG
6 |Thalweg alignment out of phase with meander form N
7 |Bar forms poorly formed / reworked / removed \\
Sum of indices =| | (o 02
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =| 0,\A%
In Regime In Transition/Stress |In Adjustment
‘% 0.00 - 0.20 O 0.21 -0.40 0 0.41
Version #3 Senior staff sign-off (if required): ____ Checked by: m__ Completed by: _ﬁ__

Last edited: 10/02/2023




Rapid Stream Assessment Technique

Project Number: 7=zc9{

GEO

M ORPHIX™

Date: 2% -ll- 2% Stream: SOUTH TRIB UARBINAL CREEK
Time: (1:20 AM Reach: RI1A
Weather: OVERMST -5'C Location: CARDINAL CREEK VILLAGE
Field Staff: K A Watershed/Subwatershed: CARDINA L CREEK
Category Poor Fair Good Excellent
» < 50% of bank network |+ 50-70% of bank network |+ 71-80% of-bank ietwork \ |- > 80% of bank network
stable stable st : stable
« Recent bank sloughing, « Recent signs of bank - Iifrequent signs of bank / |« No evidence of bank
slumping or failure sloughing, slumping or sloughing, slumping or~ sloughing, slumping or
frequently observed failure fairly common failure” . - failure
- Stream bend areas highly |« Stream bend areas ;g“Sﬁ:évam bend areas s‘ggglwgnj . Stream bend areas very
unstable unstable ."Olter bark héight 0.6-0.9 stable
» Outer bank height 1.2 m |« Outer bank height 0.9- m above stream bank (1.2- |. Height < 0.6 m above
above stream bank 1.2 m above stream 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream bank for large mainstem areas) stream bank for large
bank for large mainstem (1.5-2.1 m above stream | » Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large mainstem « Bank overhang < 0.6 m
- Bank overhang > 0.8-1.0 areas)
Channel m . Bank overhang 0.8-0.9m
Stability - Young exposed tree roots |. Young exposed tree roots | « Exposed tree roots . Exvggsed'ﬁ"”éé“‘?‘3’3%‘67(5',”_,
abundant common predominantly old and ~targe and woody E
» > 6 recent large tree falls |« 4-5 recent large tree falls | large, smaller young roots |% Generally 0-1 recent larg
per stream mile per stream mile scarce “tree falls per stream mite€
« 2-3 recent large tree falls T
per stream.mile ...
« Bottom 1/3 of bank is . Bottom 1/3 of bank is . B/ott'é’l:ﬁ 1/3 of bank is ™ |« Bottom 1/3 of bank is
highly erodible material generally highly erodible generally highly resistant ?} generally highly resistant
» Plant/soil matrix severely material blxant/&s_rgi’lw matrix or material | plant/soil matrix or material
compromised « Plant/soil matrix e
compromised
« Channel cross-section is |« gbagne{eemss-seﬁtmﬁ‘“is » Channel cross-section is » Channel cross-section is
generally trapezoidally- /generally trape;wgidaﬁy— generally V- or U-shaped generally V- or U-shaped
shaped “shaped .-
Point range Oo0o O1 0 2 03 O0O4 OG5 06 @7 O 8 09 O 10 O 11
« > 75% embedded (> « 50-75% embedded (60- |. 25-49% embedded (35- . R;fgl}embeﬁaéa@ss
85% embedded for large 85% embedded for large 59% embedded for large % Y% sand-silt (< 35% /
mainstem areas) mainstem areas) mainstem areas) embedded for large
mainstem-areas
« Few, if any, deep pools . Low gg,mede‘F’é’"te nun‘ibg . Moderate number of deep « High number of deep pools
« Pool substrate of-deep pools } pools (> 61 cm deep)
composition >81% sand- |« Pool substrate * | « Pool substrate composition (> 122 cm deep for large
silt A\, composition 30-59% sand-silt mainstem areas)
60~80%. sand-sit~ + Pool substrate composition
<30% sand-silt
Shannel « Streambed streak marks |. Streambed streak marks |. Streambed streak marks « Streambed streak marks
Scouring/ and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Sedimegt sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition common common uncommon
« Fresh, large sand « Fresh, large sand « Fresh, large sand deposits |« Fresh ,/Iarge"s’aﬂd El“’épgsits
deposits very common in deposits common in uncommon in channel rare-or absent from channel
channel channel « Small localized areas of « Ng evidence of fresh/,f
. Moderate to heavy sand |. Small localized areas of fresh sand deposits along sediment deposition-on
deposition along major fresh sand deposits along | top of low banks overbank "
portion of overbank area top of low banks
« Point bars present at » Point bars common, « Point bars small and stable, |« Point vpg,rs_ﬁemg;nau@gxpd
most stream bends, moderate to large and well-vegetated and/or stable, well-vegetated 3
moderate to large and unstable with high armoured with little or no @nd/or armoured wigMittle
unstable with high amount of fresh sand fresh sand *‘ng no fresh sanqﬂfﬂ,/
amount of fresh sand e
Point range Do o1 O 2 O3 0O 4 05 06 mz O 8
Version #2 Senior staff sign-off (if required): Checked by: _EL’(\_ Completed by: _f_%___

Last edited: 10/02/2023
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GEO

MORPHI? ¥

NIA

NA

NTA

Date: | Z%-11~-123 | 2307He SOUTH TRIE CARDINAL
Category Poor Fair Good Excellent
- Wetted perimeter < 40% |. Wetted perimeter 40- « Wetted perimeter 61-85% | » Wetted perimeter > 85\76%k0f
of bottom channel width 60% of bottom channel of bottom channel width om channel width (>/
(< 45% for large width (45-65% for large (66-90% for large ‘90% for large mamstgm‘i
mainstem areas) mainstem areas) mainstem areas) ar e
- Dominated by one habitat.{+ Few pools present, riffles) |« Good mix between riffles, |- Riffles, runs and pool
type (usually runs) and ~..and runs dominant. . A runs and pools habitat present
by one velocity and depth | . Véloeity and Bepth - Relatively diverse velocity - Diverse velocity and depth
condition (slow and generally slow and and depth of flow of flow present (i.e., slow,
shallow) (for large shallow (for large fast, shallow and deep
mainstem areas, few mainstem areas, runs water)
riffles present, runs and and pools dominant,
pools dominant, velocity velocity and depth
and depth diversii:y low) diversity intermediate)
. leﬂc;su “, | Riffle substrate » Riffle substrate « Riffle substrate
/cmnposntlon ) composition: composition: good mix of composition: cobble,
{ predominantly gravel / predominantly small gravel, cobble, and rubble gravel, rubble, boulder mix
Physical \ .with high amount of sand cobble, gravel and sand material with little sand
Instream o 5%, cobble ) » 5-24% cobble o 25-49% cobble « > 50% cobble
Habitat »Riffle depth < 10 cm f5h « Riffle depth 10-15 cm for |+ Riffle depth 15-20 cm for |« Riffle depth > 20 cm for
Iarge mainstem areas. large mainstem areas large mainstem areas large mainstem areas
. Lau;ge pools g rfefally < \ - Large pools generally 30- | « Large pools generally 46-61 | . Large pools generally > 61
30 cm deep (< 61 cm for; 46 cm deep (61-91 cm cm deep (91-122 cm for cm deep (> 122 cm for
({ , large mainstem ar;aesa)/ for large mainstem large mainstem areas) with large mainstem areas) with
“and devoid of ove d areas) with little or no some overhead good overhead
cover/s“fructure overhead cover/structure cover/strugture S cover/structure
« Extensive channel « Moderate amount of ..Slight amount of channel + No channel alteration or
alteration and/or point channel alteration and/or;”‘ alteration and/or slight / significant point bar
bar moderate increase in i increase in point bar _./ formation/enlargement
formation/enlargement point bar Jormatlon/enlargmt
formatnon/enlar«gemgnt T
- Riffle/Pool ratio 0.49:1 ; ,leﬁe/Pool ratio 0.5- - Riffle/Pool ratio 0.7-0.89:1 | . Riffle/Pool ratio 0.9-1.1:1
>1.51:1 ¢ 0.69:1; 1.31-1.5:1" ; 1.11-1.3:1
« Summer afternoon water |. Summer afternoon water | » Summer afternoon water - Summer afternoon water
temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C
Point range oo O1 0 2 § 3 04 Os5 O 6 o7 O s
« Substrate fouling level: . Substrate fouling level: » Substrate fouling level: . Substrate fouling level:
High (> 50%) Moderate (21-50%) Very Iight (11- 20%) Rock underside (0-10%)
» Brown colour « Grey colour -,Shghtly grey cololr r « Clear flow
Water Qualit » TDS: > 150 mg/L - TDS: 101-150 mg/L ~IDS: 50- LO@’mg/L « TDS: < 50 mg/L
r Quali —
4 « Objects visible to depth « Objects visible to depth |« ObJects visible to depth « Objects visible to depth
< 0.15m below surface 0.15-0.5m below surface 0.5-1.0m below surface > 1.0m below surface
« Moderate to strong . Slight to moderate « Slight organic odour . NQ“W “‘“‘%ﬁ.
organic odour organic odour e
Point range oo O1 0 2 O3 0O 4 05 0O 6 ¥7D8
» Narrow riparian area of » Riparian area « For “E'LTFFé'FgenéFzSHﬁ » Wide (> 60 m) mature
mostly non-woody predominantly wooded 31 m wide along major forested buffer along both
o vegetation but with major localized mon of both banks~~ banks
Riparian gaps e
Habitat Y
Conditions - Canopy coverage: - Cang fﬁage: 50— v |- Canopy coverage: - Canopy coverage:
<50% shading (30% for 60% shading (30- 44% f 60-79% shading (45-59% >80% shading (> 60% for
large mainstem areas) {or large mamstem for large mainstem areas) large mainstem areas)
as) o
Point range oo o1 0o2 O3 a4 Os o6 O 7
po— WWW
Total overall score (0-42) = ’Z'A’.%- Poor (<13) Fair (13=-24) ;" Good (25-399 Excellent (>35)
e, s
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Reach Characteristics PmJect Number: a 30% (& p ek ol o
Date: 3@;‘% 5 -\~ 2% Field Staff: S+ KM v Watershed/Subwatershed: | ( fEDINAL CEEEE
Time: 7% — ? __| Stream: Caydin (Cyee ¥ 111lp| UTM (Upstream):
‘Weather: SUN r LLOVUYD —3°| Reach: | €2z UTM (Downstream):
Land Use Valley Type Channel Type Channel Zone Flow Type . " N
(Table 1) ‘ ?7 (Table 2) 2 (Table 3) % (Table 4) Z (Table 5) \ @Ewdence of Groundwater Location THEUGKLET Photo:
[ Riparian Vegetation Aquatic & Instream Vegetation : ! ] Water Quality
Dominant Type l Coverage  Channel Widths Age (yrs) Type | Woody Debris WD Density odour Turbidity
(Table 6) O None O1-4 O Immature (<5) (rable &) |NIA W in cutbank CiLow ~ WDI/S0m: Uable 16) (Fabls 473
Encroachment O Fragmented N 4- 10 N Established (5-30) el ‘gﬁ,ln Channel O Mod l ~2 \ 2_
(Table 7) 2_ N Continuous 0> 10 KMature (>30) Coverage % G O Not Present N High
Channel Characteristics , : , . v
Sinuosity Type Sinuosity Degree Bank Angle Bank Erosion (Table 19)  Clay/silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) | 21D (Table 10) | > 0o-30 O < 5% Bank iﬁ\ O iy a
Gradient # of Channels | | 30 - 60 o5 -30% Riffle ﬂ\ ‘ﬁi ﬁ\ a
(Table 11) | Z. (Table 12) 60 - 90 030 - 60% Pool . w A O # u
Entrenchment | _ Bank Failure |1 Undercut 7?(60 - 100% _ Bed
(Table 13) | ! 2 (Table 14) 5!25} y\ e o L - = = = =
Down’s Model Bankfull Indicators |[{,5 Bankfull Width Y ol " n
(Table 15) | M\ (Table 18) 5)‘-;_ (m) [S0V 0.0 S0V | wetted width (m) ||/1¢ WS Mo
Sed Sorti Sedi tT i Bankfull Depth ; N2,
e(Tal;e '2?)9) P= edimen o;::;';‘:{; O Yes M No [J Not Visible Ak e(;:“) 0,’}(’)\’ 030 ’(),'{-g Wetted Depth (m) |0:0% 6108 0.t
Mode.'(."l":glsepg{; \ % of Bed Active / Undercuts (m) 0,40 v lo \QD oo Velocity (m/s) bhm(l} &) P34l
Geomorphic | &, (o Mass Movement S v Pool Depth wy Velocity Estimate |, , o 8
Units (Table 22) ég (Table 23) A ofp put¥ 12D (m) |09 0.2 615 Method |IV B wWH e
sp:‘i:fif:;-z:()’: \QD % Riffles: %O % Pools: ?}Q Riffle Length (m) \;‘O k«@f m,v HMednder Amplitzx:‘e) ‘6, % %, :?"
Notes: W El ‘{; NGO G0ow | 130w
~ MNED VG LE AN M m\m s;g VLDEBS/(o bBLES i STEEMM 051
- SILTRTION N : J : ~YW( ¢REGQUENT - EXFOSED TREE SonSlS (ALL AGES) FREGUENT
~FTREQUE NT -rﬁ:f;r FALLS + LEANING TREES -~ CLAY T EXFRED AlONg FU\\,L LENGTH OF %&D
= Ay CONGLOMERATES | A0S N, &b 1 < , QA Oy &
~SMALL SCALE MASS MOVEMENT CRsmmNAL SUDE)Y OBSN (N SpME Lc:cA*rl:aMi’; W HE&E QHANNE";L ENTN
CONTACT W \ALLEY Wil
¥ SEE 12-03—-23 RELD NOTES FOR RGP | Y= E<SED oM
Photost AT DATE | CESERVATIONS ON THIS SHEET PERTA IN TO wss ‘ﬁﬁu’»‘“ t&mm F‘&\f\ *T(:) T\ CONFUENC

Version #4 Senior staff sign-off (if required): Checked by: LC; Completed by: ﬁ[ﬂ
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GEO

MORPHIX™

General Site Characteristics Project Number: 207 io

Do A0~ 138 Stream: CARODINARL CZEReTRg
Time: — Reach: @z
Weather, , QUN § {LVD 4 o Location: ORE NS
Field Staff: XS M Watershed/Subwatershed. (Freovwwl (peeEk.
- 7 # 7

Features Monitoring Site Sketch ' / { U compass
=] Reach break -0-0-0- Long-profile (1 i {

R station location Monumented XS % 2& ‘
X Cross-section @ Monumented photo
—* Flow direction ¢ Monumented photo
A Riffle direction
> Pool w Sediment sampling .
&>  Sediment bar Erosion pins )
i Eroded bank/slope 8 Scour chains

Undercut bank
Bank stabilization
Leaning tree
Fence
Culvert/outfall
Swamp/wetland
Grasses

Tree

Instream log/tree
Woody debris
Beaver dam

Additional Symbols

Vegetated island

Flow Type . : tw{;i & f{xwﬂ
H1  Standing water H1A Back water %%\E‘};g \\iik
H2  Scarcely perceptible flow 5
H3  Smooth surface flow P
H4  Upwelling Tl
H5 Rippled . M
H6  Unbroken standing wave
H7  Broken standing wave
H8 Chute
H9  Free fall H9A Dissipates below free fall
Substrate , v
S1  Silt $6 Small boulder i
$2 sand $§7  Large boulder N )
$3  Gravel s8  Bimodal C\
S$4  Small cobble S$9  Bedrock/till Q\;" /N II:L. \ SoLDE »\wsw o
S5  Large cobble 8/ \ \ ‘?"‘g cafiimed -
Other N 0 ; -
BM Benchmark EP Erosion pin \i&;" ( \ e |
BS Backsight RB Rebar o { ? |
DS Downstream us Upstream Sﬁ, \\
WD3J Woody debris jam TR Terrace t ‘ { [ [ : f —l
VWC Valley wall contact FC Flood chute \ / \
BOS Bottom of slope FP Flood plain Photos:
TOS Top of slope KP Knick point Notes:
Version #4 Senior staff sign-off (if required): Checked by: Completed by: l-/—___N_\____
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Reach Charactenstlcs Project Number: MoRre
Date: A0S -0 1\ Fleld Staff- Watershed/Subwatershed: | ("7 71011 & Creek
Time: 16415 AM Stream: 01T C 162 F 11i] UTM (Upstream): Vis" ua39aule, 5. uszza3
‘Weather: Suvrnum, 2 3F0c, Reach: UTM (Downstream):
Land Use Valley Type Channel Type Channel Zone -7 | Flow Type |
£ ) i : ]
(Table 1) , | (Table 2) 7 (Table 3) %’ (Table 4) © | (Table 5) ? [ Evidence of Groundwater Location Photo
Riparian Vegetation Aquatic’& Instream Vegetation l Water Quality
Dominant Type E I Coverage Channel Widths Age (yrs) Type 1] Woody Debris WD Density Odour Turbidity
(Table 6) i O None 01-4 O Immature (<5) (Table 8) ] E In Cutbank O Low WDJ/50m: (Table 16) (Table 17)
O Fragmented &4 - 10 ‘o Established (5-30) . [?;1 In Channel ﬁ Mod 2-8 ) i
Encroachment A p . ¢ s Reach!| / <
(Table 7) 7 TZ}(.Contmuous > 10 Mature (>30) Coverage % & ¢ | O Not Present ‘00 High
Channel Characteristics v
Sinuosity Type | «}.; Sinuosity Degree Bank Angle Bank Erosion (Table 19) Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) | 7/ & (Table 10) 0o-30 0 < 5% Bank o O | O O O O
Gradient | # of Channels 030 - 60 05-30% Riffle i O A s O O 0
(Table 11) (Table 12) .60 - 90 030 - 60% Pool B O O O a O O
Entrenchment Bank Failure _ Undercut ? 60 - 100% Bed 0 O
[ . |
(Table 13) (Table 14) ¥sl @ :;’O;';?,g,gg;;% . @ (5% B ¥ ‘51 % st a3
Down’s Model | | Bankfull Indicators » Bankfull Width - 2 o - _
trable 15) |dl] U (Table 18) |1/ (m) 1451 e % Wetted Width (m) | 7.7 1.25 0,75
se(‘!rasg";ﬁz%g) Sediment(;l';:::vz?; O Yes ™ No [ Not Visible Bankfull De(pr:l; 0,50 67 5 0499 Wetted Depth (m) | OOk 0193 0. 12
Mo de‘;;:g's:;’g % of Bed Active |1\ Undercuts (m) |0).4% 0.12 NA Velocity (m/s) |().| H 09
Geomorphic Mass Movement Pool Depth - DS _ I\/ Velocity Estimate | WIFflE AN w
Units (Table 22) (Table 23) (m) 0lg |esy (0193 A Method | BpLL
Riffle-Pool |-; i . o . i Meander Amplitude | « )
Spacing (m): % Riffles: % Pools: Riffle Length (m) | & i\)A 92 P +.% NA ~10
Notes MWLTIPLE Ve THROUWGHOUT, FINELY LAMINATE > OLAY EYPOSED AT SIOPE TOE. MULTIPLE, SECTIONS \N BOULDERS
Vi DM A\ONG BED
) 1S 6‘?{5\”(’
_\,‘,7‘!. D/ = { 5\" VO, 92 =1 A
1 2 "{1»F ::’ 7 -1,4 % * "A‘.:/*f/"'.)/{f::
Photos:
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Rapid Stream Assessment Technique

GEO

M ORPHIX"

,.»v,

Project Number: 9‘}

7,

Date: A w 4=\ Stream: ’ ~pg K ik
Time: Reach: ‘R2
Weather: Location: o €
Field Staff: Watershed/Subwatershed: ViV o \¢C
Category Poor Fair Good Excellent
. <50% of t bank networrlg + 50-70% of bank network |« 71-80% of bank network « > 80% of bank network
/stable \ stable stable stable
¢ Recent bank sloughing, / |+ Recent signs of bank « Infrequent signs of bank - No evidence of bank
slumping or failure /’ sloughing, slumping or sloughing, slumping or sloughing, slumping or
uently observed ~ failure fairly common failure failure
- Strear ni warea“&ughly - Stream bend areas - Stream bend areas stable | . Stream bend areas very
unstable unstable « Outer bank height 0.6-0.9 stable
Quter bank height 1.2 m N\ |« Outer bank height 0.9- m above stream bank (1.2- |« Height < 0.6 m above
/above stream bank 1.2 m above stream 1.5 m above stream bank stream (< 1.2 m above
[ (2.1 m above stream bank for large mainstem areas) stream bank for large
bank for large mainstem (1.5-2.1 m above stream | . Bank overhang 0.6-0.8 m mainstem areas)
reas) bank for large mainstem « Bank overhang < 0.6 m
- Bank overhang > 0.8—1./ areas)
Channel m _~~ |- Bank overhang 0.8-0.9m
Stability « Young exposed-tre@ roots - Yeung exposed-tree roots - Exposed tree roots - Exposed tree roots old,
abundant /common predominantly old and large and woody
« > 6 recent large tree falls |+ 4-5 recent large tree falls , large, smaller young roots |. Generally 0-1 recent large
per stream mile er stream mile scarce tree falls per stream mile
. 2-3 recent large tree falls
- & per stream mile
. Bottom 1/3 of b;n’ﬁ is 1. BottomM . Bottom 1/3 of bank is - Bottom 1/3 of bank is
highly erodible material general}y highly erodible generally highly resistant generally highly resistant
« Plant/soil matrix severely material | plant/soil matrix or material | plant/soil matrix or material
compromised 1\ « Plant/soil matrix
- GOMIPromised
. Channel cross-section’is |« Channeilm‘éross—section is |« Channel cross-section is » Channel cross-section is
generally tr ezoidally— generally trapezoidally- generally V- or U-shaped generally V- or U-shaped
shaped . shaped /
Point range DODIkZ —~3 04 O5 O 6 O 7 O 8 09 0O 10 O 11
+ > 75% embedded (> + 50-75% embedded (60~ bedded (35- « Riffle embeddedness <
85% embedded for large 85% embédded for large 59% embedded for large 25% sand-silt (< 35%
mainstem areas) mainstenhareas) mainstem areas) embedded for large
mainstem areas)
- Few, if any, deep pools | . Low to moederate.number |« Moderate number of deep |« High number of deep pools
« Pool substrate of deep pools N pools (> 61 cm deep)
composition >81% sand- {| « Pool substrate \ « Pool substrate composition (> 122 cm deep for large
silt composition 30-59% sand-silt mainstem areas)
\\60—80% sand-silt « Pool substrate composition
T — .. / <30% sand-silt
ch I ff‘”‘-wStreambéd streak ma\rks\ - Streambed streak marks |. Streambed streak marks « Streambed streak marks
Sco?]?ir:\e/ \ and/or “banana”-shaped | and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Se dimerg1t | sediment deposits sediment deposits sediment deposits sediment deposits absent
Beposition “common common uncommon

| .+~Fresh, large sand .
deposits very common m
~-.._channel
. Moderate to heavy sand .

deposition along maj

portion of overbank area

Fresh, large sand
deposits common in

- channel

Small localized areas of/”
fresh sand deposits along
top of low banks

or

6

Fresh, large sand deposits
uncommon in channel

~Stnal-focalized areas Gf .
fresh sand deposits along
top of Iow banks '

.

