TOWN OF CALEDON

PLANNING
RECEIVED

December 13, 2024

GEO | MO RPH

West Humber River
Fluvial Geomorphological Assessment

12489 and 12861 Dixie Road
Caledon, Ontario

Prepared for:

QuadReal

199 Bay Street, Suite 4900
Toronto, Ontario

M5L 1G2

December 4, 2024

GEO Morphix Project No. 23012

X"



GEO { MORPHIX"

Report Prepared by: GEO Morphix Ltd.
36 Main Street North
PO Box 205
Campbellville, ON LOP 1BO

Report Prepared for: QuadReal
199 Bay Street, Suite 4900
Toronto, ON M5L 1G2

Report Title: West Humber River Erosion Hazard Delineation
12489 and 12861 Dixie Road, Caledon, Ontario

Project Number: PN23012
Status: Final
Version: 2.0
Submission Date: December 4, 2024

Prepared by: Kat Woodrow, M.Sc.
Jan Franssen, Ph.D.
Approved by: Paul Villard, Ph.D., P.Geo., CAN-CISEC, EP, CERP

Approval Date: December 4, 2024

Head Office Ottawa Office
36 Main St. N., PO Box 205 83 Little Bridge St., Unit 12, PO Box 292
Campbellville, ON, Canada LOP 1B0 Almonte, ON, Canada KOA 1A0



GEO { MORPHIX"

Table of Contents

1 INErOAUCEION vt e 3
2 Background Review and Desktop ASSESSMENT ........coiviiiiiiiiiiiiiii s 3
2.1 Background Information ... e 3
2.2 Surficial Geology and PhySiolOgy ...cieiiiiiiiiiiiii i reas 4
2.3 Historical ASSESSIMENT ...uuiiiiiiii e e 4
3 Watercourse CharaCteriStiCs ..uiuiuiuiiiiiii i e 6
3.1  Reach Delin@ation .......couiuiiiiiiiii e 6
3.2 General Reach ObServations .......ocveviiiiiiiiiiiin e 6
3.3 Rapid Geomorphological ASSesSMENE TOOIS .vuvvieiiiii i e raens 8
3.4 Detailed Geomorphological ASSESSMENTS .....iuiiiiiiiiiiiiii e 10
4 Erosion Threshold ANalysis ..o e e as 10
Erosion Hazard Delin@ation ..ot 13
5.1 Meander Belt Width ....ocoviiiii 13
Redside Dace Habitat Delin@ation ........cociiiiiiiiiiii e 15
Summary and ReCOMMENAAtiONS .iuiiuiiiiiiii i e e 15
2] (=] =] Lol P 17

List of Tables

Table 1: Historical assessment SUMMAIY ....ciuiiiiiiiii e aeaes 4
Table 2: Reach characteristiCs SUMMAIY ...iiuiiiii i e e 7
Table 3: Summary of rapid assesSMENT rESUITS .. .iviiiiii e 9
Table 4: Detailed field assessment and erosion threshold analysis results ..........c.ccoeviiiiinen. 12
Table 5: Summary of meander belt Widths ..o e 14
Appendices

Appendix A Study Area Mapping
Appendix B  Historical Aerial Photographs
Appendix C Photographic Record

Appendix D Field Observations

Head Office Ottawa Office
36 Main St. N., PO Box 205 83 Little Bridge St., Unit 12, PO Box 292
Campbellville, ON, Canada LOP 1B0 Almonte, ON, Canada KOA 1A0



GEO!MORPHIX’”

1 Introduction

GEO Morphix Ltd. ("GEO Morphix”) was retained to complete a fluvial geomorphological assessment for
tributaries of the West Humber River in support of a development application for 12861 and 12489 Dixie
Road (“Subject Lands”). The subject lands are generally situated east of Dixie Road and south of Old
School Road in the Town of Caledon and fall within the jurisdictional area of the Toronto Region
Conservation Authority (TRCA).

To support planning and development activities for the subject lands, a fluvial geomorphological
assessment was completed to characterize watercourses on site and delineate the meander belt width
associated with each watercourse feature. The meander belt width extent is used, in part, to support
constraint delineation and the overall limit of development. Preliminary erosion threshold estimates
were also completed to support initial stormwater management and erosion mitigation strategies for the
site.

To complete the fluvial geomorphological assessment for watercourses on site, the following activities
were completed:

e Review of available background reports and mapping (e.g., watershed/subwatershed reporting,
geology, and topography) related to channel form and function and controlling factors related
to fluvial geomorphology

e Watercourse reach delineation by desktop assessment and confirmed through field
reconnaissance

e Review of recent and historical aerial photographs to understand historical changes in land use
and channel form and function and to inform meander belt width delineation

e Complete field reconnaissance to understand general property and watercourse characteristics

e Delineate the erosion hazard (i.e., meander belt width) on a reach-by-reach basis based on
results of the desktop and field assessments

e Complete detailed geomorphic field assessments to inform preliminary erosion threshold
calculations

e Estimate preliminary erosion thresholds for watercourses potentially receiving stormwater
discharge through field and desktop data analysis

e Provide recommendations and guidance to address erosion mitigation requirements for future
design phases

2 Background Review and Desktop Assessment

2.1 Background Information

The subject section of West Humber River is situated within the Toronto and Region Conservation
Authority (TRCA) jurisdiction as part of the Humber River watershed. The Humber River watershed
originates in the Oak Ridges Moraine, outlets to Lake Ontario, and encompasses approximately 911
square kilometers (TRCA, 2021). The West Humber River specifically originates in Caledon (South Slope)
and flows over 45 km (crossing Peel Plain) in Brampton prior to its confluence with the Main Humber
River in Toronto (TRCA, 2021).