Fresh, large sand deposits
rare or absent from channel
No evidence of fresh
sediment deposition on
overbank

..Point bars present at

1" most stream bends,
moderate to large and

%able with high
unt of fresh sand

™|« Point bars common,

| moderate to large and
unstable with high
amount of fresh sand

Point bars small and stable,
well-vegetated and/or
armoured with little or no
fresh sand

Point bars few, small and
stable, well-vegetated
and/or armoured with little
or no fresh sand

Point range

Do O 1 O

2

O 5 0O e6

O 7 0O 8
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Water Quality

« TDS: > 150 mg/L

TDS: 101-150 mg/L

- TDS: 50-100-mg/L

Category __Poor Fair Good Excellent
Wetted perimeterlﬂz"z{)"kz‘ . Wetted perimeter 40- . Wetted perimeter 61-85% | . Wetted perimeter > 85% of
of bottom channel width | 60% of bottom channel of bottom channel width bottom channel width (>
(< 45% for large | width (45-65% for large (66-90% for large 90% for large mainstem
mainstem areas) ~"| mainstem areas) mainstem areas) areas)

. Dominated by one habitat | - Few pools present, riffles /. Good mix-betwee . Riffles, runs and pool
type (usually runs) and and runs dominant. /| runsand pools habitat present
by one velocity and depth |+ Velocity and depth %! « Relatively diverse ve]ocit\')\ . Diverse velocity and depth
condition (slow and generally slow and and depth of flow of flow present (i.e., slow,
shallow) (for large shallow (for large \ fast, shallow and deep
mainstem areas, few mainstem areas, runs | water)
riffles present, runs and and pools dominant, /’
pools dominant, velocity velocity and depth /
and depth diversity low) diversity intermediate) | S /

« Riffle substrate « Riffle substrate (1 Rlﬁle%ﬁw\ - Riffle substrate
composition: composition: ; composition: good mix of composition: cobble,
predominantly gravel predominantly small gravel, cobble, and rubbie gravel, rubble, boulder mix

Physical with high amount of sand cobble, gravel and sand material / with little sand
Instream » < 5%.cobble « 5-24% cobble « 25-49% cobble _ « > 50% cobble
Habitat | TRiffle depth < 10 cm fo; . Riffle depth 10-15 cm for |« Riffle depth 15-20 cm for |« Riffle depth > 20 cm for
large mainstem areas large mainstem areas large mainstem areas large mainstem areas
;’/ Larg‘é*pools,generally”? . Large pools generally 30- | - Large pools generally 46-61 | - Large pools generally > 61
§ 30 cm deep (< 61cm for 46 cm deep (61-91 cm cm deep (91-122 cm for cm deep (> 122 ¢cm for
~large mainstem areas) for large mainstem large mainstem areas) with Iange*mamstem areasj Wlth
and deveid-of overhead areas) with little or no some overhead { good overhead
cover/structure overhead cover/structure | cover/structure (;over/structure -
yE“)i’EéAns”i‘\”/’éEﬁaﬁnel i « Moderate amount of . Slight amount of channel . No channel alteration or

.f’ alteration and/or point channel alteration and/or | alteration and/or slight significant point bar
bar moderate increase in increase in point bar formation/enlargement

\formatton/enlargement P point bar formatlon/enlargement

formation/enlargement
. R:ffle/Pooi ratno 0.49:1; |. Riffle/Pool ratio 0.5- . inle/Pool ratio 0.7-0.89: i - Riffle/Pool ratio 0.9-1.1:1
>1.51:1 0.69:1; 1.31-1.5:1 11-1.3:1
E%t? « Summer afternoon water |. Summer afternoon water |« Summe?%"ﬁéf‘noorrwater « Summer afternoon water
\YE ‘| temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C
Point range Do o102 X3 oa Os5 06 OD7 08
e

« Substrate fouling level: . Substrate fouling level: |+ Substrate fouling level: ubstrate fouling Ie@ebl
High (> 50%) Moderate (21-50%) Very light (11-20%) ck-underside (0-10 /o)

- Brown colour « Grey colour « Slightly grey colour Cleaa:;’f‘l?)W’““‘”“M

TDS < 50 mg/L

Objects visible to depth
< 0.15m below surface

Objects visible to depth
0.15-0.5m below surface

Ob]ects visible to depth
-1, Om below surface

Moderate to strong
organic odour

°

Slight to moderate
organic odour

. Slight organic odour

N

.No odour
X

Point range

oo o0O1 0 2

o3 0 4

O 5 0O 6

%o

e

Narrow riparian area of
mostly non-woody

e

Riparian area
predominantly wooded

» Forested buffer generally
> 31 m wide along major

o )Nlde (> 60 m) mature
/forested buffer along both

b vegetation but with major localized portion of both banks anks
Riparian aps S —
Habitat 9ap -
Conditions . Canopy coverage: « Canopy coverage: 50- . Canopy coverage: angp? coverage
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% >80% shading (> 60% for
large mainstem areas) for large mainstem for large mainstem areas) large mainstem areas)
areas)
Point range oo o1 02 O3 D4 OS5 o6 W7
Total overall score (0-42) = ’f;;\’g\ Poor (<13) - Fair (13-24) Good (25-34) Excellent (>35)
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Project Number:

Rapid Geomorphic Assessment

Date: ") Stream: ™ | V
Time: Reach:
Weather: ? ) Location:
Field Staff: - { Watershed/Subwatershed: 13 wile
Geomorphological Indicator Present? Factor
Process
No. |Description Yes No Value
1 |Lobate bar >< )
2 |Coarse materials in riffles embedded IX‘
Evidence of 3 |Siltation in pools }f
Aggradation 4 |Medial bars ‘”{at
(AD) 5 |Accretion on point bars A
6 |Poor longitudinal sorting of bed materials ?<\
7 |Deposition in the overbank zone X
Sum of indices =| {g i
1 |Exposed bridge footing(s)
2 |Exposed sanitary / storm sewer / pipeline / etc.
3 |Elevated storm sewer outfall(s)
4 |Undermined gabion baskets / concrete aprons / etc.
g;?rzg?cigg 5  |Scour pools downstream of culverts / storm sewer outlets _ 0 L{{‘)@
(DI) 6 |Cut face on bar forms )( .
7 |Head cutting due to knickpoint migration )&
8 |Terrace cut through older bar material F“‘x_
9 |Suspended armour layer visible in bank »*”‘““-.i
10 {Channel worn into undisturbed overburden / bedrock
Sum of indices = %
1 |Fallen / leaning trees / fence posts / etc.
2 |Occurrence of large organic debris
3 |Exposed tree roots
4  |Basal scour on inside meander bends \
Ew‘ij;enrﬁ?]g‘)f 5 |Basal scour on both sides of channel through riffle X ~ %6
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. P i» il
7 |Length of basal scour >50% through subject reach b
8 |Exposed length of previously buried pipe / cable / etc. X ,
9 |Fracture lines along top of bank /
10 |Exposed building foundation
Te) i
1 |Formation of chute(s) A
Evidence of 2 |Single thread channel to multiple channel {/
Planimetric 3 |Evolution of pool-riffle form to low bed relief form /"\
Form 4 |Cut-off channel(s) X
Adju(itl?ent 5 |Formation of island(s) . X
6 |Thalweg alignment out of phase with meander form /(
7 |Bar forms poorly formed / reworked / removed X

Sum of indices =| "1

g

Notes: § g€

Stability Index (SI) = (AI+DI+WI+PI)/4 = 0.le0

In Regime

In Transition/Stress

In Adjustment

O 0.00 - 0.20

O 0.21 -0.40

w 0.41
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General Site Characteristics Project Number: é’}
Date: 012~ 0312 Stream: v ad cveeld
Time: 1015 AM Reach: R2
Weather: Wi ,, éfw Location: U ti€ay
Field Staff: {1 Watershed/Subwatershed:
Features Monitoring Site Sketch o D DS Compass
i:x?_—_f Rea<':h break. -0~0-0- Long-profile M X S 2
Station location IL— 1 Monumented XS .
¥—X Cross-section @ Monumented photo ;“
—® Flow direction l Monumented photo <
A Riffle direction f SDRUP 2E,
> ool w Sediment sampling
@& Sediment bar OO Erosion pins
it Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols
EXXXX3d Bank stabilization 4
~=> Leaning tree A
x-%-X  Fence
L1 Culvert/outfall
Swamp/wetland
YVVY Grasses )
€3 Tree
@ Instream log/tree <
X X ¥ Woody debris =
%  Beaver dam
ao Vegetated island
Flow Type
H1  Standing water H1A Back water
H2  Scarcely perceptible flow ~— .
H3  Smooth surface flow i PE N S
H4  Upwelling >
H5  Rippled < 5
H6  Unbroken standing wave N '
H7  Broken standing wave K
H8 Chute
H9  Free fall H9A Dissipates below free fall
Substrate
S1  Silt S$6  Small boulder
S2 Sand §7 Large boulder
83  Gravel S8 Bimodal
S$4  Small cobble S9  Bedrock/till
S5 lLarge cobble
Other
BM Benchmark EP Erosion pin
BS Backsight RB Rebar
DS Downstream us Upstream
WDJ  Woody debris jam TR Terrace US
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes:
Version #4 Senior staff sign-off (if required): Checked by: Completed by:
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General Site Characteristics

Project Number:

GEO

S ——
f MORPHIX™

Bank stabilization

Date: 2032~ 1) Stream:
Time: Reach; vaan
Weather: - Location: OBLE B
Field Staff: e ¥m Watershed/Subwatershed: CARDIWRL CRE
Features , Monitoring Site Skzetch Compass
F—— Reach break -0-0-0~ Long-profile |
R Station location L——1 Monumented XS z

*—X Cross-section (©] Monumented photo

> Flow direction l Monumented photo
~AP Riffle direction
> Pool W Sediment sampling ' )
@&K» Sediment bar OIIO Erosion pins vy
HiHiH#  Eroded bank/slope 8 Scour chains culvevds

5 Y -

————— Undercut bank Additional Symbols %_ﬁ - BT s

~> Leaning tree
x-x-x  Fence
1 Culvert/outfall
Swamp/wetland
YVY Grasses
£3 Tree
= Instream log/tree
X X ¥ Woody debris
2% Beaver dam }
QD Vegetated island ¢ ?
Flow Type - ;;:
Hi Standing water H1A Back water iz
H2  Scarcely perceptible flow vd
H3  Smooth surface flow }T‘J:
H4  Upwelling «
H5 Rippled \
H6 Unbroken standing wave b
H7  Broken standing wave
H8 Chute J)
H9  Free fall H9A Dissipates below free fall -
Substrate . ‘ Za N
si sit $6  Small boulder ?9( ,
§2 sand S§7  Large boulder HVPRTED £V, 25N\
s3  Gravel s8 Bimodal % \ é
S4  Small cobble §9  Bedrock/till 1.
S5 Large cobble SECONORRY L
Other : FLoWRE
BM Benchmark EP Erosion pin WiGie¥ 1 a :
BS  Backsight RB  Rebar ?3? -
DS Downstream us Upstream
WD3 Woody debris jam TR  Terrace |
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain Photos:
TOS Top of slope KP Knick point Notes:
Version #4 Senior staff sign-off (if required): Checked by: %{’g Completed by: é §‘v§
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Date: Field Staff: Watershed/Subwatershed:
Time: Stream: UTM (Upstream):
Weather: ¢ 1 Reach: . UTM (Downstream):
Land Use Valley Type n Channel Type Channel Zone 3 Flow Type | . O evi .
g Evidence of Groundwater Location: Photo:
Table 1) | )| (Table 2) N | (Table 3) \d (Table 4) A (Table 5) ) ' un ' oto
Riparian Vegetation j Aquatic & Instream Vegetation l | Water Quality ]
Dominant Type %/q Coverage Channel Widths Age (yrs) Type ‘IZ Woody Debris WD Density Odour Turbidity
(Table 6) O None O1-4 B Timature {<5) (Table 8) 7§ In Cutbank %LOW WDJ/50m: (Table 16) (Table 17)
O Fragmented O 4 - 10 I5( Established (5-30) “®In Channel O Mod L) | a
Encroachment ) Reach )
(Table 7) fb inOntmuous *ﬁi> 10 ‘ﬂMature (>30) Coverage % bo.«@ O Not Present O High
Channel Characteristics '
Sinuosity Type | Sinuosity Degree | Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) §j$ (Table 10) | b 0o0-30 0< 5% Bank ; O O O o O O
Gradient i # of Clianmels gg‘ 30 - 60 7(5 - 30% Riffle O O O O O O O
(Table 11) (Table 12) 60 - 90 0130 - 60% Pool O O O O O O O
Entrenchment Bank Failure ﬁUndercut 060 - 100% _ Bed
(Table 13) | | (Teble 14) ?lg s i poo lzi = L - . O O
Down’s Model Bankfull Indicators |g Bankfull Width 3 . s s
(Table 15) |C (Table 18) / g/§ (m) |40 4D 7| Wetted Width (m) | £} 7 [ e] &
Sed Sortin Sediment Transport i Bankfull Depth ; .
(Table 20% WS Observp; e OYes %\Ao O Not Visible (':“) VLS DUC S Wetted Depth (m) |§) ()¢ o-0% v
Mode-l(-;gglsepsg % of Bed Active / Undercuts (m) ol | g & & Velocity (m/s) 0,%% D ; 23 /
Geomorphic Mass Movement Pool Depth rd s Velocity Estimate |\\/ Wi ~
Units (Table 22) S (Teble 23) b Runs 100 (m) |/~ il g Method | Y2 B “
Riffle-P ; : P Meander Amplitud o
Spa::fing (‘:‘)’: / % Riffles: / % Pools: 7 Riffle Length (m) ,,,f o # eander Ampli ?HS ~ / f
Notes:
-5 CHBNWEL FLE b «55‘:?
—= NI LNIPLE B %w PRT E%
= H0W PrRTHE %E"i "i@
> D%Eﬁ‘w VIR ]
> (AANNET
- M% V€
> {(#e
Photos:
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Rapid Geomorphic Assessment

Project Number: A3 9?(@

Date: 2032— {)-30 Stream:
Time: — Reach:
Weather: CLbup Location:
Field Staff: K Watershed/Subwatershed:
—— __ Geomorphological Indicator Present? Factor
No. |Description Yes No Value
1 |Lobate bar )(
2 |Coarse materials in riffles embedded \9{
Evidence of 3 |Siltation in pools .4
Aggradation 4 |Medial bars K
(AT) 5 |Accretion on point bars p. 8
6 |Poor longitudinal sorting of bed materials }in
7 |Deposition in the overbank zone f‘
Sum of indices =| | ie 0 14d
1 |Exposed bridge footing(s)
2 |Exposed sanitary / storm sewer / pipeline / etc.
3 |Elevated storm sewer outfall(s)
4 |Undermined gabion baskets / concrete aprons / etc.
Evidence of 5 |Scour pools downstream of culverts / storm sewer outlets b
Degradation -
(DI) 6 |Cut face on bar forms y2
7 |Head cutting due to knickpoint migration %
8 |Terrace cut through older bar material }(
9 |Suspended armour layer visible in bank }(
10 |Channel worn into undisturbed overburden / bedrock }(
Sum of indices =| 7} N £.8%%
1 |Fallen / leaning trees / fence posts / etc. )(
2 |Occurrence of large organic debris }4:,
3  |Exposed tree roots b
4 |Basal scour on inside meander bends ‘;{
E\\Il\il(ijdeenr::ii;f 5 |Basal scour on both sides of channel through riffle ~
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. %ﬁw &r’g
7 |Length of basal scour >50% through subject reach
8 |Exposed length of previously buried pipe / cable / etc. :
9 |Fracture lines along top of bank A
10 |Exposed building foundation NI
Sumofindices=| 4 | & |0 .00
1 |Formation of chute(s) g )8
. 2 |Single thread channel to multiple channel b d
Evidence of - - :
Planimetric 3 |Evolution of pool-riffle form to low bed relief form 5 Y
Form 4  |Cut-off channel(s) A
Adjuitlment 5 |Formation of island(s) }*ﬂ
(PD) 6 |Thalweg alignment out of phase with meander form X
7 |Bar forms poorly formed / reworked / removed “}L,
Sum of indices =| Y 3 Os)
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =| [} %2,
In Regime In Transition/Stress |In Adjustment
0 0.00-0.20 ‘d\ 0.21 - 0.40 O 0.41
Version #3 Senior staff sign-off (if required): Checked by: g\ﬁ: Completed by: j@
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GEO

MORPHI X"

Da e x e e P |
t Stream: 1 % i i
Time: Reach:
Weather: Location:
Field Staff: Watershed/Subwatershed:
Category Poor Fair Good Excellent
» < 50% of bank network |« 50-70% of bank network |« 71- T Bank netw « > 80% of bank network
stable stable A stable %| stable
» Recent bank sloughing, « Recent signs of bank " | « Infrequent signs of bank » No evidence of bank
slumping or failure sloughing, slumping or sloughmg, slumpingor | sloughing, slumping or
frequently observed failure fairly common re i failure
« Stream bend areas highly |+ Stream bend areas - Stream-bend &réas-stable - Stream bend areas very
unstable unstable « Odter bank height'o: “6-0., 9 stable
» Outer bank height 1.2 m |« Outer bank height 0.9- f,m above stream bank (1. - Height < 0.6 m above
above stream bank 1.2 m above stream 1.5 m above stream bank ; stream (< 1.2 m above
(2.1 m above stream bank . for large mainstem areas) stream bank for large
bank for large mainstem (1.5-2.1 m above stream |% Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large mainstem e « Bank overhang < 0.6 m
- Bank overhang > 0.8-1.0 areas) i SRR
Channel m « Bank overhang 0.8-0.9m
Stability - Young exposed tree roots |« Young exposed tree roots | . Exposed tree roots « Exposed-tréeoats, old,
abundant common predominantly old and ,~large and woody
« > 6 recent large tree falls |« 4-5 recent large tree falls | large, smaller young roots /|« Generally 0-1 recent large \
per stream mile per stream mile scarce tree falls per stream mile /
« 2-3 recent large tree falls& L
per stream mile wl
- Bottom 1/3 of bank is - Bottom 1/3 of bank is - Bottom 1/3 of bank is . Bonom&ﬁ%nk is
highly erodible material generally highly erodible generally highly resistant ,gEnera!Iy highly rmgik?faﬁt&
» Plant/soil matrix severely material plant/soil matrix or material || plant/soil matrix or materT?l
compromised « Plant/soil matrix : /
compromised \ o
. Channel cross-section is _|.~~Channel cross- s“‘ecR?ﬁS - Channel cross-section is . Channek-cross=saction is
generally trapezoidally- { generally trapezoudally— generally V- or U-shaped generally V- or U-shaped
shaped k.. Shaped B o’
Point range OO0 O1 O 2 O3 04 O5 EI6EJ7\E{,8 O 9 O 10 O 11
« > 75% embedded (> » 50-75% embedded (60- |+ 25-49% embedded (35- » Riffle embeddedness <
85% embedded for large 85% embedded for large 59% embedded for large 25% sand-silt (< 35%
g\? gwg mainstem areas) mainstem areas) mainstem areas) embedded for large
mainstem areas)
- Few, if any, deep pools » Low to moderate number |« Mod « High number of deep pools
« Pool substrate of deep pools ools (> 61 cm deep)
composition >81% sand- |. Pool substrate « Pool substrate composmon ,j (> 122 cm deep for large
silt composition 30-59% sand-silt mainstem areas)
60-80% sand-silt « Pool substrate composition
<30% sand-silt
ch | » Streambed streak marks |+ Streambed streak marks |. Streambed streak marks wﬁ*?’@ff—eambed streak'm
s anpe/ and/or “banana”-shaped and/or “banana”-shaped and/or “banana”- -shaped | and/or “banana”-shape
ch?rmgt sediment deposits sediment deposits sediment deposits sediment deposi ent
D:pcgi‘gon common common uncommon
« Fresh, large sand « Fresh, large sand « Fresh, large sand deposits | . Freshytafge sand deposi
deposits very common in deposits common in uncommon in channel “fare or absent from channel
channel channel » Small localized areas of /| . No evidence of fresh 4
- Moderate to heavy sand |« Small localized areas of fresh sand deposits along sediment deposition or
deposition along major fresh sand deposits along | top of low banks ~~overbank .. oo il
portion of overbank area top of low banks
« Point bars present at » Point bars common, « Point bars small and stable, | Point-bars few;small.and
most stream bends, moderate to large and well-vegetated and/or ) stable well-vegetated
moderate to large and unstable with high armoured with little or no  { and/or armoured with littl
unstable with high amount of fresh sand fresh sand “~ar.no.fresh sand
amount of fresh sand
Point range Ooo o1 0O 2 0o 3 0O 4 0O 5 O 6 \;(i7l:l8
Version #2 Senior staff sign-off (if required): ____ Checked by: ‘E__ Completed by: _@L
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7

[pate | 903%-11-30 [P 22070 Loca
Category Poor Fair Good
. Wetted perimeter < 40% |+ Wetted perimeter 40- . Wetted perimeter 61-85%
of bottom channel width 60% of bottom channel of bottom channel width
(< 45% for large width (45-65% for large (66-90% for large
mainstem areas) mainstem areas) mainstem areas)
- Dominat bitat | « Few pools present, riffles | « Good mix between riffles, . Riffles, runs and pool
g:pe"(ﬁsually runs;aﬁd\ and runs dominant. runs and pools habitat present
Ay one velocity and depth¥| . Velocity and depth . Relatively diverse velocity . Diverse velocity and depth
condition (slow and ‘g generally slow and and depth of flow of flow present (i.e., slow,
j shallow) (for large / shallow (for large fast, shallow and deep
mainstem areas, few /| mainstem areas, runs water)
| riffles present, runs and« and pools dominant,
pools dominant ,\Lelﬁ&ty velocity and depth
\anddeaﬂ'r'd’ﬁfé’l{smy low) diversity intermediate)
« Riffle substrate « Riffle substrate « Riffle substrate . Riffle substrate
NO : composition: composition: composition: good mix of composition: cobble,
\'Z\‘?T(‘é% predominantly gravel predominantly small gravel, cobble, and rubble gravel, rubble, boulder mix
Physical with high amount of sand | cobble, gravel and sand material with little sand
Instream o < 5% cobble « 5-24% cobble » 25-49% cobble « > 50% cobble
Habitat [ Riffle depth < 10 cm for |« Riffle depth 10-15 cm for |« Riffle depth 15-20 cm for |+ Riffle depth > 20 cm for
wWo large mainstem areas large mainstem areas large mainstem areas large mainstem areas

OAFS

NJh

|+ Large pools generaliy>=<—|
30 cm deep (< 61 cm for
large mainstem areas) .
and devoid of ove;;};wad‘“f
Ci ure

°

s

Large pools generally 30-
46 cm deep (61-91 cm
for large mainstem
areas) with little or no
overhead cover/structure

Large pools generally 46-61
cm deep (91-122 cm for
large mainstem areas) with
some overhead
cover/structure

Large pools generally > 61
cm deep (> 122 cm for
large mainstem areas) with
good overhead
cover/structure

» Extensive channel
alteration and/or point
bar
formation/enlargement

Moderate amount of
channel alteration and/or
moderate increase in
point bar (
formation/enlargement

Wt of chann

" alteration and/or slight
increase in point bar

formation/enlaw

R

No channel alteration or
significant point bar
formation/enlargement

o

«/Kiffle/P&6T ratio 0.49:1 ;
>1.51:1 )

Riffle/Pool ratio 0.5-
0.69:1; 1.31-1.5:1

« Riffle/Pool ratio 0.7-0.89:1
;1.11-1.3:1

« Riffle/Pool ratio 0.9-1.1:1

. Summer afternoon water
temperature > 27°C

Summer afternoon water
temperature 24-27°C

« Summer afternoon water
temperature 20-24°C

« Summer afternoon water
temperature < 20°C

Point range

oo o1 0 2

Oo5 0O 6

ﬁ3m4

oz O 8

Water Quality

« Substrate fouling level:
High (> 50%)

Substrate fouling level:
Moderate (21-50%)

. Substrate fouling level:
Very light (11 20%)

(

e T
"+ Substrate fouling leve!:)).
(+]

Brown colour
TDS: > 150 mg/L

Grey colour

:”Silghﬂy grey colour

TDS: 101-150 mg/L

FP&+=50=100 g/t

« Clear flow
. TDS: < 50 mg/L

Objects visible to depth
< 0.15m below surface

Objects visible to depth
0.15-0.5m below surface

. 'bJects visible to depth, 7

« Objects visible to depth
> 1.0m below surface

Moderate to strong
organic odour

Slight to moderate
organic odour

’S'Tlght organlc odour i
¢ -

. No odour

Point range oo o1 0O 2 o3 O 4 DSRG L'J7E|8
» Narrow riparian area of » Riparian area - Forested buffer generally o Wi B0 M) Hatur:
mostly non-woody predominantly wooded > 31 m wide along major orested buffer along b
. i vegetation but with major localized portion of both banks ba ks
Riparian aps
Habitat — 9ap
Conditions _j=€anopy coverage. . . Canopy coverage: 50- . Canopy coverage: . Canopy coverage:
\ <50% shading (30% fo 60% shading (30-44% 60-79% shading (45-59% >80% shading (> 60% for
large mainstem areas) | forlarge mainstem for large mainstem areas) large mainstem areas)
I cmcmamsae areas)
Point range oo o1 o2 O3 *7(41:5 06 O 7
Total overall score (0-42) = Poor (<13) Fair (13-24) ( Good (25-34) Excellent (>35)
e e Y
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General Site Characteristics Project Number:

Date: 1012.09-12 Stream: { Qo 1) | (.10 :'\
Time: s Reach: R2A

Weather: Y Location: 0 (YeQ

Field Staff: "M S Watershed/Subwatershed: oL a J k

Features Monitoring Site Sketch LB
f=—— Reach break -0-0-0~ Long-profile
R station location I—1 Monumented XS DeOUKR PooL
*—X Cross-section @ Monumented photo 7-5m
—> Flow direction i Monumented photo N PERCHE
A Riffle direction ) ) PATH. v
> Pool W Ssediment sampling Y il c
@%» Sediment bar OIOO  Erosion pins -uc
it Eroded bank/slope 8 Scour chains NG -
————— Undercut bank Additional Symbols f oy *‘,{ 7/_
BXZXXd Bank stabilization |, 7. o Mk -> [T % Xo 9
> Leaning tree " TATEER , » \ ;’ (A
%% Fence // Y
L1 Culvert/outfall P ‘ L ¢ (Tt 5-10 ™M _
Swamp/wetland 8)! v / -FE K T(PRY)
YVVY Grasses & ~
€3 Tree = o
@ Instream log/tree /
X X ¥ Woody debris , L T
% Beaver dam \
& D  Vegetated island - ST |
Flow Type - z _ g
H1i Standing water H1A Back water f
H2  Scarcely perceptible flow
H3  Smooth surface flow’
H4  Upwelling
H5 Rippled
H6  Unbroken standing wave
H7  Broken standing wave J
H8 Chute 5
H9  Free fall H9A Dissipates below free fall i
Substrate
S1  Silt S6 Small boulder
S$2 Sand S§7  Large boulder
S§3  Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till
S5 Large cobble T > |
Other WD P Ws
BM Benchmark EP Erosion pin NETTLE M )
BS  Backsight RB  Rebar ) |
DS Downstream us Upstream )
WDJ  Woody debris jam TR Terrace ' R ,‘",;'7.\3' [ J | l |
VWC Valley wall contact FC Flood chute \/k(_)
BOS  Bottom of slope FP Flood plain Photos:
TOS Top of slope KP Knick point Notes:
PTA WL ELEVATION (3 il
Version #4 Senior staff sign-off (if required): Checked by: Completed by:

Last edited: 21/02/2023

Page % of _|



rachela
Textbox
R2A


GEO

MORPHIX"

Reach Characteristics Project Number: 250 T«
Date: A0R3 =D 12 Field Staff: b mkS Watershed/Subwatershed: | (0iiol | nell (Cpeel
Time: : s AM Stream: Cowginal (ree¥ -1ub UTM (Upstream):
Weather: SUNN {, Reach: R2A UTM (Downstream):
Land Use Valley Type | ) Channel Type Q Channel Zone ., | Flow Type ( ; .
4 O evidence of Groundwater Location: Photo:
(Table 1) | (Table 2) 2. (Table 3) S | (Table 4) O | (tables) || i ho
Riparian Vegetation ' ‘ Aquatic & Instream Vegetation W\later Quality
pominant Type |y 13)y Coverage Channel Widths  Age (yrs) Type i Woody Debris WD Density ) odour Turbidity
(Table 6) ' " 1 o None O1-4 O Immature (<5) (Table 8) O In Cutbank [ Low WD3/50m: (Table 16) (Table 17)
O Fragmented (34 - 10 I Established (5-30) I In Channel ﬁ Mod -2 ' A “7
Encroachment 3 i ! / Reach | / S ) ! —
(Table 7) E;{Contmuous > 10 # Mature (>30) Coverage % | & > | O Not Present O High
Channel Characteristics ’
Sinuosity Type q/ Sinuosity Degree 7 Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) (Table 10) | * 0o-30 0 < 5% Bank w O O O ] O O
Gradient L # of Channels % %30 - 60 05 - 30% Riffle pz] O i O O O O
(Table 11) (Table 12) | ' B 60 - 90 030 - 60% Pool B ] O O O O a
Entrenchment | <) Bank Failure |1, |7 "o Undercut 60 - 100% (fno rifﬂeﬁﬁ)ﬂ = O ® 5 0 O 0
(Table 13) | © (Table 14) |™ ™ ) | momhobay) g7 XSS oy %S 2 %83
Down'’s Model RV Bankfull Indicators Bankfull Width 2 - = . F AA
(Table 15) div (Table 18) m | Z s 2.5 | Wetted Width (m) |[,|2 0.(75 .
Sed Sorting | U} Sediment Transport o Bankfull Depth - P . .
(Table 20) i Observed? o Y€ EI{NO [ Not Visible (m) |0:50 0:olo 0AT | Wetted Depth (m) 10.04 010372 0.028
Transport Z : aine i < il N )
Mode (Table 21) ) % of Bed Active |\ | Undercuts (m) /\//l N ﬂ '5\, é‘v\; Velocity (m/s) 0.2 0 g;,
Geomorphic |« j7 Mass Movement | | Pool Depth i D5 yelocity Estimate |
Units (Table 22) | ! “F (Table 23) | | (m) | 0195 0,095 0.29|xs? Method
Riffle-Pool |2 _iT . L 1K .S . Meander Amplitude i o
Spacing (m): 5-19 % Riffles: |’/ % Pools: | &) | Riffle Length (m) {CJ NA G (m) NA ? ‘

Notes: T wo {HMSTORIC PATH RINGS wW(IN R2A | “u OUTFLANKE D /UNDERMINED CULVE ;:a:r..a,\ FLow SEEMS T TRaVEL

WNTEASTITALLY (N XING EMBANKMENT SUBSTRATE (Vo POGLING US), VALEY BOTIONM 'S APFROX 1015 M

AWDE , FLAT D MEANDERING CHANNEL + GRASSY VEG MA BRGNS . MULTIPLE AW THROWUGH LT PeEACH . SLOPE

AILMAE | (MESD Lowmw \W/IN THIS  REACH.

Vo D05 Vo D=t V, D=lm
T, A% T, - @,ﬁgs Ti=3%05
Photos:
Version #4 Senior staff sign-off (if required): Checked by: Completed by:

Last edited: 04/04/2023



rachela
Textbox
R2A

kelseys
Textbox
R2A


Rapid Stream Assessment Technique

Project Number:

GEO

MORPHIX"

Date: N A Stream: Fi i1k
Time: Reach:
Weather: Location: '
R |
Field Staff: Watershed/Subwatershed: roygundd oy
Category Poor Fair Good Excellent

. < 50% of bank network |+ 50-70% of bank network |+ 71-80% of bank ne ofk | 0% of bank network
stable stable stable /

. Recent bank sloughing, . Recent signs of bank . Infrequent signs lof bank nce of bank
slumping or failure sloughing, slumping or sloughing, slumpirg or sloughing, slumping or
frequently observed failure fairly common failure i

. Stream bend areas highly |« Stre . Stream bend areas stable . Stream bend areas very
unstable able . Outer bank height 0.6-0.9 stable

. Outer bank height 1.2 m |+ Outer bank height 0.9- m above stream bank (1.2- |« Height < 0.6 m above
above stream bank 1.2 m above stream 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream bank for large mainstem areas) stream bank for large
bank for large mainstem (1.5-2.1 m above stream j . Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large mainstem . Bank overhang < 0.6 m

. Bank overhang > 0.8-1.0 eas)

Channel m . Bank overhang 0.8-09m
Stability . Young exposed tree roots |- Young mpwcd‘tée root Exposed tree ro . Exposed tree roots old,
abundant predominantly old an large and woody

. > 6 recent large tree falls [ 4-5 recent large tree e, smaller young rogts |« Generally 0-1 recent large
per stream mile er stream mile scarce tree falls per stream mile

. 2-3 recent large tree falls
per stream mile

. Bottom 1/3 of bank is . Bottom. 1/3 of bank is . Bottom 1/3 of bank is
highly erodible material gene:a‘lb\yri]ghly resistant generally highly resistant

. Plant/soil matrix severely plant/soil matrix or material plant/soil matrix or material
compromised //

. Channel cross-section is Channel cross-section . Channel cross-section is . Channel cross-section is
generally trapezoidally- generally trapezoidally generally V- or U-shaped generally V- or U-shaped
shaped aped

Point range oo o102 o3 o4 K5 D6 07 O8 oo O 10 0O 11

» > 75% embedded (> . 50-75% embedded (60- embedded (35- . Riffle embeddedness <
85% embedded for large 859% embedded for large | 59% embedded for large 25% sand-silt (< 35%
mainstem areas) mainstem areas) mainstem areas) embedded for large

mainstem areas)

. Few, if any, deep pools deraté ber |+ Moderate number of deep « High number of deep pools

« Pool substrate deep pools pools (> 61 cm deep)
composition >81% sand- |/ Pool substrate . Pool substrate composition (> 122 cm deep for large
silt composition 30-59% sand-silt mainstem areas)

60-80% sand-silt « Pool substrate composition
<30% sand-silt
Charnnel k% ed streak m . Stre%beel—streﬁﬁarks . Streambed streak marks . Streambed streak marks
Scouring/ and/gr “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Se dimegt sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition LOmInon | _common uncommon
resh; « Fresh, large sand . Fresh, large sand deposits |- Fresh, large sand deposits
deposits very common | deposits common in uncommon in channel rare or absent from channel
channel channel . Small localized areas of . No evidence of fresh
Moderate to heavy sand |+ Small localized areas of fresh sand deposits along sediment deposition on
osition along major fresh sand deposits along | top of low banks overbank
ion of overbank ar top of low banks

L« Point S present a » Point bars common, . Point bars small and stable, |« Point bars few, small and
most stream bends, \ moderate to large and well-vegetated and/or stable, well-vegetated
moderate to large and || unstable with high armoured with little or no and/or armoured with little
unstable with high amount of fresh sand fresh sand or no fresh sand
a f fresh sand "

Point range DODI“Z O3 0 4 05 06 o7 0O 8
7
Version #2 Senior staff sign-off (if required): Checked by: Completed by:
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MORPHI X"

[pate: [ 1\ 1772 - len: 0N
Category Poor Fair Excellent
+ Wetted perimeter < 40% |. Wetted periméter 46- « Wetted perimeter > 85% of
of bottom channel width 60% of bottom channel bottom channel width (>
(< 45% for large width (45-65% for large 90% for large mainstem
mainstem areas) mainstem are§sg\ areas)
» Dominated by one habitat | « Few pools present, Fi es-«@ﬁiﬁ%ﬁ{between « Riffles, runs and pool
type (usually runs) and and runs dominant. /| runs and pools habitat present
by one velocity and depth | . Velocity and depth / - Relatively diverse velocity '\« Diverse velocity and depth
condition (slow and generally slow and | and depth of flow of flow present (i.e., slow,
shallow) (for large shallow (for large fast, shallow and deep
mainstem areas, few mainstem areas, runs\ water)
riffles present, runs and and pools dominant,
pools dominant, velocity velocity and depth
and depth diversity low) diversity intermediate) -
- Riffle substrate « Riffle substrate. " “ Riffle-substrate - Riffle substrate
composition: composition: / compositien: good mix of composition: cobble,
predominantly gravel predominantly small gravel, cobble, and rubble gravel, rubble, boulder mix
Physical with high amount of sand cobble, grave\ and sand material// with little sand
Instream o < 5% cobble » 5-24% cobble™- |+ 25-49% cobble « > 50% cobble
Habitat

. Riffle depth < 10 cm fo
a instem area

Riffle depth 10-15 cm for
large mainstem areas

°

Riffle depth 15-20 cm for
large mainstem areas

Riffle depth > 20 cm for
large mainstem areas

-[I:&'g“ 3 ly <
30 cm deep (< 61 cm

large mainstem areas)
d devoid of overhead

Large pools generally 30-
46 cm deep (61-91 cm
for large mainstem
areas) with little or no
overhead cover/structure

Large pools generally 46-61
cm deep (91-122 c¢m for
large mainstem areas) with
some overhead
cover/structure

L]

Large pools generally > 61
cm deep (> 122 cm for
large mainstem areas) with
good overhead
cover/structure

(|

-+ Exténsive channel \’\
o

alteration and/or point

bar )
rmation/enlargement /

A

o,

Moderate amount of
channel alteration and/or
moderate increase in
point bar
formation/enlargement

Slight amount of channel
alteration and/or slight
increase in point bar
formation/enlargement

No channel alteration or
significant point bar
formation/enlargement

« Riffle/Pool ratio 0.49:1 ;
=1.51:1

Riffle/Pool ratio 0.5-
0.69:1; 1.31-1.5:1

=
°

~S1.11-1.3:1

Riffle/Pool ratio 0.7-0.89

3

Riffle/Pool ratio 0.9-1.1:1

Summer afternoon water
temperature > 27°C

Summer afternoon water
temperature 24-27°C

Summerafternoon-water

temperature 20-24°C

Summer afternoon water
temperature < 20°C

Point range

0o o1 02

%3[!4

O5 0O 6

O 7 O 8

Substrate fouling level:
High (> 50%)

Substrate fouling level:
Moderate (21-50%)

Substrate fouling level:
Very light (11-20%)

Substrate foulmg levelx,

‘Ro\ck underside (0- ],0%)

Brown colour
» TDS: > 150 mg/L

Grey colour
TDS: 101-150 mg/L

°

Slightly grey colour
TDS: 50-100 mg/L

LN

_TDS: < 50 mg/L

.

Clear flow” ™~
4»‘/(/

Water Quality

Objects visible to depth
< 0.15m below surface

Objects visible to depth
0.15-0.5m below surface

ObJects visible to depth\
“0.5-1.0m below surface )

Objécts visible to depth
> 1.0m below surface

Moderate to strong
organic odour

Slight to moderate
organic odour

Slight oFganic-edouf

No odour

}i 7 D”éﬂ’

Point range 0o o102 O3 O 4 O5 O 6
« Narrow riparian area of « Riparian area « Forested buffer generally /7 . Widié**('> 60 m) mature
mostly non-woody predominantly wooded > 31 m wide along major ( forested buffer along both
o vegetation but with major localized portion of both banks banks
Riparian S~ /
! gaps .
Habitat —
Conditions « Canopy coverage: - Canopy coverage: 50- » Canopy coverage:— -~
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59%
large mainstem areas) for large mainstem for large mainstem areas)
areas) S~
Point range Do o1 o2 03 o405 | Be o7z
Total overall score (0-42) = /01\ ?} Poor (<13) \L Fair (13-24) T\ Good (25-34) Excellent (>35)
- v

Version #2
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Project Number:

GEO

M ORPHIX”

Rapid Geomorphic Assessment

Date: L O 4-\2 Stream: rog b~
Time: Reach:
Weather: NN, 280 Location:
Field Staff: | '/ Watershed/Subwatershed: nwal (el |«
— Geomorphological Indicator Present? Factor
No. |Description Yes No Value
1 |Lobate bar X
2 |Coarse materials in riffles embedded i
Evidarice of 3 |siltation in pools 253
Aggradation 4 [Medial bars 0 7
(AD) 5 |Accretion on point bars
6 |Poor longitudinal sorting of bed materials
7 |Deposition in the overbank zone A
Sum of indices = {Q i
1 |Exposed bridge footing(s)
2 |Exposed sanitary / storm sewer / pipeline / etc.
3 |[Elevated storm sewer outfali(s)
4 |Undermined gabion baskets / concrete aprons / etc. )
gvidence‘of 5 |Scour pools downstream of culverts / storm sewer outlets X NS00
egradation 7 ¥,
(DI) 6 |Cut face on bar forms A -
7 |Head cutting due to knickpoint migration A
8 |Terrace cut through older bar material )<
9 |suspended armour layer visible in bank . /<
10 |Channel worn into undisturbed overburden / bedrock /\X
Sum of indices = .‘f',: 2
1 |Fallen / leaning trees / fence posts / etc. )K’
2 |Occurrence of large organic debris :’(
3 |Exposed tree roots ;"\
4 |Basal scour on inside meander bends z\f‘& N
Ew?:;rﬁi;f 5 |Basal scour on both sides of channel through riffle X N ST
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. '
7 |Length of basal scour >50% through subject reach A
8 |Exposed length of previously buried pipe / cable / etc. NIF
9 |Fracture lines along top of bank A
10 |Exposed building foundation N A
Sum of indices =| (© ]
1 |Formation of chute(s) K
. 2 |Single thread channel to multiple channel >(
Evidence of - >
Planimetric 3 |Evolution of pool-riffle form to low bed relief form X .
Form 4  |Cut-off channel(s) X v
Adju(f)tlr;went 5 |Formation of island(s) . X
6 |Thalweg alignment out of phase with meander form X
7 |Bar forms poorly formed / reworked / removed ,X
“Sum of indices =| S 003
Notes: . ¢ TN 1% Stability Index (SI) = (AL+DI+WI+PI)/4 =|
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20| O 0.21-0.40 ‘B 0.41
Version #3 Senior staff sign-off (if required): Checked by: Completed by: £ ViKY
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Reach Characteristics

230730

PrOJect Number:

Date: e«ﬁi ;{} - Field Staff: A Watershed/Subwatershed: k Mird '}
Time: 1200 Stream: 00 £ -1 | UTM (Upstream):
Weather: Cynin N { Reach: UTM (Downstream):
Land Use Valley Type Channel Type & Channel Zone 7 Flow Type i ‘ . .
S y 3 Evid of G dwater Lo : Photo:
(Table 1) | (Table 2) (Table 3) D | (Table 4) 2 | (Table 5) i ISR 5 BraangpEr osapon e
l Riparian Vegetation : ‘ ] Aquatic & Instream Vegetation J Water Quality
Dominant Type j u Coverage Channel Widths Age (yrs) Type % Woody Debris WD Density Odour Turbidity
(Table 6) i " | O None 01-4 0 Immature (<5) (Table 8) %In Cutbank O Low WD1/50m: (Table 16) (Table 17)
I — OFragmented T¥4-10  MEstablished (5-30) In Channel “Gf-Mod -2 \ e
(Table 7) g‘ @Continuous ‘ﬁg 10 ﬁMature (>30) Cover:::iz ii:“: O Not Present 0 High
Channel Characteristics 7
Sinuosity Type IZ Sinuosity Degree Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) S (Table 10) ’9\ 0oo-30 O < 5% Bank B O O O O O g
Gradient | ~ # of Channels 030 - 60 o5 - 30% Riffle J O O O O O 0
radient |, IZ \
(Table 11) | &= (Table 12) ¥ 60 - 90 0130 - 60% Pool b O O O O | O
i U 60 - 100% Bed
Entreprcgpe;gt ‘ Ban(!‘(_ I;alnlt;ze) LQ!Z ‘% ndercut ?\ o (o rime“;d & ) O O Eﬂ O O O
(Table 13) able RS morphology)ys.y %j_",:‘} XSt e 2 AS3
Down’s Model Bankfull Indicators ) Bankfull Width | . . & & ..
(Table 15) Cl f\) (Table 18) sl m)| 2 5 3.5 | Weasdwidth () | 0,50 0:%7 !

Sed Sorting Sediment Transport st Bankfull Depth 2 . p " p— -
(Table 20) L} Observed? O Yes #l}lo [ Not Visible (m) 0565 [ % O} Wetted Depth (m) |0.0)4] 0475 0.07
Transport |/ - il1a . TS iy _

Mode (Table 21) | O % of Bed Active !i\éé m Undercuts {(m) NA =) 0.0 Velocity (m/s) | 0.5 0.23FH 0.2%

Geomorphic || Mass Movement Pool Depth |~ 4 |, ., |p5  Velocity Estimate |W!FTLE <

Units (Table 22) S@!\‘)g% (Table 23) | ) (m) |0A2 1 |0135 020 |xs3 Method | =Ll \ \\
Riffle-Pool . . a M der Amplitud
Spa::in: (:3: L10m % Riffles: | 75 | % Pools: | 5 (5 | Riffle Length (m) | 9.5 |rs1 | NA 2 EalREr ARk ?m(; +
Notes: RECENT L] DRAIED BEAVER ¥YonD AT DS EXTENT of Reptu WHERE R3 MEETS
V. DM Vo, Dv =M Va Df VA c T4 . VALLEY BoToM FLAT APPR f‘\s‘p 20m A D& 1\ 707 T LAx ED LAY
=268 =4,22S 235 | CREEK CutTindta MEANDERING THROUWGH RECENTLY EYPC ':»‘ ) SUWSSTRATE

SLoPE FalLw e 2 (S L(( MED w/rrJ - R3 . AROUND SLoOPE e/‘u.m,s: 2 VALLEN |5 NARROW 1 v!fz»f 1IN

CONTRCT W vw ON FAGHT SIDE. EXTREME TREE FALL ACROSS CUANNEL WS + DS AROUND St Z . wmf | BOTTOM
EXTREMEL I DIFFIRWT T0 TRAWERSE, BED IS MATORITY C‘Lﬁ‘g T _SoME GRAVEL (20/ 20‘)

Photos:

Version #4 Senior staff sign-off (if required): Checked by: Completed by: WV] 1 ES
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GEO

M ORPHIX"

Rapid Stream Assessment Technique Project Number:
Date: 1073 -0 Stream: Col Ly ety (1
Time: Reach: R3
Weather: L Location: )Y
Field Staff: Watershed/Subwatershed: "oy ol f B
Category » Poor Fair Good Excellent
« Z 50% of bank « 50-70% of bank network |. 71-80% of bank network « > 80% of bank network
| stable stable stable stable
. Recent bank sloughing, « Recent signs of bank . Infrequent signs of bank « No evidence of bank
lumping or failure ) sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently observed / failure fairly common failure failure
- Strearw 5 highly | Stream bend areas . Stream bend areas stable . Stream bend areas very
upistable unstable » Outer bank height 0.6-0.9 stable
« Quter bank height 1.2 « Outer bank height 0.9- m above stream bank (1.2- |+ Height < 0.6 m above
bove stream bank 1.2 m above stream 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream bank for large mainstem areas) stream bank for large
ank for large mainstem (1.5-2.1 m above stream |« Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large mainstem « Bank overhang < 0.6 m
« Bank.verhang > 0.8-1. areas)
Channel m » Bank overhang 0.8-0.9m
Stability « Young exposed tree roots prosed tre&xoots | « Exposed tree roots « Exposed tree roots old,
abundant common predominantly old and large and woody
. > 6 recent large tree falls |\« 4-5 recent large tree falls | large, smaller young roots | . Generally 0-1 recent large
per stream mile er stream mile scarce tree falls per stream mile
B « 2-3 recent large tree falls
% per stream mile
- 1/3 of bank is « Bottom 1/3 of bank is » Bottom 1/3 of bank is
generally highly erodible generally highly resistant generally highly resistant
. material plant/soil matrix or material | plant/soil matrix or material
« Plant/soil/matrix
coMised y
. Wcross—section is |« Channel cross-section is « Channel cross-section is
generally trapezoidally- generally V- or U-shaped generally V- or U-shaped
shaped”’
Point range — T 3 04 05 d 6--0-7 -0-8 O9 O 10 O 11
« > 75% embedded (> « 50-75% embedded(60- |. 25*49% embedded (35- « Riffle embeddedness <
85% embedded for large 85% embedded for large 59% ermbedded for large 25% sand-silt (< 35%
mainstem areas) mainstem area mainstem\areas) embedded for large
mainstem areas)
. Few, if any, deep pools . koWt moderate numpber | . Moderate number of deep |« High number of deep pools
- Pool substrate of deep pools pools (> 61 cm deep)
composition >81% sand- |. Pool substrate « Pool substrate composition (> 122 cm deep for large
silt composition 30-59% sand-silt mainstem areas)
0-80% sand-silt / » Pool substrate composition
-~ <30% sand-silt
Channel . ﬁtrééf@%d’é?r?eak marks™ . Streambed streak marks | Streambed streak marks - Streambed streak marks
e and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Se dime?}t sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition mmon / common uncommon
= Fresh, large sard 3 » Fresh, large sand - Fresh, large sand deposits |. Fresh, large sand deposits
deposits very common | deposits common in uncommon in channel rare or absent from channel
channel - Small localized areas of W'Nb'e\ménte”oﬁresh\

« Small localized areas of fresh sand deposits along sediment deposition on
deposition along major fresh sand deposits along | top of low banks %//
portion of overbank area top of low banks - '

. POIRE bars pr t » Point bars common, . Point bars small and stable, |« Point bars few, small and
most stream bends, moderate to large and well-vegetated and/or stable, well-vegetated
\ moderate to large and unstable with high armoured with little or no and/or armoured with little
unstable with high amount of fresh sand fresh sand or no fresh sand
\Emo.mg_gf fresh sand
Point range Do O1 0O 2 ﬁ3|:|4 OS5 06 o7 o8
Version #2 Senior staff sign-off (if required): Checked by: Completed by: ‘5
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oate | )00 ey | I Locat (veey |
Category Poor Fair Good Excellent
o Wetted perimeter < 40% | . Wetted perimeter.40- i » Wetted perimeter 61-85% | . Wetted perimeter > 85% of
of bottom channel width 60% of bottom/channel of bottom channel width bottom channel width (>
(< 45% for large width (45-65% for large (66-90% for large 90% for large mainstem
mainstem areas) mainstem area mairistem areas) areas)
- Dominated by one habitat |« Few pools present, riffles '-'kgo“da:m%x’ﬁetwe‘émqfﬂes, « Riffles, runs and pool
type (usually runs) and and runs dominant. jffuns’and pools AN habitat present
by one velocity and depth | . Velocity and depth «[Relatively diverse velocity » Diverse velocity and depth
condition (slow and generally slow and jland depth of flow N\ of flow present (i.e., slow,
shallow) (for large shallow (for large | fast, shallow and deep
mainstem areas, few mainstem areas, runs \\ \ water)
riffles present, runs and and pools dominant, \
pools dominant, velocity velocity and depth \,
and depth diversity low) diversity intermediate) N
« Riffle substrate « Riffle substrate e RiFﬂ3§uB§ﬂzm~~*/" - Riffle substrate
composition: composition: compoéitipn: good mix of composition: cobble,
predominantly gravel predominantly small gravel, cobble, and rubble gravel, rubble, boulder mix
Physical with high amount of sand cobble, gravel anthsand material~ with little sand
Instream « < 5% cobble o 5-24% cobble ~ete-25-49% cobble « > 50% cobble
Habitat « Riffle depth < 10 cm for ﬂzﬁ@éﬁﬁo-w cmfoc | - Riffle depth 15-20 cm for | . Riffle depth > 20 cm for
large mainstem areas rge mainstem areas large mainstem areas large mainstem areas
+ Large pools generally < |+ Large pools generally 30- A:’T.?rge\@ols generally 46-61 | » Large pools generally > 61
30 cm deep (< 61 cm for 46 cm deep (61-91 cm cm deep (91-122 cm for cm deep (> 122 cm for
large mainstem areas) for large mainstem large mainstem areas) with large mainstem areas) with
and devoid of overhead areas) with little or no some overhgad good overhead
cover/structure overhead cove tructure | cover/structure cover/structure
W . Moderate amount of = Slight amount of channel « No channel alteration or
alteration and/or poin channel alteration and/or | alteration and/or slight significant point bar
bar R moderate increase in increase in point bar formation/enlargement
formation/enlargement point bar formation/enlargement
/I formation/enlargement
. Riffle/mtmml ; |« Riffle/Pool ratio 0.5- iffle ool ratio 0.7-0:89:1 |. Riffle/Pool ratio 0.9-1.1:1
21.51:1 0.69:1; 1.31-1.5:1 7.1.11-1.3:1
2\ ﬁ « Summer afternoon water |. Summer afternoon water |« Summer afternoon water » Summer afternoon water
N temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C
Point range oo O1 0 2 D3/N4 OS5 0O 6 O 7 0O 8
« Substrate fouling level: - Substrate fouling level: - Substrate fouling level: «-SUbstrate fouling l:
High (> 50%) Moderate (21-50%) Very light (11-20%) ock underside (0-109
« Brown colour « Grey colour « Slightly grey colour . CM//%
Water Quality | TDS: > 150 mg/L « TDS: 101-150 mg/L - TDS:-50-100-mg/L ¢ TDS: < 50 mg/L _—
Y « Objects visible to depth - Objects visible to depth 4 Objects visible to deprffh”\; fbbjects‘\??”s"iﬁléw'to depth
< 0.15m below surface 0.15-0.5m below surface |\ 0.5-1.0m below surface_’ > 1.0m belew-surface
« Moderate to strong - Slight to moderate . Sﬁﬁﬁt"ﬁrganif odour {« No odour )
organic odour organic odour N )
Point range ODo o1 0o 2 O3 o a Os5 O e )5(7 O s

°

e e .
« Narrow riparian area of « Riparian area Forested buffer generally ide ('; 60 m) mature™._

mostly non-woody predominantly wooded > 31 m wide along major forested buffer along both
e S vegetation but with major localized portion of both banks banks /
Riparian gaps — -
Habitat et
Conditions » Canopy coverage: « Canopy coverage: 50- - Canopy coverage: ﬂf”CaDe‘f)”’f"&coverage: '“‘w.\
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% >80% shading (> 60% for
large mainstem areas) for large mainstem for large mainstem areas) large mainstem areas)
areas) /
Point range oo o1 Oz o3 o4 Os M\n-ms«»%f‘f"'
Total overall score (0-42) = )% Poor (<13) (| Fair (13-24) ) Good (25-34) Excellent (>35)
Version #2 Senior staff sign-off (if required): Checked by: Completed by: M

Last edited: 10/02/2023
Page 2 of 2



GEO

e USRS
MORPHIX™

Rapid Geomorphic Assessment

Date:

Project Number: ‘1l 4 )=} (g

e Sl U4 Stream: Cont CUYIOA €} 1o
Time: Reach: : R3
Weather: Location: i
Field Staff: CM [ES Watershed/Subwatershed: { { rveek
Geomorphological Indicator Present? Factor
Process ——
No. |Description Yes No Value
1 |Lobate bar X
2 |Coarse materials in riffles embedded X
Evidence of 3 |siltation in pools X
Aggradation 4  |Medial bars X ) %f;??
(AD) 5 |Accretion on point bars /\\ i
6 |Poor longitudinal sorting of bed materials }\(\'
7 |Deposition in the overbank zone ,}‘i:
Sum of indices =| {¢ ]
1 |Exposed bridge footing(s) N 1 f\
2 |Exposed sanitary / storm sewer / pipeline / etc. NP
3 |Elevated storm sewer outfall(s)
4 |Undermined gabion baskets / concrete aprons / etc.
S;;Zg:%gi 5 |Scour pools downstream of culverts / storm sewer outlets
(DI) 6 |Cut face on bar forms
7 |Head cutting due to knickpoint migration A
8 |Terrace cut through older bar material \
9 |Suspended armour layer visible in bank X
10 |Channel worn into undisturbed overburden / bedrock }{
Sum of indices =| 7, 3
1 |Fallen / leaning trees / fence posts / etc. ;\
2 |Occurrence of large organic debris X\
3 |Exposed tree roots X
4 |Basal scour on inside meander bends X
E\\;\;‘ijdeennciﬁ;f 5 |Basal scour on both sides of channel through riffle _ :‘H
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. ?\; A
7 |Length of basal scour >50% through subject reach
8 |Exposed length of previously buried pipe / cable / etc.
9 |Fracture lines along top of bank
10 |Exposed building foundation NiR
Sum of indices =| {© i
1 |Formation of chute(s)
, 2 |Single thread channel to multiple channel
Evidence of
Planimetric 3 |Evolution of pool-riffle form to low bed relief form
Form 4  |Cut-off channel(s) A
Adj”(f)tlr;'e”t 5  |Formation of island(s) X
6 |Thalweg alignment out of phase with meander form i
7 |Bar forms poorly formed / reworked / removed X
Sum of indices =| S
N chava Oent\ Stability Index (SI) = (AI+DI+WI+PI)/4 =| 0.lgD
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20 O 0.21-0.40 ‘w@ 0.41

Version #3

Senior staff sign-off (if required): Checked by:

Last edited: 10/02/2023
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General Site Characteristics

GEO

MORPHI X

Project Number: 7 7

Date: Stream: Covol ¥
Time: Reach: R3

Weather: C Location: i §

Field Staff: Watershed/Subwatershed: ; QY oy

Features

r:i Reach break

Station location
Cross-section

Monitoring

~0-0-0- Long-profile
Monumented XS
Monumented photo

—
©

" Flow direction l Monumented photo
A Riffle direction
T Pool w Sediment sampling
@&  Sediment bar OIOT Erosion pins
HHH#H  Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols
BXXXXY Bank stabilization

—3»> Leaning tree
X-%-X Fence

L_I Culvert/outfall
Swamp/wetland
VVVY Grasses

€3 Tree

= Instream log/tree
XX x  Woody debris

% Beaver dam

QD vegetated island
Flow Type

H1  Standing water H1A Back water

H2  Scarcely perceptible flow

H3  Smooth surface flow

H4  Upwelling

H5  Rippled

H6  Unbroken standing wave

H7  Broken standing wave

H8  Chute

H9  Free fall H9A Dissipates below free fall
Substrate

S1  Silt $6 Small boulder

S2 Sand S7  Large boulder

S3  Gravel S8 Bimodal

S4  Small cobble S9  Bedrock/till

S5 Large cobble
Other Sis:
BM  Benchmark EP  Erosion piff
BS  Backsight RB  Rébar
bs Downstream “us ‘Upstream
WDJ  Woody debris jam TR Terrace
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain

TOS  Top of slope KP Knick point

Site Sketch

= SLOPE_FARMRE 2
S5-FM TALL DS SIDE
HISTORIC BEAVER DaM 9
PESRIS+ 301U 3,51 TaLL s siae
M DRoP {{’ t,’.‘:i’__,'».';ij(-.m_"‘: ANNEL |
GRAPUAL Flow ConNT NUES BENEATH
oy
%S|
/"'//"
N
C ™\
t
O B
, ——
i‘
us me - [ EHE] |
Photos:
Notes:

Version #4
Last edited: 21/02/2023
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Meander Bend Erosion Risk Modeling Data Collection Project Number: 22036

GtO

M ORPHIX"

Date: 12-0F-23 Field Staff: Ke KM Bend ID: | —
Time: 220 PM Stream: TRIB H CARDINAL CREE K | Subwatershed: | (ARD \NAL CREEK
Weather: SUNNY, HusiD, 25 Reach: R3 Watershed: OWAWA RAVER
RB or LB? | Bankfull Width Bankfull Bank Height Root Depth 'Root Density Surface Bank Angle o : '
(Outside bank) (m) Height (m) (m) . (m) (%) Protection (%) ©) Bank Material (Table 19)
(sSEE S Till O Sand O Large Cobble
R% B [ 4? ‘ 5 20 " RRETRE & Clay O Gravel O Small Boulder
' ' ' 0,25 20 35-50 | msit 0 Small Cobble O Large Boulder
O Bedrock

Sketch (Viewed Downstream) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
location, bed & bank mate{ials, approx. water level, evidence of erosion, stratification in bank sediments, soil horizons, bankfull indicators, woody debris, roots, etc.

Geomorphicy Unit (Table 22)

Qo¥e SHADED f ! //
35“
PERCHED RuedT

WHAD PossigLy
FROM R& ?

O Riffle OO Run & Pool CJ None

Type of Bank Failure (Table 14)

O Fluvial entrainment

O Fall/slough O Undercutting
[0 Parallel slide 0O Slab failure
[% Rotation slip and slump

Adjacent Infrastructure

O Utilities 0 Parking lot

2 Building O Pathway

0 Road [0 Bridge footing
O Other:

Distance from TOB (m):

Notes: HOUSE ON THELE
LAND ADTPCENT Ty RS
VALVEY WAL L
_No ALV uwVIAL STRATA OBS.
ReD CLAN Tk
BANYA BASE  CLAN TILL
MANY EXPOSED RDOTITS

EXTREME WD, UC: 0.15m - FALLEN + LEANING TREES
FALLEN TREEDS WD 0\FE M Photos:_W/IN SLUAMP
ACROSS CHANNEL  WW!OSF M . N
Version #4 Senior staff sign-off (if required): Checked by: Completed by: Kf?
Last edited: 21/02/2023 Page l of l
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Reach Characterlstlcs Project Number: az‘b Flo _ netrRx
Date: 22-11-4% Field Staff: YE ¥EAR Watershed/Subwatershed: | (HEDINR{ CLFFE
Time: - Stream: CHEDINRL CEFEKTPIR | UTM (Upstream):
Weather: CUN ¥ CLOUD -39 Reach: | 2 Li ‘UTM (Downstream):
Land Use Valley Type Channel Type Channel Zone Flow Type ) . .
(Table 1) l | (Table 2) 9\ (Table 3) % (Table 4) 9\ (Table 5) i [ Evidence of Grouhdwater Location: Photo:
] Riparian Vegetation ' : ] Aquatic & Instream Vegetation water Quality
Dominant Type | i Coverage Channel Widths Age (yrs) Type Woody Debris WD Density odour Turbidity
(Table 6) i i'l, O None 01-4 O Immature (<5) (Table 8) a Pﬁn Cutbank ﬂLow WD3/50m: (Table 16) (Table 17)
R OFragmented [4-10  ThEstablished (5-30) JK(in Channel O Mod | } 2
(Table 7) i ﬁ Continuous %> 10 ature (>30) Cover:::ﬁz L S O Not Present 0O High 7
Channel Characteristics ‘ , ,
Sinuosity Type Sinuosity Degree % Bank Angle Bank Erosion (Table 19) Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) 3 (Table 10) oo0-30 0 < 5% Bank O | O O
Gradient 3 # of Channels | | 30 - 60 05 -30% Riffle L, Ol ﬁ ,K O O
(Table 11) (Table 12) 60 - 90 0 30 - 60% Pool O O O O O
Entrenchment Bank Failure Undercut \AGO - 100% ~_Bed
(Table 13) | | (Table 14) ”'L :‘ii i = = = = = = =
Down’s Model Bankfull Indicators |\ Bankfull Width "™ . -
W rable 15) | € (Table 18) [’5/ 3 (m [1170 3,00 /| Wetted Width (m) ||, Yo L3S v
Sed Sortin Sediment Transport - Bankfull Depth 4 %
(Table 209) ()S Observed? - Yes @6\10 [ Not Visible (m) OSH F)) 25 / Wetted Depth (m) | & 0% 040 /
woce et [ | o ormosncene [ 0 nerasm o0 | o2d] [/ ] vewewows [02a] [oag] [
Geomorphic Mass Movement |\ o | = Pool Depth F F ., Velocity Estimate Vi E(£] WiEke
Units (Table 22) 5/‘0/% (Table 23) l?) \g_\)\\\g/, SQ (m) O 42q %Zéﬁ Eg"éﬁ Method |5l (3104 /
s p:ifiﬂg'm‘)’:' 1o % Riffles: | Z0) | % Pools: |2() | Riffle Length (m) | 4 / / Mearder A""’"‘;‘;‘; I < te
Notes:
—dnd BALE DF CHANNEL BRCCWRIERED OUE T BEWNER DWM (@ DS EXTEWNT O CERG
~L%@be Uwr yxally pave &7 Yhe CeNtkR O THE VERGH CRUSING & T ,%«*ﬁye LEVoze ) DooL

éﬁ&&tu& OfF \}EW?‘ME&H}EW /) ‘;‘s CEPOCED JOiLtTN] QPE BHNYS AT Uj¢ EXTENT
P \erlE POOCCE QUEN(ES (\%fé@ NED (what Vot Teozan) DI ve RERVEE DAM

PEYa

~ Nl ‘*‘( RGO LT RERLY -
- ENIDEAET Dy @E(ENT SRV EFR RTION JUIERNED .,., e I
“EANE SILT _SruC¥ (0 tRee RN wt  Y[S =XTEMT SUGGEST SEDIMENTS WEFE (w DEEP BEFCER
Photos: D EWHRTEEIMD
Version #4 Senior staff sign-off (if required): Checked by: ﬁ\_{g Completed by: i‘éM
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Last edited: 21/02/2023

Page of

% P MORPHIX™
General Site Characteristics Project Number: 4 30) y(0
b ‘a%%;;e% ol | S om0 CHROINKLCrekkTRIB
Time: Reach: [
Weather: SUN 4 CLOUD - Location: ; ¢l gzﬁg,f{i:
Field Staff: ¥S £ ¥M Watershed/Subwatershed: Uﬁ IR
Features , Monitoring Site Sketch
;::] Reach break -0-0-0~ Long-profile
A station location I—1 Monumented XS ) ERANER | €
XX Cross-section (©) Monumented photo ‘oA M (2 wm) la) 5
—® Flow direction > t !
o b ot © e ifi&ﬁ%&t o s/
> Pool W sediment sampling ! E%f f v R 2 /j Treeeosls /
@& Sediment bar Erosion pins e E ;
Hi###  Eroded bank/slope 8 Scour chains Wg\iwﬁf%% )
————— Undercut bank Additional Symbols %
EXXXX3 Bank stabilization
—>» Leaning tree
x-%-% Fence
L1 Culvert/outfall
Swamp/wetland
YVYVY Grasses
€3 Tree
@ Instream log/tree
X X ¥x Woody debris
e Beaver dam
QD Vegetated island
Flow Type :
H1  Standing water H1A Back water
H2  Scarcely perceptible flow
H3  Smooth surface flow
H4  Upwelling
H5 Rippled
H6  Unbroken standing wave
H7  Broken standing wave
H8 Chute
H9  Free fall H9A Dissipates below free fall
Substrate ' : ' ‘
S1  Sikt S6 Small boulder
$2 Sand S§7 Large boulder
S3  Gravel S8 Bimodal 4 } v
S$4  Small cobble $9  Bedrock/till / ﬁ\’*\ - i‘.’é ﬁ"‘@ﬁ% -
S5  Large cobble Y " oni L
Other , } X jgkﬁ"g (= EN’& ]
BM  Benchmark EP Erosion pin VeV { ]
BS Backsight RB Rebar el L
DS Downstream us Upstream A %« E \
WDJ Woody debris jam TR Terrace l I
VWC Valley wall contact FC Flood chute .,m#\ A7 ?‘{ W ‘{L}\E AL %’; ‘V
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point ] Notes:
Version #4 Senior staff sign-off (if required): Checked by: \‘é{; Completed by: \A‘M
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Rapid Geomorphic Assessment Project Number: 22307
Date: 23~11-23 Stream: SOUTH TRIE CARDINAL CREEK
Time: 230 PM Reach: R4
Weather: CLoUbY -2°¢ Location: . CARDINAL CREEK VILLAGE
Field Staff: KS WM Watershed/Subwatershed: CARDINAL CREEK
Geomorphological Indicator Present? Factor
Process No. |Description Yes No Value
1 |Lobate bar N
2 |Coarse materials in riffles embedded N
Evidence of 3 |Siltation in pools N 4
Aggradation 4  |Medial bars N /7_
(AD) 5 |Accretion on point bars N
6 |Poor longitudinal sorting of bed materials N
7 |Deposition in the overbank zone N
Sum of indices = 4% 2 0.5+
1 |Exposed bridge footing(s) NI A
2 |Exposed sanitary / storm sewer / pipeline / etc. NIA
3 |Elevated storm sewer outfall(s) NIA
4 |Undermined gabion baskets / concrete aprons / etc. I\“A
g\ef;jr‘:g;iigg 5 |Scour pools downstream of culverts / storm sewer outlets NIA 5 / 5
(D1) 6 |Cut face on bar forms N~
7 |Head cutting due to knickpoint migration ~
8 |Terrace cut through older bar material ~
9 |[Suspended armour layer visible in bank ~.
10 |Channel worn into undisturbed overburden / bedrock ~
Sum of indices =| 2 7 O. g
1 |Fallen / leaning trees / fence posts / etc. \\
2 |Occurrence of large organic debris o
3 |Exposed tree roots .
4 |Basal scour on inside meander bends \ 'S
E\\,/\;qdennc_e of 5 |Basal scour on both sides of channel through riffle N /
I(\i”;ng 6 |Outflanked gabion baskets / concrete walls / etc. NIA '71
7 |Length of basal scour >50% through subject reach N
8 |Exposed length of previously buried pipe / cable / etc. NITA
9 [Fracture lines along top of bank ~
10 |Exposed building foundation NIA
Sum of indices =| & 2 O
1 |Formation of chute(s) N
Boidenas oF 2 |Single thread channel to multiple channel ~
Planimetric 3 |Evolution of pool-riffle form to low bed relief form R
Form 4 |Cut-off channel(s) ~ 4 /
Adju(itITent 5 |Formation of island(s) N 7—
6 |Thalweg alignment out of phase with meander form ~
7 |Bar forms poorly formed / reworked / removed N
Sum of indices =| 4 2 0.53%
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =| 0.\ 3
In Regime In Transition/Stress |In Adjustment
O 0.00 - 0.20 0O 0.21-0.40 ¥ 0.41
Version #3 Senior staff sign-off (if required): Checked by: A Completed by: s
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Rapid Stream Assessment Technique

Project Number: 2209

GEO

M ORPHIX"

Date: 23— =25 Stream: SOUTH TrRIg, CARDINAL CREEK
Time: Reach: R 4
Weather: oVERCAST =2°% Location: CARDINAL CREER VILLAGE
Field Staff: KS KA Watershed/Subwatershed: QAR%’;(M AL CREEK

Category Poor Fair Good Excellent

o < 50% voEk |+ 50-70% of bank network |. 71-80% of bank network « > 80% of bank network

le Y | stable stable stable

. Regent bank sloughing, / |« Recent signs of bank » Infrequent signs of bank . No evidence of bank
slumping or failure -~ sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently observed failure fairly common failure failure

- Stream bend areas highly | . Stream bend.areas.._ « Stream bend areas stable » Stream bend areas very
unstable unstable™ « Outer bank height 0.6-0.9 stable

« Quter bank height 1.2 m |« Out’er bank height 0. 9— \ m above stream bank (1.2- |« Height < 0.6 m above
above stream bank 1.2 m above stream ;k 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream bank / for large mainstem areas) stream bank for large
bank for large mainstem (1 5-2.1 m above stream . Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large maonstem . Bank overhang < 0.6 m

. Bank overhang > 0.8-1.0 area»s)

Channel m « Bank overhang 0 8-0.9m
Stability - Young exposed tree roots |. Young ’exposed tree reots - Exposed tree roots » Exposed tree roots old,
abundant cg:rmmon predominantly old and large and woody

« > 6 recent large tree falls | . 4-5 recent large tree faIIs large, smaller young roots |- Generally 0-1 recent large
per stream mile \per stream mile scarce tree falls per stream mile

e i . 2-3 recent large tree falls
per stream mile

. Bottom 1/3 of bank is . BgttemTB of ban \QWé « Bottom 1/3 of bank is « Bottom 1/3 of bank is
highly erodible material ~generally highly erodib generally highly resistant generally highly resistant

« Plant/soil matrix severely f material plant/soil matrix or material | plant/soil matrix or material
compromised »J{lant/son matrix f,«

compromised——"

. Channel cross-section is |« Channel cross-section is |+ Chanriel cross- §éEfi6"ﬁ’T§"f - Channel cross-section is
generally trapezoidally- generally trapezoidally- ’&generally V- or U- shaped generally V- or U-shaped
shaped shaped

Point range Oo 01 0O 2 D3K4I'_'l5 D6D7|38 09 0O 10 O 11

« > 75% embedded (> . 50-75% embedded (60- |. 25-49% embedded (35- |- Riffleembedc dedne@\
85% embedded for large 85% embedded for large 59% embedded for large 25% sand silt (< 35%
mainstem areas) mainstem areas) mainstem areas) embedded for large J,,,/

mainstem-areas)" .

« Few, if any, deep pools . Low to moderate number | . Moderate number of deep « High numberof deeppoo

« Pool substrate of deep pools pools (> 61 cm deep)
composition >81% sand- |. Pool substrate « Pool substrate composition > 122 cm deep for large
silt composition 30-59% sand-silt nainstem areas)

60-80% sand-silt « Poel substrate composmon
<30% sand=sitt—"
Channel . Streambed streak marks |. Streambed streak marks |. Streambed streak marks » Streambed streak marks
; and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Scouring/ : . : . : . : .
Sediment sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition common common uncommon

« Fresh, large sand . Fresh, large sand . Fresh, large sand deposits |- Fresh large-sand depOs{ts
deposits very common in deposits common in uncommon in channel rare or absent from charinel
channel channel . Small localized areas of ./No evidence of fresh

« Moderate to heavy sand « Small localized areas of fresh sand deposits along \sediment deposmon on
deposition along major fresh sand deposits along | top of low banks overbank..
portion of overbank area top of low banks

« Point bars present at fromt bars common, \\ . Point bars small and stable, | . Point bars few, small and
most stream bends, \mcég;tito large and well-vegetated and/or stable, well-vegetated
moderate to large and unstable with-high—" armoured with little or no and/or armoured with little
unstable with high amount of fresh sand fresh sand or no fresh sand
amount of fresh sand LORBLE

Point range Do o102 O3 04 O5 06 % 7 O8
Version #2 Senior staff sign-off (if required): Checked by: I\ Completed by: _ XS
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23-1\-22 2203y | ST TRIE CARDINAL
Category Poor Fair Good . Excellent

Wetted perimeter < 40%
of bottom channel width
(< 45% for large
mainstem areas)

Wetted perimeter 40-
60% of bottom channel
width (45-65% for large
mainstem areas)

f bottom channel width
-90% for large | o
mainstem-areas) ™

V%

- Wettéd perimeter 61-855/:%*i

» Wetted perimeter > 85% of
bottom channel width (>
90% for large mainstem
areas)

Dominated by one habitat

type (usually runs) and

by one velocity and depth

condition (slow and
shallow) (for large
mainstem areas, few
riffles present, runs and
pools dominant, velocity
and depth diversity low)

Few pools present, riffles

and runs dominant.
Velocity and depth
generally slow and
shallow (for large
mainstem areas, runs
and pools dominant,
velocity and depth
diversity intermediate)

- Good etweéh riffles;
and pools

runs
,«/R‘:-:‘Tatively diverse veloc;

\E\nﬂ depth of flow -

. Riffles, runs and pool
habitat present

- Diverse velocity and depth
of flow present (i.e., slow,
fast, shallow and deep
water)

Riffle substrate
composition:
predominantly gravel

Riffle substrate
composition:
predominantly small

- Riffle substrate
composition: good mix of
gravel, cobble, and rubble

. leﬂgsﬁbstrate T
gemposmon cobble, ‘g

/gravel, rubble, boulder mlx

Physical with high amount of sand cobble, gravel and sand material \, with little sand
Instream » < 5% cobble » 5-24% cobble .+ 25-49% cobble . >.50% cobble ..
Habitat « Riffle depth < 10 cm for |« Riffle depth 10-15 cm foF | ¢ Riffle depth 15-20 cm for |« Riffle depth > 20 cm for
large mainstem area& ainstem areas _.-{” large mainstem areas large mainstem areas
« Large erally’ < . Large pools generally 30- | « Large pools generally 46-61 | . Large pools generally > 61
cm deep (< 61 cm for /} 46 cm deep (61-91 cm cm deep (91-122 cm for cm deep (> 122 cm for
large mainstem areas) . for large mainstem large mainstem areas) with large mainstem areas) with
nd devoid of overhsa'd areas) with little or no some overhead good overhead
COVEF, overhead cover/structure | cover/structure cover/structure
- Extensive channel « Moderate amount of, | » Slight amount of channel « No channel alteration or
alteration and/or point annel alteration and/ alteration and/or slight significant point bar
bar moderate increase in increase in point bar formation/enlargement
formation/enlargement oint bar A formation/enlargement
fo ien/enlargettient
« Riffle/Pool ratio 0.49:1; |« me/Pool ratio 0.5-% « Riffle/Pool ratio 0.7-0.89:1 | . Riffle/Pool ratio 0.9-1.1:1
=1.51:1 +09:1;.1.31-1.5:1 .~ ; 1.11-1.3:1
» Summer afternoon water |. Summer afternoon water | « Summer afternoon water « Summer afternoon water
temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C
Point range oo o1 0 2 o3 % 4 O5 06 O 7 0O 8

Water Quality

Substrate fouling level:
High (> 50%)

Substrate fouling level: ™
Maoderate (21-50%).....—""

Substrate fouling level:
Very light (11-20%)

o

« Substrate fouling level:
Rock undersnde (0 10%)

Brown colour
TDS: > 150 mg/L

Grey colour
TDS: 101-150 mg/L

Slightly grey colour
. TDS: 50-100 mg/L

Cfear ﬂow
. 1.<.50 mg/L__

Objects visible to depth
< 0.15m below surface

Objects visible to depth
0.15-0.5m below surface

« Objects visible to depth
0.5-1.0m below surface

» Objects visible to depth
> 1.0m-below.surface

« Moderate to strong « Slight to moderate « Slight organic odour {T\Io odour ""“%7;5
organic odour organic odour e
Point range Do o102 O3 O 4 0Ds5 Ne oDz O 8
- Narrow riparian area of » Riparian area - Forested buffer generally . Wlde‘(> 60 m) rﬁa‘tﬁe—\
mostly non-woody predominantly wooded > 31 m wide along major forested buffer along both
o vegetation but with major localized portion of both banks banks
Riparian ass T — L
Habitat Chle
Conditions » Canopy coverage: « Canopy coverage: 50- . Cano . Canopy coverage:
<50% shading (30% for 60% shading (30-44% 60~79% shading (45 59% )| >80% shading (> 60% for
large mainstem areas) for large mainstem fo !arge mamstem areas) large mainstem areas)
areas) S
Point range 0Do o1 o2 0 3 0O4 OS5 %6[17
2\
Total overall score (0-42) = 7 (o Poor (<13) Fair (13-24) Good (25-34 Excellent (>35)
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GEO

Reach Characteristics Project Number: 33 0 ? (o B S8 il 5
Date: 23\ Field Staff: ¢ ¥ YA Watershed /Subwatershed: | PE O\n i, CREEE
- M s (¥
Time: - Stream: CRY 0wt (EEEY TR1E| UTM (Upstream):
Weather: O ISUN s (Lav e TAY Reach: UTM (Downstream):
LY @A
Land Use 3 Valley Type Channel Type Channel Zone Flow Type R .
f tion: hoto:
(Table 1) /ﬂ (Table 2) a (Table 3) :}‘ (Table 4) 2 (Table 5) l [ Evidence of Groundwater Location Photo
I Riparian Vegetation : , _ J ! Aquatic & Instream Vegetation : ; ] Water Quality
Dominant Type / Coverage  Channel Widths Age (yrs) Type < Woody Debris WD Density Odour Turbidity
(Table 6) 2 I None 01-4 O Immature (<5) (Table 8) %}n Cutbank I Low WDJ1/50m: (Table 16) (Table 17)
N OFragmented ‘P4 -10  ‘{Established (5-30) in Channel O Mod i | 2
(Table 7) g ﬁ\Continuous > 10 XMature (>30) c°ver:::f,2 £S O Not Present ﬂ\High
Channel Characteristics ' ( , o
Sinuosity Type Sinuosity Degree Bank Angle Bank Erosion (Table 19) Clay/Siit Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) 6 (Table 10) a do-30 0<5% Bank \ﬁi O O O O O
Gradient g # of Channels ! 030 - 60 05~ 30% Riffle \ﬂ O w\ M ﬁ W] L
(Table 11) o (Table 12) )ﬁso - 90 0 30 - 60% PooltfR [ O a £l O g )
Entrenchment N Bank Failure ‘\2 Undercut 60 - 100% _ ~ Bed
(Table 13) 3 7 (Table 14) }ln % 7—4\ s = = = = = = =
Down’s Model Bankfull Indicators || Bankfull Width |P00¥Y Lo et PUO LY .
(rabe 15) |0C taess |13, (m) !msw%c OEFREDD  [DEfpigp Wetted Width (m) | 1\S Wg |5
Sed Sorting Sediment Transport - o Bankfull Depth |[&* 7 \ 7 w /Y 1 P
(Table 20) |MS Observed? '€ )ﬁ\No U Not Visible () Wetted Depth (m) 0,[)\.{ 0 Blg e
Mo dez;gg;:p;;; 3 % of Bed Active O Undercuts (m) 0‘\4\@ G(j%% O,%’Z Velocity (m/s) / / /
Geomorphic Mass Movement Pool Depth Velocity Estimate
Units (Table 22) \Ol% (Table 23) 4 ~ (m) / / / Method / / 7
Sp:gt:;-(p;(),:' / % Riffles: / % Pools: / Riffle Length (m) / / / Meander Amp I'tr::; / / /f
Notes:

- ERNINE TiawkD oo AG fié
~-DEReIC 1\ (‘H“N&“{%é (oM ARG
"M AN (LRRLES * mmﬁt tc“‘ LoV aHoUT _ AN T

~ KN\ POINTS FORCED B DeRII TAODIS s eNeD THEOUEHO0T - TORCED CHANGES (N FloW Dige£(RioN
-SOUY oN BotH B NS, !

- 3¢ anld EYSPRCED %}‘;z‘ﬁm?%;f(m WG TekeS CoMinmol

o HIGH GERDIENT ‘

- HIGH COn centerntiby DEQRRIS BETORE CONFILENCE With MBIN TEIR
¢

v

“?»m Ay

A MCH (WS v ERNINT
ERTVEY ¢

Photos:
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General Site Characteristics

GEO

M ORPHIX™

Project Num

ber: 230700

Date: A033-1}-2& Stream: CREDIMAL CEEEX TRIB
Time: == Reach: | T
Weather: |SUN £ CLouD {9 | Location: | oPUEANS
Field Staff: 1¥S ¥m Watershed/Subwatershed: | CEDiMN AL (¥ EE &
Features : Monitoring |___site Sketch Compass
= Reach break -0-0-0- Long-profile C@\g‘ 0l N‘ﬁk ‘:Z\?«i:,‘& K; ’f@ ‘ @i ey
R station location I—1 Monumented XS : L
¥ Cross-section @ Monumented photo e 1
—® Flow direction l Monumented photo DEREIC
~A Riffle direction ﬁﬁ; . ﬁ—(
> Pool W Sediment sampling ;)ég ?XTENT
@ Sediment bar IO Erosion pins TS
i Eroded bank/slope 8 Scour chains @w"g
----- Undercut bank Additional Symbols .
EXXXX3 Bank stabilization
=3 Leaning tree
x-%-X Fence ,;'g
L1 Culvert/outfall ﬁg‘
Swamp/wetland j=
YVVY Grasses J ff% 53:
€3 Tree fe= ::E
= Instream log/tree i ] e
X X ¥ Woody debris §
%% Beaver dam - Y D IS
QD  Vegetated island YEN %K{F.gﬁ Y ;
Flow Type ENIIRE e ’
H1  Standing water H1A Back water i
H2  Scarcely perceptible flow ;
H3  Smooth surface flow ~ ‘
H4  Upwelling O
H5 Rippled {}»--""' 1’?’&&« "iﬁgig‘hi’
H6  Unbroken standing wave @H N¥S
H7  Broken standing wave
H8 Chute f\fé b o
H9  Free fall HO9A Dissipates below free fall oo LARGE DOWN Y REE+
Substrate - * poot enil
s1  Silt $6  Small boulder )
$2 Sand §7 Large boulder
S§3  Gravel S8 Bimodal
S4 Small cobble S9 Bedrock/till
S5 Large cobble
Other -
BM Benchmark EP Erosion pin
BS Backsight RB Rebar
DS Downstream us Upstream
WDJ Woody debris jam TR Terrace
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes:
v
Version #4 Senior staff sign-off (if required): ___ Checked by: _;‘é‘i»_ Completed by: _@"L__
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Rapid Geomorphic Assessment

GEO

MORPHIX™

Project Number: 230,

Dae 2%-\1-77% Sifeany SOUTH TRIB CARBINAL CREEK
Time: 12555 ppa Reach: TRIR |
Weather: OVERCAST -2°¢ Location: ., CARDINAL CREEK VILLAGE
Field Staff: KS M Watershéd/Subwatel?shed: | CRRDINAL CREEY
S Geomorphological Indicator Present? Factor
No. |Description Yes No Value
1 |Lobate bar i
2 |Coarse materials in riffles embedded N
Evidence of | 3 |Siltation in pools ) 2
Aggradation 4  [Medial bars N / +
(A1) 5 |Accretion on point bars .
6 |Poor longitudinal sorting of bed materials \
7 _|Deposition in the overbank zone N
Sum of indices =| & 5 | 0286
1 |Exposed bridge footing(s) M/A
2  |Exposed sanitary / storm sewer / pipeline / etc. Ni f\
3 |Elevated storm sewer outfall(s) NIA
4 |Undermined gabion baskets / concrete aprons / etc. NIA
g;:;drzg;iigg 5 |Scour pools downstream of culverts / storm sewer outlets NIA 2 /
(DI) 6 |Cut face on bar forms . 5
7 |Head cutting due to knickpoint migration ~
8 |Terrace cut through older bar material ~,
9 |Suspended armour layer visible in bank N
10 |Channel worn into undisturbed overburden / bedrock o
Sum of indices =| 2. % 0,40
1 |Fallen / leaning trees / fence posts / etc. N
2 |Occurrence of large organic debris N
3 |Exposed tree roots \
4 |Basal scour on inside meander bends N
Ew:j deennci?);f 5 |Basal scour on both sides of channel through riffle N
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. N/A 4,
7 |Length of basal scour >50% through subject reach N ?
8 |Exposed length of previously buried pipe / cable / etc. NLA
9 |Fracture lines along top of bank ~
10 |Exposed building foundation NIA
Sum of indices =| 4 ) 0&F
1 |Formation of chute(s) N\
Evidence of 2 |Single thread channel to multiple channel N
Planimetric 3 |Evolution of pool-riffle form to low bed relief form N 2
_Form 4  |Cut-off channel(s) ~ / ':7__
AdJu(itIr;\ent 5 |Formation of island(s) ~
6 |[Thalweg alignment out of phase with meander form .
7 |Bar forms poorly formed / reworked / removed \
Sum of indices =| 2 = 0.2%
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =| 0, 5%
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20 ¥ 0.21 - 0.40 O 0.41
Version #3 Senior staff sign-off (if required): Checked by: {CM Completed by: @
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Rapid Stream Assessment Technique

Project Number: 220%(

GEO

MORPHIX"™

Stréam:

g 2%-\1-2% SOWTH TRIE CARDINAL CRELK
Time: .55 PM Reach: TR |
Weather: ONE MA sT -5'¢C Location: , RARDANAL CREEW VILLAGE
Field Staff: K& KM Watershed/Subwatershed: CARDINAL CREEK
Category Poor Fair Good Excellent
+ < 50% of bank-networks, | . 50-70% of bank network |« 71-80% of bank network . > 80% of bank network
stable”™ E stable stable stable
« Récent bank sloughmg, . Recent signs of bank . Infrequent signs of bank « No evidence of bank
S| ing or fz failure—" sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently “observed failure fairly common failure failure
» Stream bend areas highly |« Stream bgnﬁareamw . Stream bend areas stable « Stream bend areas very
unstable unstajblé"’ \ . Outer bank height 0.6-0.9 stable
« Outer bank height 1.2 m | Outeér bank height 0.9- | m above stream bank (1.2- | . Height < 0.6 m above
above stream bank %’2 m above stream | 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream ank / for large mainstem areas) stream bank for large
bank for large mainstem i (1.5-2.1 m above stl;eam . Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for Iarge mamstem » Bank overhang < 0.6 m
. Bank overhang > 0.8-1.0 \K"reas) e
Channel m » Bank overhang 0.8-0.9m
Stability . Your)ng,ex'p’b"’seé’“ tree” mots . Young exposed tree roots | « Exposed tree roots . Exposed tree roots old,
dant common predominantly old and large and woody
« ¥ 6 recent large tree faIIs . 4-5 recent large tree falls | large, smaller young roots | . Generally 0-1 recent large
(Eer stream mile 4 per stream mile scarce tree falls per stream mile
S » . 2-3 recent large tree falls
per stream mile
yBettéLm 1/3 of bank lS » Bottom 1/3 of bank is . Bottom 1/3 of bank is . Bottom 1/3 of bank is
( "highly erodible material ™ generally highly erodible generally highly resistant generally highly resistant
. ﬁlant/501| matrix severely material plant/soil matrix or material | plant/soil matrix or material
compromised » Plant/soil matrix
o compromised
. Channel cross-section is |+ Channel cross-section is |+ Channel-cross-section'is, - Channel cross-section is
generally trapezoidally- generally trapezoidally- Eeherally V- or U- shaped generally V- or U-shaped
shaped shaped e
Point range Do O1 02 3 o4 OS5 OD6 07 O8 09 O 10 0O 11
« > 75% embedded (> « 50-75% embedded (60- |. 25-49% embedded (35- . Riffle e edness <
85% embedded for large 85% embedded for large 59% embedded for large 25% gand-silt (< 35%
mainstem areas) mainstem areas) mainstem areas) emb{(gged for large
mainstem_areas)”
- Few, ,i,fﬁanyv,wdeéf)”ﬁgbjs . Low to moderate number | . Moderate number of deep . High number of deep pools
. 51 substrate / of deep pools pools (> 61 cm deep)
ég‘\position >81f’/pf>s‘and- « Pool substrate . Pool substrate composition (> 122 cm deep for large
1 composition 30-59% sand-silt mainstem areas)
60-80% sand-silt « Pool substrate composition
<30% sand-silt
. — « Streambed streak marks |. Streambed streak marks |. Streambed streak marks » Streambed streak marks
Scouring/ and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Sediment sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition common common uncommon
- Fresh, large sand - Fresh, large sand . Fresh,,large ‘sand depos:ts « Fresh, large sand deposits
deposits very common in | deposits common in upcommon in channel rare or absent from channel
channel channel N Small localized areas of/ « No evidence of fresh
. Moderate to heavy sand « Small localized areas of {  fresh sand deposnts aléng sediment deposition on
deposition along major fresh sand deposits along top of.low.banks~ overbank
portion of overbank area top of low banks
« Point bars present at B Ponpt*bars common,‘ { . Point bars small and stable, | Point bars few, small and
most stream bends, joderate to large and well-vegetated and/or stable, well-vegetated
moderate to large and -;unstable with high »{;‘ armoured with little or no and/or armoured with little
unstable with high ’amgunt of fresh sand fresh sand or no fresh sand
amount of fresh sand T
Point range Oo o1 0 2 O3 ® 4 05 06 07 Os8
Version #2 Senior staff sign-off (if required): Checked by: ﬁbﬁ Completed by: K@

Last edited: 10/02/2023
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GEO

M ORPHIXE

| 2%-11-23% 2500 || SOV TRAB CARDIWAL
Category Poor Fair Good Excellent
« Wetted perimeter < 40% |. We ater 1 Y « Wetted perimeter 61-85% | . Wetted perimeter > 85% of
of bottom channel width 0% of bottom channél of bottom channel width bottom channel width (>
(< 45% for large idth (45- SSW#I“érge (66-90% for large 90% for large mainstem
mainstem areas) mai -gréas) mainstem areas) areas)
- Dominated by one habitat {= Few pools present, riffles -“Good mix between riffles, |- Riffles, runs and pool
type (usually runs) and druns.demirant:""" runs and pools habitat present
by one velocity and depth |+ Velocity and depth « Relatively diverse velocity |. Diverse velocity and depth
condition (slow and generally slow and and depth of flow of flow present (i.e., slow,
shallow) (for large shallow (for large fast, shallow and deep
mainstem areas, few mainstem areas, runs water)
riffles present, runs and and pools dominant,
pools dominant, velocity velocity and depth
and depth diversity low) diversity intermediate)
- Riffle substrate - Riffle substrate « Riffle substrate™ = - Riffle substrate
composition: composition: co,n*ff)osntlon good miX of composition: cobble,
predominantly gravel predominantly small ravel, cobble, and rybble gravel, rubble, boulder mix
Physical with high amount of sand cobble, gravel and sand aterial with little sand
Instream o < 5% cobble « 5-24% cobble o 257499 - » > 50% cobble
Habitat . Riffledépth < 10 cm for‘} « Riffle depth 10-15 cm for | . Riffle depth 15-20 cm for |« Riffle depth > 20 cm for
la e mainstem are mgsw large mainstem areas large mainstem areas large mainstem areas
o Lar ols generarlyz,g - Large pools generally 30- | - Large pools generally 46-61 | . Large pools generally > 61
0 cm deep (< 61 cm for 46 cm deep (61-91 cm cm deep (91-122 cm for cm deep (> 122 cm for
large mainstem areas) / for large mainstem large mainstem areas) with large mainstem areas) with
b, and devoid of overhead areas) with little or no some overhead good overhead
céwwrstcuctuwe” sl overhead cover/structure | cover/structure cover/structure
. Extensivé channel . » Moderate amount of « Slight amount of channel » No channel alteration or
alte’thlon and/or pomt channel alteration and/or | alteration and/or slight significant point bar
ar moderate increase in increase in point bar formation/enlargement
ormatlon/enlargewrpﬁﬁt point bar formation/enlargement
Ry formation/enlargement
« Rifff&7Pool ratio 0 491 ; \3, « Riffle/Pool ratio 0.5- « Riffle/Pool ratio 0.7-0.89:1 |. Riffle/Pool ratio 0.9-1.1:1
$21.51:1 i 0.69:1; 1.31-1.5:1 ; 1.11-1.3:1
« Summer afternoon water « Summer afternoon water | . Summer afternoon water « Summer afternoon water NI
temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C A
Point range Do o1 M2 O3 0 4 O5 06 o7 oOs
» Substrate fouling level: » Substrate fouling level: . Sﬂbstrate fouling lev§f - Substrate fouling level:
High (> 50%) Moderate (21-50%) 4 -Mery lmt&mﬁ“ Rock underside (0-10%)
« Brown colour « Grey colour . Slightly grey colour « Clear flow
Water Quality |- TDS: > 150 mg/L . TDS: 101-150 mg/L -{IDS: 50-100.mgft™ « TDS: < 50 mg/L
« Objects visible to depth « Objects visible to depth | . ObJects visible to depth « Objects visible to depth '\f[ﬁi
< 0.15m below surface 0.15-0.5m below surface 0.5-1.0m below surface > 1.0m below surface
+ Moderate to strong « Slight to moderate » Slight organic odour !&Qﬁgur \>
organic odour organic odour —— r
Point range oo O1 0O 2 O3 0O 4 O5 e O 7z O 8
« Narrow riparian area of - Riparian area - Forested buffer generally - Wide.(>60" my 1 matuce
mostly non-woody predominantly wooded > 31 m wide along major fdrested buffer along h,oth
o vegetation but with major localized portion of both banks ix*l;)anks A
Riparian gaps N "
Habitat ~ T
Conditions |* Canopy coverage: + Canopy coverage: 50- + Canopy coverage: . Canopxbcevérage
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% >80% shading (> 60% or
large mainstem areas) for large mainstem for large mainstem areas) lagge mainstem areas}f
areas) S
Point range 0Ooo o1 Oo2 O 3 0O 4 OS5 06 ® 7
o ”RM;M" wa
Total overall score (0-42) = 2 2 Poor (<13) "~ Fair (13-24)‘ Good (25-34) Excellent (>35)
™ ". »'WM“"‘N
Version #2 Senior staff sign-off (if required): Checked by: %’f!%l | Completed by: _ ¥
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GtO

Reach Characteristics Project Number: agﬁ ;NQQ . " ° SEE e
Date: g VA3 -1l- A% Field Staff: ks M Watershed/Subwatershed: | T2 D IRIRT CPeFE
Time: Stream: CHEDINRL CEFFETPH utMm (Upstream):
Weather: sy g«% T {LOVP -Z28¢ | Reach: & UTM (Downstream):
Land Use |y Valley Type Channel Type Channel Zone Flow Type ) .
E f dwater Location: Photo:
(Table 1) / 2 | (rable 2) A (Table 3) \% (Table 4) A (Table 5) |} Bl Biidenasotaisudwater Logaiing A
Riparian Vegetation ! ] l Aquatic & Instream Vegetation Water Quality
Dominant Type § § ﬁ Coverage Channel Widths Age (yrs) Type S Woody Debris WD Density Odour Turbidity
(Table 6) f ' None 01-4 O Immature (<5) (Table 8) In Cutbank [ Low WDJ/50m: (Table 16) (Table 17)
i ot OFragmented “f4-10  MEstablished (5-30) — “W.In Channel 0 Mod | | A
(Table 7) § ‘Nontinuous )ﬁ > 10 }ﬂMature (>30) Cover:;:f,z > > O Not Present 76\High
Channel Characteristics _ . : o
Sinuosity Type |~ Sinuosity Degree Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) 3, (Table 10) % 0o-30 O< 5% Bank O O O )Q O O
Gradient | 2 # of Channels g 0 30-60 05-30% Riffle O ﬁ M ¢ O O
(Table 11) | g (Table 12) 0060 - 90 0030 - 60% Pool O ; O d O £l
2 y
Entrenchment | » A Bank Failure O Undercut 060 - 1006% ~ Bed
(Table 13) | & (Table 14) Q\ e et O U O O - = U
’, H ? = p (]
Down’s Model e Bankfull Indicators \;g Bankfull Width 4 "2‘: 4 Wetted Width (m) {}M% 26
(Table 15) (Table 18) (m) |16 A5 Y ' )
Sed Sorting Sediment Transport - Bankfull Depth y < one 2 83
(Table 20) A% olisaroeay - 188 T#No [ Not Visible (m) 0,52 SIS lwﬂ% Wetted Depth (m) |3.0% D% 2,99
Mode'[;:glsepgg 5 % of Bed Active O Undercuts (m) |1} %0 035 0 E;g Velocity (m/s) | ./ A v
Geomorphic g Mass Movement Pool Depth Velocity Estimate /
Units (Table 22) Si o (Table 23) ‘Iq / wee (m) O*!s C?*t‘g / Method / / 1
TeERen T~ i
Riffle-Pool 4 ¢ Meander Amplitud
Spaéi n: (n:(),: /7 % Riffles: lo% % Pools: / Riffle Length (m) / / / Sl oA :'me; asDC) / /
Notes:

“PRINE fpolh WG FIELD DLwWN 10 MHIN TRIQUTRRY e St

-Lﬁgﬁ&@gm\am@ﬁm 6 DEBpi N CHANNLE, (ERNING TeBES] EXPOTED POOTT/UND ERUTING {0 MONLY
ORSERNE -

~CABNNEL BEpR COMPCED oF TLRY i;%zif;%fﬁm MENTE VBRLEC + ROULD ERS

- MANM_ FoeleD ¢ile Poinid FR oM EOOTS

- GUSEENFY EECENT REGPESTION Al gwm &N TWEW
- QWIS TRoM FLELD ENTERING T @HNINE 2

~ NN Cut FERES ¢

Photos:
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GEO

M ORPHIX™

General Site Characteristics Project Number: ‘g}ng}:?ﬂﬂ

bates Y Yol Ut Stream: CREDINAL CREFE TRIE
Time: - Reach: . Ta
Weather: 15U Y CouD A%  |tocation: _0pLEANS
Field Staff: S ¥ XM ,watershed/Subwatershed' o (‘A EDINBL CREFE-
Features | Monitoring Site Sketdf"‘“*“""““‘"‘? (\_[WTHN TEg Compass
 Emmons Reach break -0-0-0~ Long-profile r“‘%& \g’, i \1;
R station location L——1 Monumented XS ‘v,ﬁi&‘ ¥4 g (;:ju 5\ i -
KX . i \ﬁ& i\, ! % ¢ ‘3 /
Cross-section @ Monumented photo q‘{) £ 4 ‘? H N ‘\ b
—® Flow direction L Monumented photo %&é’i Et” ¢ O
~A Riffle direction L ™ g *
> ool W Sediment sampling » 1
@& Sediment bar Erosion pins \
i Eroded bank/slope 8 Scour chains
----- Undercut bank Additional Symbols {
BXXXXA Bank stabilization wd \
=3 Leaning tree zifé \
*-%-X Fence : b} 1
L1 Culvert/outfall - = i
Swamp/wetland m{b} “‘g
YWYV Grasses 2’1 -
€3 Tree i: e
= Instream log/tree % *%
X X ¥ Woody debris /) %‘ %E
% Beaver dam REME g :“;’
<A Vegetated island ©is R
Flow Type ’ ™ chA Nﬁ&.’i@
M1  Standing water H1A Back water v
H2  Scarcely perceptible flow ; § il
H3  Smooth surface flow CD . @’,
H4  Upwelling S o
H5 Rippled e
H6  Unbroken standing wave s gj«?f’“
H7  Broken standing wave (::;“) ﬁ
H8  Chute ,
H9  Free fall H9A Dissipates below free fall ]
Substrate . . {D
S1  Silt S$6  Small boulder %\*’
$2 Sand S§7 Large boulder
S3 Gravel S8 Bimodal ;
S§4  Small cobble S§9  Bedrock/till % o
S5 Large cobble \ e
Other ' , , 5 -~ .
BM  Benchmark EP  Erosion pin MERS 4 el
BS Backsight RB Rebar -
DS Downstream us Upstream s P :
WDJ  Woody debris jam TR  Terrace PP o \WULEY cropgl 1 [ 1 1]
VWC Valley wall contact FC Flood chute g};i 53
BOS Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes:
Version #4 Senior staff sign-off (if required): _____ Checked by: _ﬁ__ Completed by: m__
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GEO

MORPHIX™

Rapid Geomorphic Assessment Project Number: 7209 c
Date: -\ 15 Stream: ' SWTH TRIB CARBINAL (REEK
Time: 1020 &M Reach: TR\& 2
Weather: CloubYy wiTH Sun =2 'C |Location: ; CARDINAL CREEK VILLAGE
Field Staff: KS KM Watershed/Subwatershed: CARDINAL CREEK
Geomorphological Indicator Present? Factor
Process e Value
No. [Description Yes No
1 |Lobate bar ~
2 |Coarse materials in riffles embedded ~
Evidence of 3 |Siltation in pools
Aggradation 4  |Medial bars N 31
(AD 5 |Accretion on point bars ~N +F
6 |Poor longitudinal sorting of bed materials ~N
7 |Deposition in the overbank zone N
Sum of indices =| 5 4 0,474
1 |Exposed bridge footing(s) . N/A
2 _|Exposed sanitary / storm sewer / pipeline / etc. TILE. DWRAIN .
3 |Elevated storm sewer outfall(s) NITA
‘ 4 |Undermined gabion baskets / concrete aprons / etc. NIA 5
Evidence of 5 |Scour pools downstream of culverts / storm sewer outlets ~NIA /
Degradation 5y / (Q
(DI) 6 |Cut face on bar forms
7 |Head cutting due to knickpoint migration ~
8 |Terrace cut through older bar material ~N
9 |Suspended armour layer visible in bank ~
10 |Channel worn into undisturbed overburden / bedrock N
Sum of indices =| %, \ 0,929
1 |Fallen / leaning trees / fence posts / etc. AN
2 |Occurrence of large organic debris ~N
3 |Exposed tree roots ~
4 |Basal scour on inside meander bends N
E\\;\;(ijdeenrfiigOf 5 |Basal scour on both sides of channel through riffle S
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. N/A $/
7 |Length of basal scour >50% through subject reach o g
8 |Exposed length of previously buried pipe / cable / etc. TMLE Dﬁ,ﬁwi N
9 |Fracture lines along top of bank N
10 |Exposed building foundation NIA
Sum of indices =| [o 2 05
1 |Formation of chute(s) ~,
. 2 |Single thread channel to multiple channel N
Evidence of
Planimetric 3 |Evolution of pool-riffle form to low bed relief form N ~
Form 4 |Cut-off channel(s) N é{i
Ad]lé;tg]ent 5 |Formation of island(s) AN +
6 |Thalweg alignment out of phase with meander form N
7 |Bar forms poorly formed / reworked / removed N
Sum of indices =|  Z_ 5 (oA
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =| 0535
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20 O 0.21-0.40 = 0.41
Version #3 Senior staff sign-off (if required): ______ Checked by: _ﬂ{\_ Completed by: _‘Y<_5___
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Rapid Stream Assessment Technique

Project Number: Z %07

GEO

MORPHIX"

Date: zaW-z2% Stream: SOUTH TRIE CARBINAL CREEK
Time: 1220 PM Reach: TRIB 2
Weather: CLOUDY W S\U ™~ Location: CARDINAL CREEK VILLAGE
Field Staff: KS gf\/\ Watershed/Subwatershed: CARDIN AL KEEK

Category Poor Fair Good Excellent

. < 50% of bank network |. 50-70% of bank network |+ 71-80% of bank network « > 80% of bank network
stable X stable stable stable

ecent bank sloughin » Recent signs of bank - Infrequent signs of bank . No evidence of bank

(' slumping or failure sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently observed" failure fairly common failure failure

« Stream bend areas highly | . Stream bend at:eg_ﬂ « Stream bend areas stable « Stream bend areas very
unstable » Outer bank height 0.6-0.9 stable

« Outer bank height 1.2-m m above stream bank (1.2- |. Height < 0.6 m above
above stream bank 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream for large mainstem areas) stream bank for large
bank for large mainstem » Bank overhang 0.6-0.8 m mainstem areas)
areas) b nk for large mams em . Bank overhang < 0.6 m

. Bank overhang > 0.8-1.0 s)

Channel m . Bank erhifig]\o 8 0.9m
Stability - Young exposed tree roots |+ Young exposed tree TOOtS | - Exposed tree roots - Exposed tree roots old,
abundant cgn'fmon predominantly old and large and woody

« > 6 recent large tree falls //4 5 recent large tree falls large, smaller young roots | Generally 0-1 recent large
per stream mile per stream mile scarce tree falls per stream mile

/' . 2-3 recent large tree falls
per stream mile

« Bottom 1/3 of bank is . Bottom. 173 6f bank'is. « Bottom 1/3 of bank is » Bottom 1/3 of bank is
highly erodible material gen,eFaIIy highly erodlble generally highly resistant generally highly resistant

» Plant/soil matrix severely mgdterial plant/soil matrix or material | plant/soil matrix or material
compromised . Plant/sonl matrix

compromised--

. Channel cross-section is |- Charnél cross-sectién.is |. Channel cross-section is . Channel cross-section is
generally trapezoidally- *’generaily trapezordally- generally V- or U-shaped generally V- or U-shaped
shaped shaped--

Point range OO0 O1 02 W3 04 OS5 O6 O07 O 8 O9 O 10 0O 11

« > 75% embedded (> . 50-75% embedded (60- |. 25-49% embedded (35- - Riffle. erfibeddedness <
85% embedded for large 85% embedded for large 59% embedded for large 25 % sand-silt (< 35%“‘3
mainstem areas) mainstem areas) mainstem areas) bedded for large S

S — ma i nstem*a»reas.)/

- Few, if any, deep pools o Low-to moderate numbef‘ « Moderate number of deep « High number of deep pools

« Pool substrate pf deep pools pools (> 61 cm deep)
composition >81% sand- -, ' Pool substrate // « Pool substrate composition (> 122 cm deep for large
silt \composition P 30-59% sand-silt mainstem areas)

60\8Qﬁ/3_ sand- S.ll-t/ « Pool substrate composition
<30% sand-silt
D T « Streambed streak marks |+ Streambed streak marks |+ Streambed streak marks » Streambed streak marks
: and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Scouring/ di : : . : . ! :
Sodimernt sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition common common uncommon

« Fresh, large sand - Fresh, large sand - Fresh, larg osits |« Fresh, large sand deposits
deposits very common in deposits common in upcommon in channel rare or absent from channel
channel channel « 9mall localized areas of « No evidence of fresh

« Moderate to heavy sand « Small localized areas of esh sand deposnts glong sediment deposition on
deposition along major fresh sand deposits along of low bapks’ overbank
portion of overbank area top of low banks

« Point bars present at . 13:%1:»?’0’3’r“s»5mmo 5 . Point bars small and stable, |- Point bars few, small and
most stream bends, |~ oderate to large and \\ well-vegetated and/or stable, well-vegetated
moderate to large and unstable with high armoured with little or no and/or armoured with little
unstable with high -amount of fresh sand’ fresh sand or no fresh sand
amount of fresh sand i

Point range OO0 01 O 2 D3‘Sﬁ54 O 5 0O 6 O 7 0O 8
Version #2 Senior staff sign-off (if required): Checked by: K:HS Completed by: ‘ﬁf)
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GEO

MORPHI ¥
[Bate: [23-11-22 22070 | SOUTH TRIB CARDIVAL |
Category Poor Fair Good Excellent
o Wetted perimeter < 40% | . Wettgd@efffﬁeter 40- » Wetted perimeter 61-85% | . Wetted perimeter > 85% of
of bottom channel width 66% of bottom chan of bottom channel width bottom channel width (>
(< 45% for large width (45-65% for lar (66-90% for large 90% for large mainstem
mainstem areas) ainstem ﬂ@at;eas)'*‘”’ mainstem areas) areas)
- Dominated by one habitat « Good mix between riffles, - Riffles, runs and pool
type (usually runs) and runs and pools habitat present
by one velocity and depth |+ Velocity and depth » Relatively diverse velocity - Diverse velocity and depth
condition (slow and enerally slow and and depth of flow of flow present (i.e., slow,
shallow) (for large shallow (for large fast, shallow and deep
mainstem areas, few ‘mainstem areas, rx/ ns water)
riffles present, runs and ne-pools domm/ nt,
pools dominant, velocity velocity and depth
and depth diversity low) diversity intermediate)
« Riffle substrate « Riffle substrate . « Riffle substrate
composition: composition: composition: cobble,
predominantly gravel predominantly small gravel, cobble, and rubb gravel, rubble, boulder mix
Physical with high amount of sand cobble, gravel and sand aterial s with little sand
Instream » < 5% cobble « 5-24% cobble o 2549%. cobble—"" « > 50% cobble
Habitat « Riffle depth < 10 cm for |. epth 10-15¢ » Riffle depth 15-20 cm for | . Riffle depth > 20 c¢m for
large mainstem areas I mainstem areas large mainstem areas large mainstem areas
» Large pools generally < « Large pools: ra yu  Large pools generally 46-61 | « Large pools generally > 61
30 cm deep (< 61 cm for cm deep (91-122 cm for cm deep (> 122 cm for
large mainstem areas) large mainstem areas) with large mainstem areas) with
and devoid of overhead some overhead good overhead
cover/structure cover/structure cover/structure
- Extensive channel ““«._|. Moderate amount of » Slight amount of channel « No channel alteration or
eration and/or point ) channel alteration and/or | alteration and/or slight significant point bar
ar moderate increase in increase in point bar formation/enlargement
forma;aqg/enlar:g‘ement/ point bar formation/enlargement
“““““““ formation/enlargement
« Riffle/Pool ratio 0.49:1 ; - Riffle/Pool ratio 0.5- -” RIW/POOI ratio 0.7-0.89: 1 « Riffle/Pool ratio 0.9-1.1:1
=1.51:1 0.69:1; 1.31-1.5:1 sod11+1,3:1 P
+ Summer afternoon water |+ Summer afternoon water | Summer aftern’o"‘dh“‘watér « Summer afternoon water
temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C
Point range oo o010 2 D3ﬁ‘4 05 0O 6 o7 0O 8
o Substrate fouling level: « Substrate fouling level: .S e fouling I?\’/fé"b: - Substrate fouling level:
High (> 50%) Moderate (21-50%) light (11-20%)" Rock underside (0-10%)
« Brown colour = Grey colour Shghtly grey colour » Clear flow
. « TDS: > 150 mg/L « TDS: 101-150 mg/L SO 100 mg/L « TDS: < 50 mg/L
Water Quality - = : -
+ Objects visible to depth %bj@ttS Visible to deﬁ?h\ « Objects visible to depth » Objects visible to depth
< 0.15m below surface 15-0.5m below. surface | 0.5-1.0m below surface > 1.0m below surface
+ Moderate to strong « Slight to moderate » Slight organic odour « Ne-odour N
organic odour organic odour S J— D
Point range Do o102 O3 04 os e o7 Os
« Narrow riparian area of « Riparian area - Forested buffer generally . W:de( <60 m) mature
mostly non-woody predominantly wooded > 31 m wide along major ﬁorested buffer along botﬁ
. vegetation but with major localized portion of both banks %Qanks s
Riparian gaps e
Habitat — —
Conditions « Canopy coverage: « Canopy coverage: 50- « Canopy coverage: - Canopy. coverage
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% >80% shading (> GO%\for
large mainstem areas) for large mainstem for large mainstem areas) large mainstem areas),
areas) P
Point range Do o1 OD2 0 3 OD4 0S5 u”‘s‘”""g 7
Total overall score (0-42) = 25 Poor (<13) Good (25-34) Excellent (>35)

Version #2
Last edited: 10/02/2023
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GEO

Reach Characteristics Project Number: 7% OTI‘(Q FLQIRIR, B L
Date: ' AVRE- | +38 Field Staff: 23 KM Watershed/Subwatershed: | CpegiNgl. Clerg
.Y
Time: — Stream: CHEDINRL (REFE TRIR | UTM (Upstream):
Weather: SUN & CLOVD —8¢, Reach: T3 UTM (Downstream):
Land Use Valley Type Channel Type Channel Zone Flow Type @ . /
= E G d L ! Photo:
(Table 1) b3 E (Table 2) % (Table 3) b-F (Table 4) | (Table 5) \ [0 Evidence of Groundwater Location oto:_/
l Riparian Vegetation ; l [ Aquatic & Instream Vegetation { Water Quality
Dominant Type ' Coverage  cChannel Widths Age (yrs) Type \ Woody Debris WD Density odour Turbidity
(Table 6) 1 None O1-4 O Immature (<5) (Table 8) O 1n Cutbank I Low WDJ/50m: (Table 16) (Table 17)
Encroachment % O Fragr.nented N4 - 10 TS\Established (5-30) - I In Channel O Mod -2 l% 2
(Table 7) &Contmuous ?S\> 10 1 Mature (>30) Coverage % \ 0 Not Present ®High
Channel Characteristics : :
Sinuosity Type Sinuosity Degree z Bank Angle Bank Erosion (Table 19) Clay/silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) Z (Table 10) oo-30 O < 5% Bank O O (1 O = O
Gradient 2, # of Channels ‘ K30 - 60 05-30% Riffle k3 [ [l O 0O O O
(Table 11) (Table 12) 60 - 90 530 - 60% Pool hN{ O O O O AR o
Entrenchment Bank Failure |}, 2. N Undercut W60 - 100% _Bed
(Table 13) | 2- (Table 14) |g 7. il " L . L H N 0
Down’s Model Bankfull Indicators Bankfull Width [P6C®Y | POy | Poleiy | ) .
(table 15) |€5C (Table 18) | (m) 7= CEFWER  lopppy]  Wetted Width (m) | /) g 010 Dal
Sed Sorting Sediment Transport - Bankfull Depth |2 ¥ LS L 2 et
(Table 20) Ps Observed? O Yes 1S No [ Not Visible (m) Wetted Depth (m) |55;5C Qsi‘g i/ *G'ti
Mod e‘l('_ll'_:g’sepg;; \ % of Bed Active G Undercuts (m) i:} ‘%Q ﬁg‘@«ii‘i Q‘ﬁg Velocity (m/s) i’ Ve 9:'9
Geomorphic Mass Movement Pool Depth ~ N Velocity Estimate P
Units (Table 22) | 4,2 (Table 23) 4 (m) [OW& 615 0.4} Methoa | 7 / 4
Sp:f;":'{ “‘:‘)’: N % Riffles: | ™\ | 9% Pools: | . |Riffle Length (m) | 7 A 1 MExaey Am""t;‘:f) / /7 .

Notes: “i-nGix GRADIENT TRIBUTARY FLOoWING THROUGH RAVINE . UWNBERSLUTING RemSTIONAL s MmES FREGUERT

KA P kiT (N

A [N

ES ACROLSS CHANNEL FREGUMENT MARING TRAVEL ALon ANATER COLR

COMBACT UAY TILL > I Tall W Scouvi

POl On Dis SiDE BATFWANY AL REACH

SE  AFFitudT

SECONMD LARGE KNWCKPoOINT IN TOOS

Ol AN ClAY T, ~ 0,30 TR

AT \MS  EXTENT oF REALN ADTACENT

TO _GULLY ORWINATING FRoM AG FiFr LD TO THE FAST

Photos:

Version #4

Last edited: 04/04/2023
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GEO

MORPHIX"

General Site Characteristics Project Number: #3070
Dater L K\Y R Stream:  oneD Nl (RERE TR
Time: ; . — Reach: . T3
Weather: QUMY (IouD -Ad(C  ftecaon: 000 | 0p\ERNS
Field Staff: ' XS UM Watershed/Subwatershed: | CReDI\NAL CRELDE.
Features Monitoring : Site Sketch e mfr‘"ﬂ Compass
F:i Reach break -0-0-0- Long-profile t
AR Station location L1 Monumented XS
*—X  Cross-section (©) Monumented photo
—> Flow direction i Monumented photo
AP Riffle direction
> Pool w Sediment sampling
@5 Sediment bar IO Erosion pins
HiHH  Eroded bank/slope 8 scour chains mg‘ﬂ&‘
————— Undercut bank Additional Symbols : 2, 7 ' - 3
EXXXX3 Bank stabilization : ‘%f“ﬁm@,ﬁ)
~=» Leaning tree 4 ‘ et WY
*x-¥%-x Fence
L__1 Culvert/outfall
Swamp/wetland
VYV Grasses
£3  Tree
= Instream log/tree \
X X ¥ Woody debris ‘%
%% Beaver dam ME Y i
&P Vegetated island fL '
Hea . - | soue
H1i Standing water H1A Back water e % %%-»{@&Q‘
H2  Scarcely perceptible flow ; % @@&?ﬁ
H3  Smooth surface flow | z @ﬁN\ﬁg
H4 Upwelling i
H5 Rippled { 4 kY |
H6  Unbroken standing wave i £ W !
H7  Broken standing wave { ?j%
H8 Chute ”“‘;J
H9 Free fall H9A Dissipates below free fall bl
Substrate : = %
S1  Silt $§6 Small boulder ;’: =
§2 Sand §7 Large boulder &f
§3  Gravel $8 Bimodal f-‘j)l
S$4  Small cobble $9  Bedrock/till Q .
S5 Large cobble '; o
Other , , S ]
BM Benchmark EP Erosion pin B i m%»”,g;}?- —
BS  Backsight RB  Rebar TOPOF , ] Qz;,-f\.é? N
DS Downstream us Upstream ;;i:‘ %ﬁ&’\'ﬁmﬁﬁ - ; k\““w_....% e ni:ﬁ{
WD3J Woody debris jam TR Terrace ’ B / h"‘)f,‘(’é { ‘ { : ‘ I
VWC Valley wall contact FC Flood chute \QK\ \CE- ¢ o Y
BOS  Bottom of slope FP Flood plain Photos:
TOS Top of slope KP Knick point Notes:
Version #4 Senior staff sign-off (if required): ___ Checked by: ____ Completed by:

Last edited: 21/02/2023
Page of




Rapid Geomorphic Assessment

Project Number: 7 33

GEO

e
MORPHIX™

Last edited: 10/02/2023

Date: 291\~ 22 Stream: OWTH TRIB CARDINAL CREEK
Time: 2.5 PM Reach: TRIB %
Weather: OVERCAST -2°C Location: - CARDIN AL CREER WILLAGE
Field Staff: K WA Watershed/Subwatershed: CARDINAL CREEK
- Geomorphological Indicator Present? Factor
No. |[Description Yes No Value
1 |Lobate bar AN
2 |Coarse materials in riffles embedded N
Evidence of 3 |Siltation in pools 5
Aggradation 4 |Medial bars N /
(AD) 5 |Accretion on point bars \ q—
6 |Poor longitudinal sorting of bed materials AN
7 |Deposition in the overbank zone ~N
Sum of indices =| Z_ 5 O l\
1 |Exposed bridge footing(s) N 1A
2 |Exposed sanitary / storm sewer / pipeline / etc. NIA
3 |Elevated storm sewer outfali(s) A
4 |Undermined gabion baskets / concrete aprons / etc. NIA
g;g_‘;gcaeﬁgg 5 |Scour pools downstream of culverts / storm sewer outlets NIA 2 /
(DI) 6 |Cut face on bar forms ™~ 5
7 |Head cutting due to knickpoint migration ~ 3
8 |Terrace cut through older bar material AN
9 |Suspended armour layer visible in bank .
10 |Channel worn into undisturbed overburden / bedrock NS
Sum of indices =| 2, Z Oslo
1 |Fallen / leaning trees / fence posts / etc. ~
2 |Occurrence of large organic debris N
3 |Exposed tree roots ~N
4 |Basal scour on inside meander bends N
E\‘//\;? dznncii of 5 |Basal scour on both sides of channel through riffle N é /
(WI) 7 6 |Outflanked gabion baskets / concrete walls / etc. N/4& q‘
7 |Length of basal scour >50% through subject reach ~
8 |Exposed length of previously buried pipe / cable / etc. {\f,fA
9 |Fracture lines along top of bank S
10 |Exposed building foundation N A
Sum of indices =| (g \ (5. %553
1 |Formation of chute(s) ~.
. 2 |Single thread channel to multiple channel ~.
Evidence of -
Planimetric 3 |Evolution of pool-riffle form to low bed relief form ~ 2
Form 4 |Cut-off channel(s) N /
Adjuitlment 5 |Formation of island(s) ~ -;.
(PL) 6 |Thalweg alignment out of phase with meander form ~
7 |Bar forms poorly formed / reworked / removed ~
Sum of indices =| 22 5 ov2%le
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =l {MQB 4\
In Regime In Transition/Stress |In Adjustment
O 0.00 - 0.20 O 0.21-0.40 P 0.41
g Kom,
Version #3 Senior staff sign-off (if required): Checked by: ;CM Completed by: 5’“"




Rapid Stream Assessment Technique

Project Number: 2205

GEO

M ORPHIX"

Date: 1%-11-23% Stream: SOUWTH TR, CARDINAL (REEK
Time: 215 P Reach: TRI® 2
’ . -{‘:, Thh -
Weather: OVERLAST — Location: CARDWAL CREEK VILLAGE
Field Staff: KS KpAa Watershed/Subwatershed: CARDIN A L CREEK
Category Poor Fair Good Excellent
. < 50% of bank-network « 50-70% of bank network |« 71-80% of bank network « > 80% of bank network
stable b stable stable stable
. Rg’cent bank sloughmg, « Recent signs of bank . Infrequent signs of bank » No evidence of bank
slumping or failure~ sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently observed failure fairly common_ failure failure
. Stream bend areas highly |« Streayﬁénd areas », |+ Stream bend areas stable . Stream bend areas very
unstable unstable ' |« Outer bank height 0.6-0.9 stable
. Outer bank height 1.2 m |. Outer bank height 0.9- | | m above stream bank (1.2- |« Height < 0.6 m above
above stream bank .2 m above stream // 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream bank for large mainstem areas) stream bank for large
bank for large mainstem ‘(1 5-2.1 m above stream . Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large mamétem . Bank overhang < 0.6 m
. Bank overhang > 0.8-1.0 areas)... ..
Channel m - Bank overhang 0. 8:0.?:“
Stability - Young exposed tree roots | Young exp/oseﬁ’ tree roqf;? - Exposed tree roots - Exposed tree roots old,
abundant commo “.. predominantly old and large and woody
+ > 6 recent large tree fails |» 4- 5récent large tree falls | ) large, smaller young roots | . Generally 0-1 recent large
per stream mile p(é/r stream mile scarce tree falls per stream mile
\ . 2-3 recent large tree falls
o per stream mile
« Bottom 1/3 of bank is « Bottom 1/3-of bank-is, « Bottom 1/3 of bank is . Bottom 1/3 of bank is
highly erodible material generally highly erodible generally highly resistant generally highly resistant
« Plant/soil matrix severely rﬁatenal plant/soil matrix or material | plant/soil matrix or material
compromised « Plant/soil matrix _
compromised-—"
« Channel cross-section is | (;paﬁzl cross-section is} . Channel cross-section is . Channel cross-section is
generally trapezoidally- enerally trapezondally v generally V- or U-shaped generally V- or U-shaped
shaped (gh\aped L
Point range Do o102 W3 04 05 06 07 O 8 09 O 10 O 11
« > 75% embedded (> . 50-75% embedded (60- |. 25-49% embedded (35- - Riffle embeddedness <
85% embedded for large 85% embedded for large 59% embedded for large 25% sand-silt (< 35%1
mainstem areas) mainstem areas) mainstem areas) en’rbedded for large.~
mainstem areas)’
. Few, if any, deep pools o Low to- moderate number | « Moderate number of deep |« High number of deep pools
« Pool substrate of’ deep pools 't pools (> 61 cm deep)
composition >81% sand- | ‘Pool substrate , « Pool substrate composition (> 122 cm deep for large
silt \..composition 30-59% sand-siit mainstem areas)
60-80% sand-silt « Pool substrate composition
<30% sand-silt
Ehanicl . Streambed streak marks |. Streambed streak marks |. Streambed streak marks - Streambed streak marks
Scouring/ and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Sedirant sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition common common uncommon
o Fresh, larges: » Fresh, large sand - Fresh, large sand deposits |« Fresh, large sand deposits
depositsvery comm deposits common in uncommon in channel rare or absent from channel
charg" el channel « Small localized areas of . No evidence of fresh
« Moderate to heavy. sand « Small localized areas of fresh sand deposits along sediment deposition on
deposition along major fresh sand deposits along | top of low banks overbank
portion of overbank area top of low banks
» Point bars present at . Pmm:/ba’r?c/oﬁw_’monw . Point bars small and stable, | - Point bars few, small and
most stream bends, derate to large an aﬁ?l\ well-vegetated and/or stable, well-vegetated
moderate to large and unstable with high // armoured with little or no and/or armoured with little
unstable with high amount of fresh sand fresh sand or no fresh sand
amount of fresh sand
Point range Ooo0o o1 0 2 D3‘E&_4 O 5 O 6 o7 0O 8
Version #2 Senior staff sign-off (if required): Checked by: Cl!\ Completed by: K_fb
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GEO

M ORPHI X

23-11-22 220 SOUTH TRYE (ARDINAL |
Category Poor Fair Good Excellent
- Wetted perimeter < 40% |. We perifieter 40 - Wetted perimeter 61-85% | . Wetted perimeter > 85% of

of bottom channel width
(< 45% for large

%o of bottom channkel
( width (45-65% forlarge

of bottom channel width
(66-90% for large

bottom channel width (>
90% for large mainstem

mainstem areas) instem areas)” mainstem areas) areas)

. Dominated by one habitat | » Few pool§ present; fiffles | « Good mix between riffles, « Riffles, runs and pool
type (usually runs) and and runs dominants.., “ runs and pools habitat present
by one velocity and depth | VeI ity and depth |« Relatively diverse velocity «» Diverse velocity and depth

condition (slow and
shallow) (for large
mainstem areas, few
riffles present, runs and
pools dominant, velocity
and depth diversity low)

geherally slow and )
shallow (for large ./
m‘a@stem areas, ruris
and ﬁom&dﬂrﬁ‘ nant,
velocity and depth
diversity intermediate)

and depth of flow

of flow present (i.e., slow,
fast, shallow and deep
water)

Rifﬂ%ﬂ‘b‘s?c‘fé‘té“”‘”
position:
edommantly grave

Riffle substrate
composition:
predominantly small

Riffle substrate
composition: good mix of
gravel, cobble, and rubble

Riffle substrate
composition: cobble,
gravel, rubble, boulder mix

Physical with-high_amount6f sand cobble, gravel and sand material with little sand
Instream » < 5% cobble « 5-24% cobble « 25-49% cobble « > 50% cobble
Habitat « Riffle depth < 10 cm foﬁ « Riffle depth 10-15 cm for | . Riffle depth 15-20 cm for | . Riffle depth > 20 cm for
Iakrgemﬂmsj;em a@gﬂw large mainstem areas large mainstem areas large mainstem areas
. Large po6ls generally % . Large pools generally 30- | . Large pools generally 46-61 | . Large pools generally > 61
30-tm deep (< 61 cm f 46 cm deep (61-91 cm cm deep (91-122 cm for cm deep (> 122 cm for
large mainstem areas for large mainstem large mainstem areas) with large mainstem areas) with
and oid.of-everhead areas) with little or no some overhead good overhead
cover/structure overhead cover/structure cover/structure cover/structure
- Extensive channel « Moderaté amount o  Slight amount of channel « No channel alteration or
alteration and/or point Cﬁannel alteration an /or alteration and/or slight significant point bar
bar Ij moderate increase irf increase in point bar formation/enlargement
formation/enlargement \pciugmgmmwf formation/enlargement
formation/enlargement
« Riffle/Pool ratio 0.49:1 ; Me/Pooi ratio 0.5- t"‘ « Riffle/Pool ratio 0.7-0.89:1 |. Riffle/Pool ratio 0.9-1.1:1
>1.51:1 %0,69:1; 1.31-1. 51 ; 1.11-1.3:1
. Summer afternoon water |. Summer afternoon water |« Summer afternoon water - Summer afternoon water
temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C
Point range DODI""QZ O3 0O 4 O 5 0O 6 O 7 0O 8

Water Quality

Substrate fouling level:
High (> 50%)

» Substrate fouling level:
Moderate (21-50%)

\Sléb’s“ﬁ'éte fouling level:

ry.light (11-20%)

Substrate fouling level:
Rock underside (0-10%)

°

Brown colour
TDS: > 150 mg/L

- Grey colour
. TDS: 101-150 mg/L

°

Slightly grey colour
TDS: 50-100 mg/L

= €+eaﬁr’“

m— L\,\

““\

Objects visible to depth
< 0.15m below surface

« Objects visible to depth
0.15-0.5m below surface

Objects visible to depth
0.5-1.0m below surface

ObJects V|51ble to depth
> 1.0m below.surface

Moderate to strong

« Slight to moderate

Slight organic odour

ﬁdour ) ‘1

organic odour organic odour il
Point range oo o1 0 2 O3 0O 4 O5 O 6 %7!38
« Narrow riparian area of |+ Riparian area « Forested buffer generally ide-{="60 m) mature
mostly non-woody predominantly wooded > 31 m wide along major f rested buffer along bOt‘%’l
o vegetation but with major localized portion of both banks b”hnks
Riparian e -
: gaps
Habitat =
Conditions | * Canopy coverage: « Canopy coverage: 50- - Canopy coverage: - Canopy | coverage: A
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% >80% shading (> 60%, for
large mainstem areas) for large mainstem for large mainstem areas) large»mamstem areas)
areas)
Point range oo o1 o2 0 3 O 4 OS5 o6 § 7
Total overall score (0-42) = 2 5 Poor (<13) air (13-24) Good (25-34) Excellent (>35)

P
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GEO

A Y -
Reach Characteristics Project Number: a%d7e ’ noRpHIX
Date: A0RT-11-4R Field Staff: S Em Watershed/Subwatershed: | CHED I AL CEFE E
Time: = Stream: CHEDIN AL (0 EE¥ 1)B UTM (Upstream):
Weather: SUN sCoup -3t Reach: T4 UTM (Downstream):
Land Use Valley Type Channel Type Channel Zone Flow Type ) . .
G Location: Photo:
(Table 1) ii 5 | (Table 2) & (Table 3) \% (Table 4) & (Table 5) || B evidence of Groundwater Location e
[ Riparian Vegetatibn ] Aquatic & Instream Vegetation I Water Quality
Dominant Type \ g Coverage Channel Widths Age (yrs) Type / Woody Debris WD Density Odour Turbidity
(Table 6) l O None O1-4 O Immature (<5) (Table 8) ﬁln Cutbank [ Low WDJ/50m: (Table 16) (Table 17)
N h 0 Mod i
EY— m| Fragr'nented 4-10 ¥ Established (5-30) feach O .In Channel .o @ | g
(Table 7) i gContmuous > 10 KMature (>30) Coverage % O Not Present %ngh
Channel Characteristics o
Sinuosity Type /A Sinuosity Degree 3 Bank Angle Bank Erosion (Table 19) Cl ay Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) (Table 10) 0o0-30 0< 5% Bank O O O O
Gradient | 22 # of Channeis [ | 0130 - 60 05 - 30% Riffle o X K X o O
(Table 11) | O PRNE (Table 12) | ¢ %60 -90 030 - 60% Pool O }i O O O O
Entrenchment b | Bank Failure [t:Z; Undercut \,ﬁﬁo - 100% ~ Bed
(Table 13) a (Table 14) | &;in b o . U - = = U
Down’s Model Bankfull Indicators Bankfull Width Yooty ¢ .
(rable 15) | &0 (Table 18) | '\ (m) | 403 %mé D:SD|  wetted width (m) || M2 108 0:%S
i o i iy kfull Depth PoORM < 2 ;
Seg_:a;tlzrg PE; Sedlment(;l';::rsvlzr; O Yes ﬁ\No O Not Visible Benkis e(’l’:) @,ﬁ% DeFnED H8%| Wetted Depth (m) Ogi 5 oz 0:0%F
Mod e?‘:’:g; p;g \ % of Bed Active O Undercuts (m) |),50 \wWeD G;ES, Velocity (m/s) |D.0ig o'\e 0<
Geomorphic Mass Movement Pool Depth i A ol Velocity Estimate |wi¥EE WIFRE witsie
Units (Table 22) | 4iS (Table 23) (‘{ (m) D O:lig 0:24 Method |2 ntq SRl BYWL
iffle~ ’ : der Amplitud 2 x
sp:;fif:‘; g:‘)’: N % Riffles: |0 | % Pools: | {0 | Riffle Length (m) | 4 4~ | MeanderAmp lt?m.; 3,00 3860 .00
Notes:
- L HVINE ﬁim TEOM ‘i’\i:x *i LY - W\ C LHH f@“}@“%‘ {
c@  LBPhE P orRION RO SUOE  OBRLERAED
—FACEN  TWEE R(POT  CRNNEL £QAMMON _ N
- S02CEDR ¥ ige OIS Cix MALGR S‘%\!@:«* e (R i"m%‘f‘- FEAT VRS & PIC eXTENT —
SOTBNNEL Ben FLlT (0MOATT CLAY— CVIOFNCE I8 RED SO UE DUE 16 cQUNY. DEMave
- EXPOSED ¥o »‘h} LeANEG ’niw £ O MAADOR
-Cioue. 0N BOTHR @ AaNEC
Photos:
"4
Version #4 Senior staff sign-off (if required): Checked by: ;—;i Completed by: ‘i—» ?"_‘g

Last edited: 04/04/2023
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GEO

M ORPHIX"

General Site Characteristics Project Number: ﬁ%@’fﬁﬁ
Date: 202 - LI Stream: CHEDINAL (REF
Time: Reach: 5 ) "ﬁ%
Weather: Clov 5%5 Sy -4° |Location: ORLEANS
Field Staff: ¥< Em Watershed/Subwatershed: | (@ DiniAL O g%ﬁi
Features : Monitoring : Site Sketch =7 \%5"“% [— ’W
= Reach break -0-0-0- Long-profile Mﬁ N“ZEE T ety
R station location Monumented XS
*—X  Cross-section @ Monumented photo
——*> Flow direction ¢ Monumented photo
~AA Riffle direction
> Pool W sediment sampling
@B Sediment bar Erosion pins
H#H#  Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols - | MRNY
Bank stabilization bowpl ?ﬁf &£
Leaning tree & *ﬁ%@”ﬁ; £y :
Fence
L1 Culvert/outfall
Swamp/wetland ;f:)
YVVY Grasses
£3 Tree
@ Instream log/tree
X X ¥ Woody debris i
D% Beaver dam L {0 W)
D  Vegetated island
Flow Type
H1  Standing water H1A Back water 2 "
H2  Scarcely perceptible flow » H
H3  Smooth surface flow
H4  Upwelling @;& A W “{,{;jjg’g*“
H5 Rippled P
H6  Unbroken standing wave Wﬁ“% > c-
H7  Broken standing wave By il alill
H8 Chute
H9  Free fall H9A Dissipates below free fall
Substrate : . ,
S1  Silt S$6  Small boulder
§2 Sand- S§7 Large boulder
S3 Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till »
S5 Large cobble I
Other , -
BM Benchmark EP Erosion pin
BS  Backsight RB  Rebar ]
DS Downstream us Upstream
WD] Woody debrisjam TR Terrace { | ]
VWC Valley wall contact FC Flood chute i
BOS Bottom of slope FP Flood plain Photos '
TOS  Top of slope KP Knick point Notes
Version #4 Senior staff sign-off (if required): Checked by: Completed by: ig M

Last edited: 21/02/2023
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Rapid Geomorphic Assessment

GEO

MORPHIX"

Project Number: 723070

Last edited: 10/02/2023

Dater 29-11-23 Stream: SOUTHTRIG CARDINAL CREEK
Time: 2:45 PM Reach: TRIB 4 (FARTHEST DISY
Weather: OVERC,P(%T) -7 Location: 7 CARDINAL CrEEK VILLAGE
Field Staff: Ke KM Watershed/Subwatershed: | CAgpDigAL CREEK
Geomorphological Indicator Present? Factor
Process et Value
No. [Description Yes No
1 |Lobate bar .
2 |Coarse materials in riffles embedded ™~
Evidenss of 3 |Siltation in pools ™~
Aggradation 4 |Medial bars o 2/
(AD) 5 |Accretion on point bars Y :}
6 |Poor longitudinal sorting of bed materials N
7 |Deposition in the overbank zone s X
Sum of indices =| 2 5 [ /2%
1 |Exposed bridge footing(s) nIA
2 |Exposed sanitary / storm sewer / pipeline / etc. Nfﬁ
3 |Elevated storm sewer outfali(s) MNIA
4 |Undermined gabion baskets / concrete aprons / etc. NIA
Evidence of 5 |Scour pools downstream of culverts / storm sewer outlets ATA 4 /
Degradation
(DI) 6  |Cut face on bar forms ~ 5
7 |Head cutting due to knickpoint migration N
8 |Terrace cut through older bar material .
9 |Suspended armour layer visible in bank ~
10 |Channel worn into undisturbed overburden / bedrock S
| Sum of indices =| A { O8O
1 |Fallen / leaning trees / fence posts / etc. AN
2 |Occurrence of large organic debris ~
3 [Exposed tree roots .
) 4 |Basal scour on inside meander bends N é
E\\/’\;‘d de:nciig()f 5 |Basal scour on both sides of channel through riffle ~N / )
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. NIA ‘:?‘
7 _|Length of basal scour >50% through subject reach N
8 |Exposed length of previously buried pipe / cable / etc. N A
9 |Fracture lines along top of bank ~
10 |Exposed building foundation NIA
Sum of indices =| (g ! 05+
1 |Formation of chute(s) ~
) 2 |Single thread channel to multiple channel ~
Evidence of
Planimetric 3 |Evolution of pool-riffle form to low bed relief form ~
Form 4 _|Cut-off channel(s) N 2 /
Adju(ls:tgwent 5 |Formation of island(s) . ?‘
6 |Thalweg alignment out of phase with meander form ~
7 |Bar forms poorly formed / reworked / removed ~
Sum of indices =| 2_ [ 0, 2%k
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =! 0\55’1}'-
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20 O 0.21-0.40 ‘ﬁ 0.41
Version #3 Senior staff sign-off (if required): Checked by: m_ Completed by: i<§__




Rapid Stream Assessment Technique

GEO

M ORPHIX™

Project Number: 72209

Date: 2%-11-2% Stream: SOMTH TRIB LARDINAL CREEK
Time: 2,45 Reach: TA (FARTHEST DS TRIB)
Weather: OVERCAST -2C LotehioR: CARDINAL CREEK VILLAGE
Field Staff: KS kmwm Watershed/Subwatershed: CARDINAL CREEK
Category Poor Fair Good Excellent
< 50% fabarﬂ("n“é't‘vvork . 50-70% of bank network |. 71-80% of bank network « > 80% of bank network
stabie ™ stable stable stable
- Recent bank sloughmg, » Recent signs of bank « Infrequent signs of bank . No evidence of bank
‘sLumpmg or failure—~ sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently ‘observed failure fairly common failure failure
. Stream bend areas highly |« Stre/gm"b“e‘rid”éreas . | Stream bend areas stable » Stream bend areas very
unstable Stable *\ |+ Outer bank height 0.6-0.9 stable
« Outer bank height 1.2 m “Outer bank height 0.9- | m above stream bank (1.2- | Height < 0.6 m above
above stream bank 1.2 m above stream ; 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream x bank for large mainstem areas) stream bank for large
bank for large mainstem (1.5-2.1 m above stream . Bank overhang 0.6-0.8 m mainstem areas)
areas) \\mk for large mams,tem . Bank overhang < 0.6 m
. Bank overhang > 0.8-1.0 areas) e
Channel m » Bank overhang 0.8-0.9m
Stability « Young exposed tree roots |- Youn osed tree«'"'“@ts . Exposed tree roots . Exposed tree roots old,
abundant sefAmon predominantly old and large and woody
. > 6 recent large tree falls QE recent large tree,falls large, smaller young roots | . Generally 0-1 recent large
per stream mile perstream mile—~ scarce tree falls per stream mile
. 2-3 recent large tree falls
per stream mile
« Bottom 1/3 of bank is . Bottom ~of bankis ™ « Bottom 1/3 of bank is . Bottom 1/3 of bank is
highly erodible material @rally highly ero rble generally highly resistant generally highly resistant
« Plant/soil matrix severely material plant/soil matrix or material | plant/soil matrix or material
compromised PLant/sorI matrix.
e o
. Channel cross-section is « Channel cross-section is |« Channel Cross- SeCtIOn\JS . Channel cross-section is
generally trapezoidally- generally trapezoidally- generally V-or U shaped generally V- or U-shaped
shaped shaped o
Point range Ooo o102 O3 § 4 OS5 o6 O 7 O 8 O9 O 10 O 11
« > 75% embedded (> . 50-75% embedded (60- |+« 25-49% embedded (35- « Riffl mbeddednes§\<
85% embedded for large 85% embedded for large 59% embedded for large 25% sand-silt (< 35%
mainstem areas) mainstem areas) mainstem areas) embedded LQE large”
— mainstem areas)
. Few, if any, deep pools . Low’tﬁaderate number « Moderate number of deep |« High number of deep pools
« Pool substrate f deep pools /| pools (> 61 cm deep)
composition >81% sand- | «{ Pool substrate " |« Pool substrate composition (> 122 cm deep for large
silt position " 30-59% sand-silt mainstem areas)
60-80% sand-silt » Pool substrate composition
<30% sand-silt
Channel . Streambed streak marks |« Streambed streak marks |+ Streambed streak marks » Streambed streak marks
. and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
Scouring/ : . : : : . ! :
Sudlifneht sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition common common uncommon
« Fresh, large sand - Fresh, large sand - Fresh, large-sand depds - Fresh, large sand deposits
deposits very common in | deposits common in upesmmon in channel rare or absent from channel
channel channel - /Small localized areas of- - No evidence of fresh
. Moderate to heavy sand |+ Small localized areas of fresh sand deposits along sediment deposition on
deposition along major fresh sand deposits along ) of low banks™ overbank
portion of overbank area top of low banks
« Point bars present at » Poi ars common, ‘\\ « Point bars small and stable, | Point bars few, small and
most stream bends, oderate to large and well-vegetated and/or stable, well-vegetated
moderate to large and nstable with high /| armoured with little or no and/or armoured with little
unstable with high amount of fresh.sand™ fresh sand or no fresh sand
amount of fresh sand
Point range oo o1 02 O3 0 4 W5 06 O 7 0O 8
Version #2 Senior staff sign-off (if required): Checked by: M Completed by: _IK >

Last edited: 10/02/2023
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GEO

MORPHIE™

[Ba J 2%-1-23 2209 SOUTH TRIE CARDINAL
Category Poor Fair Good Excellent
« Wetted perimeter < 40% |. Wyeblzefd”“ﬁ“é?ﬁeter 40- - Wetted perimeter 61-85% | . Wetted perimeter > 85% of
of bottom channel width 0% of bottom channel, of bottom channel width bottom channel width (>
(< 45% for large idth (45-65% for large (66-90% for large 90% for large mainstem
mainstem areas) mainsterm areas) mainstem areas) areas)
- Dominated by one habitat | . Few pools prese i#fles | « Good mix between riffles, « Riffles, runs and pool
type (usually runs) and i runs and pools habitat present
by one velocity and depth | . « Relatively diverse velocity « Diverse velocity and depth
condition (slow and and depth of flow of flow present (i.e., slow,
shallow) (for large / fast, shallow and deep
mainstem areas, few water)
riffles present, runs and C
pools dominant, velocity veloC epth
and depth diversity low) diversity mtermgglate)
» Riffle substrate . Substrate « Riffle substrate - Riffle substrate
composition: omposition: composition: good mix of composition: cobble,
predominantly gravel predominantly small gravel, cobble, and rubble gravel, rubble, boulder mix
Physical with high amount of sand ble, gravel and sapd material with little sand
Instream » < 5% cobble . 5-24% cobble—" « 25-49% cobble - > 50% cobble
Habitat « Riffts depth < 10 cm for

\
large mainstem areas .

« Riffle depth 10-15 cm for
large mainstem areas

«» Riffle depth 15-20 c¢m for
large mainstem areas

Riffle depth > 20 cm for
large mainstem areas

» Lar

cm deep (< 61 cm Yor
flarge mainstem areas)
nd devoid of overhead-
cOo tructure

Large pools generally 30-
46 cm deep (61-91 cm
for large mainstem
areas) with little or no
overhead cover/structure

.

« Large pools generally 46-61
cm deep (91-122 cm for
large mainstem areas) with
some overhead
cover/structure

Large pools generally > 61
cm deep (> 122 cm for
large mainstem areas) with
good overhead
cover/structure

. @(teﬂ'sive channel™

~alteration and/or pomt \

bar

»_fgrmation/enlargement 4

Moderate amount of
channel alteration and/or
moderate increase in
point bar

formation/enlargement

« Slight amount of channel
alteration and/or slight
increase in point bar
formation/enlargement

No channel alteration or
significant point bar
formation/enlargement

- Riffle/Pool ratio 0.49:1 ;
=1.51:1

s’f’f{iffle/ Pool ratio 0.5:;7

0.69:1 ; 1.31-1.5:1

Riffle/Pool ratio 0.7-0.89:1
; 1.11-1.3:1

Riffle/Pool ratio 0.9-1.1:1

« Summer afternoon water
temperature > 27°C

« Summer afternoon water
temperature 24-27°C

« Summer afternoon water
temperature 20-24°C

°

Summer afternoon water
temperature < 20°C

[ Point range

oo o1 2

O3 04

O7 0O 8

Water Quality

 Substrate fouling level:
High (> 50%)

» Substrate fouling level:
Moderate (21-50%)

O5 0O 6
« Supstrate fouling level;
Verylight (11-20%)

Substrate fouling level:
Rock underside (0-10%)

« Brown colour
« TDS: > 150 mg/L

Grey colour
- TDS: 101-150 mg/L

Slightly grey colour
TDS: 50-100 mg/L

C%ar flow N
TDSr<-50mg/L.

« Objects visible to depth
< 0.15m below surface

« Objects visible to depth
0.15-0.5m below surface

« Objects visible to depth
0.5-1.0m below surface

Objects visible to depth
> 1.0m below surface

» Moderate to strong « Slight to moderate « Slight organic odour . Ng/odour \&f
organic odour organic odour ~—
Point range Ooo o110 2 O3 0 4 O 5 0O 6 ﬂ77D8
« Narrow riparian area of » Riparian area - Forested buffer generally » Wide™ (> 60 m) mature %
mostly non-woody predominantly wooded > 31 m wide along major forested buffer along both
o vegetation but with major localized portion of both banks anks
Riparian T
: gaps
Habitat
Conditions » Canopy coverage: » Canopy coverage: 50- « Canopy coverage: - Canopy coverage: "«
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% | 580% shading (> 60% for
large mainstem areas) for large mainstem for large mainstem areas) Iarge mainstem areas)
areas)
Point range 0Ooo o1 o2 0O 3 O4 O 5 06 7
Total overall score (0-42) = z 5 Poor (<13) Fair (13-24) (\\ood (25 34) Excellent (>35)
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Reach Characteristics

Project Number:

2P0

GEO

MORP K | yu

Date: lO=-10=-24 Field staff: KS CM My Watershed/Subwatershed: ] OTTAWA RWEE

Time: \ OV 20 Stream: ARDINAL CRE® ¥ UTM (Upstream):

Weather: \O't suawwvcLous Reach: | cio UTM (Downstream): l

Land Use Valley Type Channel Type Channel Zone Flow Type . .

(mable 1) | 1 | (rable 2) Z | (rable 3) 9 | ravle 4) 2/% | (rabie 5) || O evidence of Grouncwater tocation: ______ Photo;

Riparian Vegetation , ,i\quatic & Instream Vegetation ‘] Water Quality ‘

Dominant Type [ / Coverage  Channel Widths Age (yrs) Type Woody Debris WD Density Odour Turbidity
(Table 6) _ 4 T None O1-4 O Immature (<5) (Table 8) 2| @ InCutbank O Low (Table 16) (Table 17)

Encroachment | O Frag.mented 04-10 B Established (5-30) R ‘ﬁ In Channel @ N!od

(Table 7) Z B4 Continuous > 10 ® Mature (>30) Coverage % /0 O Not Present I High

Lchannel Characteristics

Sinuosity Type 2 Sinuosity Degree | _ Bank Angle Bank Erosion (Table 19)  cClay/silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) | 2 (Table 10) | % 0o-30 0 < 5% Bank N O N ] O N 0
Gradient ) # of Channels 2 %30 - 60 05-30% Riffle O O = ] = (] 0
(Table 11) (Table 12) 060 ~ 90 30 - 60% Pool I N = ™
S |
Entrenchment Bank Failure §4 Undercut 060 - 100% _ Bed
(Table 13) (Table 14) |2/ 5 ke e - = | - O a O
Down’s Model Bankfull Indicators 1)5) Bankfull Width ol e L ) . ceel ol
(Table 15) | ™ (Table 18) | 5 (m) | 58 DETAILED egeds, Wetted Width (m) OEE DEMAILED Ac
Sed Sorting c Sediment Transport oo Bankfull Depth
(Table 20y |MS Observed? [ Yes BINo O Not Visible (m) Wetted Depth (m)
Transport " ) 1 i
Mode (Table 21) N/{\ % of Bed Active Undercuts (m) Velocity (m/s) D D D
Geomorphic Mass Movement Pool Depth y Velocity Estimate
Units (Table 22) |ALL (Table 23) |NIA (m) ) Method
Riffle-Pool ’ . e ey . Meander Amplitude | -
Spacing (m): | 10720 e (25 || % Pomin H e wnaih in] D 1:] ™ M
Notes: DETAILED Ams; SOMENT COMPLETED romic WRRENTLY W RaAPID ASSESSVENT — NO BE OR wWw MEA= REME VTS, KL
USING ANALOG METHOD=
Photos:
Version #4 Senior staff sign-off (if re uired): Checked by: C . S
gn-off (if required) 4 Ompleted by: K

Last edited: 04/04/2023
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Rapid Geomorphic Assessment

Project Number: ;5553

GEO

MORPHI X"

Date: [o-10=-24 Stream: CARDINAL CREEK
Time: 10 20 Reach: ([&)
Weather: \0 ¢ suN/cLoun Location: ORLEANS
Field Staff: KS C©M MK Watershed/Subwatershed: CTTAWA RIER
Geomorphological Indicator Present? Factor
Rrocess No. |Description Yes No Value
1 |Lobate bar M
2 |Coarse materials in riffles embedded K
Evidence of 3 |Siltation in pools Y % /
Aggradation 4 |Medial bars b T+
(AD 5 |Accretion on point bars b
6 |Poor longitudinal sorting of bed materials S
7 |Deposition in the overbank zone D4
Sum of indices =| % A | 0.428
1 |Exposed bridge footing(s) NIA
2 |Exposed sanitary / storm sewer / pipeline / etc. Al A
3 |Elevated storm sewer outfall(s) NIA
) 4 |Undermined gabion baskets / concrete aprons / etc. Ded
g‘e"gd:;?ﬁg; 5 |Scour pools downstream of culverts / storm sewer outlets NIA ’2_ /
(DI1) 6 |Cut face on bar forms e [o
7 |Head cutting due to knickpoint migration b4
8 |Terrace cut through older bar material \A
9 |Suspended armour layer visible in bank X
10 [Channel worn into undisturbed overburden / bedrock .
Sum of indices = 1T A 0223
1 |Fallen / leaning trees / fence posts / etc. N
2 |Occurrence of large organic debris X
3 |Exposed tree roots 3
) 4 |Basal scour on inside meander bends ¢
E\‘z? deenncii:f 5 |Basal scour on both sides of channel through riffle X =y
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. X ‘%
7 |Length of basal scour >50% through subject reach X
8 |Exposed length of previously buried pipe / cable / etc. N/A
9 |Fracture lines along top of bank X
10 |Exposed building foundation N JA
Sum of indices =| 2 0.625
1 |Formation of chute(s) X
) 2 |Single thread channel to multiple channel X,
Evidence of " - v
Planimetric 3 |Evolution of pool-riffle form to low bed relief form X 4
Form 4 [Cut-off channel(s) X /:?'
Adjlgt;)"e"t 5 |[Formation of island(s) X
6 |Thalweg alignment out of phase with meander form X,
7 |Bar forms poorly formed / reworked / removed XY
Sum of indices =| 4 ) 0.5F
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =| (), 49
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20 0O 0.21-0.40 @ 0.41
Version #3 Senior staff sign-off (if required): Checked by: __ Completed by: _KS

Last edited: 10/02/2023




Mam Assessment Technique

Project Number: 25010

GEO

MmO MR

Date: Ry PR o i

\W=10-24 Stream: CARDINAL LREC K

Thmia: 1030 Reach: clo

Weather: \o € SUN/SLOUD Location: CRLEANS

m KS ecM MK Watershed/Subwatershed: CTTAVLA RIVER

| Category Poor Fair Good Excellent

« < 50% of bank network |« 50-70% of bank network |+ 71-80% of bank network « > 80% of bank network
stable stable stable stable

« Recent bank sloughing, « Recent signs of bank . Infrequent signs of bank . No evidence of bank
slumping or failure sIoughlngrslurnpmg or sloughing, slumping or sloughing, slumping or
frequently observed failure fairly common failure failure

« Stream bend areas highly |« Stream bend-areas . Stream bend areas stable « Stream bend areas very
unstable unstable . Outer bank height 0.6-0.9 stable

« Outer bank height 1.2 m |« Outer bank height 0.9- m above stream bank (1.2- |- Height < 0.6 m above
above stream bank 1.2 m above stream 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream bank for large mainstem areas) stream bank for large
bank for large mainstem (1.5-2.1 m above stream | . Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large mainstem . Bank overhang < 0.6 m

« Bank overhang > 0.8-1.0 areas)

Channel m « Bank overhang 0.8-0.9m
Stability « Young exposed tree roots |« Young exposed tree roots | « Exposed tree roots. « Exposed tree roots old,
abundant common predominantly old and large and woody

« > 6 recent large tree falls |+ 4-5 recent large tree falls | large, smaller young roots « Generally 0-1 recent large
per stream mile per stream mile scarce tree falls per stream mile

« 2-3 recent large tree falls
per stream mile

« Bottom 1/3 of bank is « Bottom 1/3 of bank is « Bottom 1/3 of bank is™, « Bottom 1/3 of bank is
highly erodible material generally highly erodible generally highly resistan"\t generally highly resistant

« Plant/soil matrix severely material plant/soil matrix or mat/erial plant/soil matrix or material
compromised « Plant/soil matrix

compromised -

« Channel cross-section is |« Channel cross-section is. |« Channel cross-section is « Channel cross-section is
generally trapezoidally- generally trapezoidally- generally V- or U-shaped generally V- or U-shaped
shaped shaped

Point range 00 O0O1 0 2 03 04 B 5 06 O 7 0O 8 09 O 10 O 11

« > 75% embedded (> « 50-75% embedded (60- |+ 25-49% embedded (35- . Riffle embeddé&ness <
85% embedded for large 85% embedded for large 59% embedded for large 25% sand-silt (< 3
mainstem areas) mainstem areas) mainstem areas) embedded for IargQ/

mainstem areas)”

. Few, if any, deep pools «+ Low to moderate number | . Moderate number of deep |+ High number of deep pools

« Pool substrate of deep pools pools (> 61 cm deep)
composition >81% sand- |« Pool substrate « Pool substrate composition (> 122 deep for large )
silt composition 30-59% sand-silt mainstem areas) /

60-80% sand-silt « Pool substrate composntk{n
<30% sand-silt
Eianeel . Streambed streak marks |« Streamped streak marks |. Streambed streak marks « Streambed streak marks
Scouring/ and/or "banana”-shaped and/or "banana”-shaped and/or "banana”-shaped and/or “banana”-shaped
Sediment sediment deposits sediment deposits sediment deposits sediment deposits absent
Deposition common common uncommon NJA

. Fresh, large sand « Fresh, large sand . Fresh, large sand deposits |« Fresh, large sand deposits
deposits very common in deposits common in uncommon in channel rare or absent from channel
channel channel « Small localized areas of/ « No evidence of fresh

. Moderate to heavy sand |« Small localized areas of fresh.sand deposits along sediment deposition on
deposition along major fresh sand deposits along | top of low-banks overbank
portion of overbank area top of low banks

« Point bars present at « Point bars common, - Point bars-small and stable, |. Point bars few, small and
most stream bends, moderate to large and well-vegetated and/or stable, well-vegetated
moderate to large and unstable with high armoured with little or no and/or armoured with little
unstable with high amount of fresh sand fresh sand or no fresh sand
amount of fresh sand Dl

Point range 0o o010 2 03 0O 4 OS5 06 o7 O 8
Version #2 Senior staff sign-off (if required): Checked by: Completed by:
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GEO

MORPHI X"

Riparian
Habitat
Conditions

mostly non-woody
vegetation

predominantly wooded
but with major localized
gaps

Date: | |0- (-7 4 207 o Locatlon: | CI10O CARDINAL CREEK
Category Poor Fair Good Excellent
+ Wetted perimeter < 40% |. Wetted perimeter 40- . Wetted perimeter 61-85% |+ Wetted perimeter > 85% of
of bottom channel width 60% of bottom channel of bottom channel width bottom channel width (>
(< 45% for large width (45-65% for large | (66-90% for large 90% for large ma'nstem
mainstem areas) mainstem areas) mainstem areas) areas)
+ Dominated by one habitat | . Few pools present, riffles |« Good mix between riffles, - Riffles, runs-and poolﬁv-
type (usually runs) and and runs dominant. runs and pools habitat present
by one velocity and depth |« Velocity and depth - Relatively diverse velocity |« Diverse velocity and depth
condition (slow and generally slow and and depth of flow of flow present (i.e., slow,
shallow) (for large shallow (for large fast, shallow and deep,
mainstem areas, few mainstem areas, runs water)
riffles present, runs and and pools dominant, s
pools dominant, velocity velocity and depth — -
and depth diversity low) diversity intermediate) I
- Riffle substrate « Riffle substrate « Riffle substrate + Riffle substrate \\
composition: composition: composition: good mix of composition: cobble, ’
predominantly gravel predominantly small gravel, cobble, and rubble gravel, rubble, boulder mix
Physical with high amount of sand | cobble, gravel and sand material with little sand
Instream | . < 5% cobble + 5-24% cobble + 25-49% cobble |+ > 50% cobble—
Habitat . Riffle depth < 10 cm for |- Riffle depth 10-15 om for |- . Riffle depth 15-20 cm for )|« Riffle depth > 20 cm for
large mainstem areas large mainstem areas ~large mainstem areas large main;tem_agps\
+ Large pools generally < | . Large pools generally 30- | . Large pools generally 46-61 | - Large pools generally >\61
30 cm deep (< 61 cm for 46 cm deep (61-91 cm cm deep (91-122 cm for cm'deep (> 122 cm for ;
large mainstem areas) for large mainstem large mainstem areas) with large mainstem areas) with
and devoid of overhead areas) with little or no some overhead good overhead .
cover/structure overhead cover/structure cover/structure — cover/structure
« Extensive channel » Moderate amount of . S)igt(amount of channel « No channel alteration or
alteration and/or point channel alteration and/or | alteration and/or slight significant point bar
bar moderate increase in increase in point bar formation/enlargement
formation/enlargement point bar formation/enlargement
formation/enlargement
- Riffle/Pool ratio 0.49:1; |. leﬂe/P/I ratio 0.55_ « Riffle/Pool ratio 0.7-0.89:1 | . Riffle/Pool ratio 0.9-1.1:1
215151 0.69:1; 1.31-1.5:1 - 3 1.11-1.3%1
+ Summer afternoon water |+ Summer afternoon water |+ Summer afternoon water « Summer afternoon water
temperature > 27°C temperature 24-27°C temperature 20-24°C temperature < 20°C  pJJA
Point range 00 O1 0 2 O3 0O 4 OS5 e o7 0O 8
. Su/bstatefuuﬂﬁ'g"lém\ « Substrate fouling level: | . Substrate fouling level: - Substrate fouling level:
High (> 50%) J Moderate (21-50%) Very light (11-20%) Rock underside (0-10%)
» Brown colour Grey colour » Slightly grey colour « Clear flow
) - TDS: > 150 mg/L » TDS: 101-150 mg/L « TDS: 50-100 mg/L - TDS: < 50 mg/L
Water Quality : = - =
. OEJects visible to de\ « Objects visible to depth |« Objects visible to depth » Objects visible to depth
<0.15m below surface 0.15-0.5m below surface 0.5-1.0m below surface > 1.0m below surface
« Moderate to strong « Slight to moderate #Slight organic odout « No odour
organic odour organic odour e
Point range oo o1 0 2 g 3 0O 4 O5 0O e6 o7 O 8
. Narrow riparian area of « Riparian area - Forested buffer generally « Wi 60 m) mature \

> 31 m wide along major
portion of both banks

farested buffer along both’
banks—

Canopy coverage:
<50% shading (30% for
large mainstem areas)

Point range

« Canopy coverage: 50-
60% shading (30-44%
for large mainstem

« Canopycoverage:
60-79% shading (45-599
\for Iarge mainstem area,s)

» Canopy coverage:

>80% shading (> 60% for
large mainstem areas)

Total overall score (0-42) =

areas) — —
0o O1 o2 0 3 04 OS5 o e O 7
2 b Poor (<13) Fair (13-24) ood (25-34 Excellent (>35)
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Detailed Assessment Long Profile (Total Station) Project Code:

AN

GEO

MORPHIX"

Date:

Reach:

Time: in’

Location:

L

i) 1 & AN Y

Weather:

Watershed/Subwatershed:

Field Staff:

Rain in last 24 hours:

O None [IYes: Amount mm

Point No.

Code

Notes

Survey Direction

O Upstream to Downstream

/
“E.Downstream to Upstream

Cross-sections

No. of Cross-sections Surveyed: £

Monitoring Cross-sections: [l NoW/E:Yes
Xsi: _S __/ /

Erosion Pin Installed: [ No ;ﬁ(‘Yes

&

XS ID: _o / /

Velocity & Sediment Transport

@ Velocity (.11 _m/s  Method:

[ Discharge m3/s

Sed. Transport (Table 21): O Susbended
[I Saltation [ Sliding [ Rolling

Percentage of Bed Active: @) %

Valley Type

Iﬁ\Confined O Partially O Unconfined

éhannel Zone

[0 Headwater /ﬁTransfer [J Deposition

Land Use

FOREST / FLO0D PLRIN (

Vegetation

[

Aquatic Vegetation_:

Coverage of Reach: ___ & %
ngIn Stream [0 Margins O On Bank
Riparian Vegetation: [ No P{Yes
Extent of Riparian Cover:

O Fragment [1 None %Continuous
Riparian Cover (channel widths):

O 1-4 0 4-10 )zj >10
Age Class of Riparian Vegetation:
Immature Established Mature

(<5yrs) O (5-30 yrs) 5‘3<(>30 yrs)
Extent of Encroachment:

O None Minimal O Moderate
O Heavy O Extreme
Density of Woody Debris:
Low O Moderate O High
Blockage(s) in Channel:
O Infrastructure O Dam /ég/l_WD

Version #3
Last edited: 21/02/2023
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General Site Characteristics

Project Number:

GEO

MORPHIX™

Date: Stream:
Time: Reach:
Weather: Location:
Field Staff: Watershed/Subwatershed:
Features Monitoring SitF Sketch Compass
= Reach break -0-0-0- Long-profile
R station location L1 Monumented XS oy f
X Cross-section @ Monumented photo » \y
— Flow direction i Monumented photo / \
A Riffle direction ‘ Y-
> Pool W Sediment sampling ’ '
@& Sediment bar O Erosion pins ' \
)
i Eroded bank/slope 8 Scour chains ( v

Undercut bank
Bank stabilization
Leaning tree

Additional Symbols

i

Fence k
L1 Culvert/outfall ‘ {\\
Swamp/wetland l \( f 4,“ "!\\\
VVY Grasses ¢ |
€3 Tree \ /X \ N
= Instream log/tree X v, J
X X ¥  Woody debris b > E
%  Beaver dam ( e
QD Vegetated island & o 5 7
Flow Type \ | 1 \4; v { e ) J;‘,
H1  Standing water H1A Back water = Ay : | i
H2  Scarcely perceptible flow ) I
H3  Smooth surface flow
H4  Upwelling . ( kil
H5 Rippled < 4 \!
H6  Unbroken standing wave N \ \:, i
H7  Broken standing wave Lg‘] { !
H8 Chute , v
H9  Free fall H9A Dissipates below free fall |
Substrate .
s1  silt $6  Small boulder
s2 Sand S7  Large boulder \ ¥ >
§3 Gravel S8 Bimodal CLympd . X
S4  Small cobble s9  Bedrock/till "N Y - »
S5 Large cobble N\ N \/ !
Other \) SN 2
BM Benchmark EP Erosion pin N\ M ; :
BS  Backsight RB  Rebar W N ' N
DS Downstream us Upstream \ i K ¥ if ( (RR!
WDJ Woody debris jam TR Terrace g ’ | f l I
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain Photos:
TOS Top of slope KP Knick point Notes:
i ‘\
Version #4 Senior staff sign-off (if required): Checked by: Completed by: ="'
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Detailed Cross-Section Characteristics

Project Number:

GEO

MORPHIX"

Date: Cross-section:

Time: Reach:

Weather: Location:

Field Staff: Watershed/Subwatershed: S

Notes Cross-sectional Morphology (Table 22)

O Riffle 5. Pool

0 Run 1 Other

Substrate Sample:

}i\Bed jEflﬁBank [0 Subpavement [0 Water 1 None

Pebble Count Measurements A/B/C Axes (cm):

A:B:C

A:iB:@C

A B! C

_________________

Particle Shape: [J Platy
[0 Sub-angular O Angular
[0 Sub-Rounded [ Well Rounded
Embededness: % -

- ° (}
Subpavement: [Pebble ABC axis guide]

Sorting (Table 20): O Well O Moderate [ Poor [ Very poor

O Very Angular
O Rounded

Sediment Transport

O Obsv [ Not Obsv [J Not Visible - Reason:
If Observed (Table 21):

[0 Suspended [ Sliding [ Rolling [ Saltation
Percentage of Bed Active: %

Velocity

O Measured

m/s Method: /J
stimated | m/s xs 1m: NS

istance _ € m Time | s V_U m/s
Distance __ - m Time s vU.i7 m/s
Distance '~ m Time s v ! m/s
Discharge
O Estimated m?3/s Method: as e
0O Measured m?/s )(S/ID/:/

Depth m_ Width _ m Vso m/s
Depth __—" m Width m Vso m/s
Depth __ m Width m Veo m/s

Use Vep if Depth < 0,75 m and Vo / Vso if Depth > 0.75 m

Version #3

Last edited: 21/02/2023

Senior staff sign-off (if required):
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Bank Characteristics

Project Number:

GEO

M ORPHIEX"

Date: Cross-section:
Time: Reach:
Weather: Location:

Field Staff:

Watershed/Subwatershed:

Sketch (Viewed Downstream) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
location, bed & bank materials, approx. water level, evidence of erosion, stratification in bank sediments, soil horizons, bankfull indicators, woody debris, roots, etc.

e

o Bl

Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel H Station location O Bedrock O Gravel
O il O Small Cobble —1 | Monumented XS O Till O Small Cobble
® Clay O Large Cobble @ Monumented photo ;‘Clay [J Large Cobble
o Silt O Small Boulder | | ------ Undercut bank ;E(Silt [0 Small Boulder
O Sand O Large Boulder tHH+ | Eroded bank/slope O Sand 00 Large Boulder
Bank Height: 0.%< m Bank stabilization Bank Height: ! > m
Bank Angle: ° %-%-x | Fence Bank Angle: ) °
Root Depth: m YVV | Grasses Root Depth: m
Root Density: % > Leaning tree Root Density: %
Undercut: m 3 | Tree Undercut: m
Erosion Pin: \ m KX x | Woody Debris Erosion Pin: m
Torvane: ; Ad kg/cm? w Sediment sample Torvane: kg/cm?
Penetrometer: 1 kg/cm? oo | Erosion pin Penetrometer: kg/cm?
Foot Used: O Yes'D No 8 Scour/bed chain Foot Used: O Yes OO No
Additional Notes
Photos:
Version #4 Senior staff sign-off (if required): Checked by:

Last edited: 21/02/2023
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Detailed Cross-Section Characteristics

Project Number: } 103

GEO

MORPHIX"

Date: Cross-section:
Time: Reach: '

Weather: Location:

Field Staff: Watershed/Subwatershed:

Notes

Cross-sectional Morphology (Table 22)

[l Riffle O Pool

O Run [ Other

Substrate Sarmple:

iﬁ]xBed ﬁ\lBank [J Subpavement [] Water [0 None

Pebble Count Measurements A/B/C Axes (cm):

AiB:C

A:B ! C

.................

.................

Particle Shape: I Platy
[0 Sub-angular O Angular
O Sub-Rounded O Well Rounded

O Very Angular
1 Rounded

Embededness: %

Subpavement: %

[Pebble ABC axis guide]
Sorting (Table 20): 00 Well O Moderate O Poor O Very poor

Sediment Transport

] Obsv:/ Not Obsv [ Not Visible - Reason:
If Observed (Table 21):

[1 Suspended [ Sliding [ Rolling [ Saltation

Percentage of Bed Active: %
Velocity

[0 Measured m/s Method:

& Estimated m/s XS ID: N

Distance m Time sV L__m/s
Distance | m Time o.M sv m/s
Distance ‘ m Time __ sV m/s
Discharge -

O Estimated m3/s Method:

O Measured mé/s XS ID:

Depth m_ Width m Veo m/s
Depth m Width m Veo m/s
Depth m Width m Veg m/s

Use Vep if Depth < 0.75 m and Vzo/ Vso if Depth > 0.75 m

Version #3

Last edited: 21/02/2023
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Bank Characteristics

Project Number:

GEO

MORPHIX"

Date: Cross-section:
Time: Reach:
Weather: Location:
Field Staff: Watershed/Subwatershed:
Sketch (Viewed Downstream) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
location, bed & bank materials, approx. water level, evidence of erosion, stratification in bank sediments, soil horizons, bankfull indicators, woody debris, roots, etc.
e R e 1] g B j;/ B L,
e =T L bl
. - = ) =
g AEE ]
ENEN
Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location O Bedrock O Gravel
o Till O Small Cobble ——1 | Monumented XS O Till O Small Cobble
"l;{\Clay [J Large Cobble @ Monumented photo T Clay ] Large Cobble
Yﬁ Silt O Small Boulder | | - Undercut bank . Silt 0 Small Boulder
IHSand O Large Boulder HHHH Eroded bank/slope O Sand [0 Large Boulder
Bank Height: m Bank stabilization Bank Height: m
Bank Angle: ° %-%-x | Fence Bank Angle: °
Root Depth: m YYVY | Grasses Root Depth: m
Root Density: % == Leaning tree Root Density: %
Undercut: m €3 | Tree Undercut: m
Erosion Pin: m XX x | Woody Debris Erosion Pin: m
Torvane: kg/em? W Sediment sample Torvane: kg/cm?
Penetrometer: kg/cm? o | Erosion pin Penetrometer: kg/cm?
Foot Used: O Yes[d No 8 Scour/bed chain Foot Used: 0 Yes [1 No
Additional Notes
Photos:
Version #4 Senior staff sign-off (if required): Checked by: Completed by:
Last edited: 21/02/2023 i 3
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GEO

Detailed Cross-Section Characteristics Project Number: RARFBLE
Date: : Cross-section: (G2
Time: Reach:
Weather: Location:
Field Staff: Watershed/Subwatershed:
Notes Cross-sectional Morphology (Table 22)
HRifle 0 Pool O Run O Other

Substraté Sample:

[. Bed Bank [J Subpavement [J Water (I None

Pebble Count Measurements A/B/C Axes (cm):

C|A:B:C

A:B:C

A:B ' C

________________________________

Particle Shape: [J Platy
[J Sub-angular

O Sub-Rounded [ Well Rounded

O Very Angular

O Angular [ Rounded

Embededness: %
Subpavement:

C
[Pebble ABC axis guide]
Sorting (Table 20): (1 Well O Moderate O Poor [ Very poor

Sediment Transport

0 Obsv ¥ Not Obsv [1 Not Visible - Reason:
If Observed (Table 21):

[1 Suspended [1 Sliding [ Rolling [ Saltation

Percentage of Bed Active: %
Velocity
O Measured m/s Method: Wil T ¢ |

TEstimated .. m/s XS ID:

J

m Time !, 31 s Vit m/s

Distance \

Distance m Time_Wig% s v 00l mys
Distance m Time \ilg s Vi10¢ m/s
Discharge :

O Estimated m3/s Method: 7

O Measured m3/s XS ID:

Depth m Width ' m Veo m/s
Depth m_Width m Vso m/s
Depth m Width m Veo m/s

Use Vgg if Depth < 0.75 m and V2o / Vgo if Depth > 0.75 m

Version #3
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Bank Characteristics

Project Number:

GEO

MORPHIX™

Date: Cross-section: h
Time: Reach: l
Weather: Location:

Field Staff: Watershed/Subwatershed:

Sketch (Viewed Downstream) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
location, bed & bank materials, approx. water level, evidence of erosion, stratification in bank sediments, soil horizons, bankfull indicators, woody debris, roots, etc.

Eln

Left Bank Materials Features Right Bank Materials
[0 Bedrock O Gravel R Station location O Bedrock O Gravel
O Till O Small Cobble L——-1 | Monumented XS O Till d0 Small Cobble
\‘;(‘CIay O Large Cobble @ Monumented photo O Clay [0 Large Cobble
O Silt O Small Boulder | | - Undercut bank 0 silt O Small Boulder
O Sand O Large Boulder | Eroded bank/slope O Sand O Large Boulder
Bank Height: 0.BS m Bank stabilization Bank Height: i S m
Bank Angle: 5 ° %-%-x | Fence Bank Angle: AS ¢
Root Depth: m WYYV | Grasses Root Depth: ————+ m
Root Density: % > Leaning tree Root Density: %
Undercut: m €3 | Tree Undercut: m
Erosion Pin: m XX x | Woody Debris Erosion Pin: v 17 m
Torvane: kg/cm? 1™ Sediment sample Torvane: kg/cm?
Penetrometer: kg/cm? nnnsn] Erosion pin Penetrometer: kg/cm?
Foot Used: O Yes @ No 8 Scour/bed chain Foot Used: O Yes OO0 No
Additional Notes
Photos:
Version #4 Senior staff sign-off (if required): Checked by: Completed by: v
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