A small tributary of the West Humber River originates west of Dixie Road and flows roughly northwest
to southeast along the eastern margin of Dixie Road through 12861 Dixie Road. The tributary drains to
a larger branch of the West Humber River which bisects the central portion of the Subject Lands between
12861 and 12489 Dixie Road. The larger tributary is situated within the Greenbelt Plan Area.

A small section of Kilamanagh Creek (tributary to the West Humber River) also flows southwest to
northeast through the southeastern corner of the subject lands through 12489 Dixie Road. Kilamanagh
Creek is also situated within the Greenbelt Plan Area and is designated by the Ministry of the
Environment, Conservation and Parks (MECP) as redside dace (Clinostomus elongatus) habitat. This has
implications with respect to the limit of development in proximity to the creek, as redside dace and its
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habitat are regulated under the provincial Endangered Species Act, 2007 (ESA) and the Species at Risk
Act, 2002 (SARA).

Additional drainage features on-site were observed through a desktop assessment of recent aerial
imagery from Google Earth Pro. Recent aerial photographs indicate that there are small headwater
drainage features on site that extend through existing agricultural fields. It should be noted that these
features are only visible through aerial photograph interpretation and are not included in any available
stream layer datasets reviewed through the desktop assessment. A headwater drainage feature
assessment was completed by Stantec and is summarized in the Environmental Impact Study (EIS) for
the subject lands (12489 & 12861 Dixie Road, Caledon, Ontario — Draft Environmental Impact Study -
Stantec File No. 160623114, 160623115 - November 2023). A map of the subject lands and various
drainage features is provided under Appendix A, for reference.

Based on plans developed by Stantec Consulting (2024), we understand that two stormwater
management (SWM) ponds are proposed within the subject lands. One SWM pond is located east of the
West Humber River tributary that runs north to south, parallel and east of Dixie Road. The Pond will
ultimately discharge to the north-south tributary. The second SWM pond is further south on the east
side of Dixie Road and will ultimately outlet to the Kilamanagh Creek branch in the southwest portion of
the lands.

2.2 Surficial Geology and Physiology

Surficial geology and physiography act as constraints to channel development and tendency. These
factors determine the nature and quantity of the availability and type of sediment. Secondary variables
that affect the channel include land use and riparian vegetation. These factors are explored as they not
only offer insight into existing conditions, but also potential changes that could be expected in the future
as they relate to a proposed activity.

Within the subject property, the West Humber River and associated tributaries are dominated by the Till
Plains (drumlinized) physiographic region of Ontario (Chapman and Putnam, 2007). In terms of surficial
geology, the subject lands are characterized by till (OGS, 2010). Soils within these areas include clay to
silt-textured clay derived from glaciolacustrine deposits or shale (OGS, 2010). Additionally, along the
downstream extent of the northern tributary, soils were characterized by modern alluvial deposits,
including clay, silt, sand, gravel, and organic remains (OGS, 2010).

2.3 Historical Assessment

A series of historical aerial photographs were reviewed to determine changes to the channel 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. Specifically, an aerial
photograph from 1974 (1:25,000) was obtained from the National Air Photo Library (NAPL), and recent
Google Earth Pro imagery for the years 2004, 2009, 2015 and 2019 were reviewed to understand site
history and inform the erosion hazard assessment. All aerial images are provided in Appendix B for
reference. Table 1 below summarizes historical changes in land use and land cover based on year and
subwatershed.

Table 1: Historical assessment summary

Tributaries of the West Humber River Kilamanagh Creek

« Land use was predominantly e Land use was preglominantly agricultural
agricultural and rural residential and rural residential

e Two tributaries of the West Humber ¢ Upstream of the subject lands the

1974 River were visible, one flowing cha?r.mel may have been stralghtened to
parallel to Dixie Road and into the facilitate agricultural practices
larger main tributary that flows e Within the subject lands Kilamanagh
southwest to northeast Creek had a low sinuosity planform with
few meanders
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Kilamanagh Creek

e Channel planform of the smaller
tributary appeared to be previously
straightened for agricultural purposes

e Large offline pond present adjacent to
upstream extent of the small tributary

e Limited natural riparian vegetation
present along the smaller tributary

e Channel planform of the main
tributary appeared to be previously
straightened for agricultural purposes
along the upstream extent,
meandering planform initiating near
the downstream forested extent

e Natural riparian vegetation was
limited to the section of channel in
the northern portion of the subject
lands for the main tributary

e Both tributaries likely received fine
sediment inputs due to lack of
riparian vegetation and adjacent
farming activities

e Low order tributaries faintly visible
but appeared cultivated

Limited natural riparian vegetation

apparent along the channel

Channel likely received fine sediment
inputs due to lack natural of riparian
vegetation along some sections of
channel and adjacent farming activities

e No significant changes to land use
within the subject lands, a golf course
was constructed northeast of the
subject property

e Straightened channel planform of
tributary parallel to Dixie Road readily
apparent in imagery, a small
headwater feature is visible flowing
into the middle section of the small
tributary

e Natural riparian vegetation was

Two large offline ponds were constructed
adjacent to Kilamanagh Creek, one was
located upstream of Dixie Road and the
other was situated on the north side of
the channel within the subject lands,
during high water levels it is likely that
the ponds overtop into the channel
Channel planform had been modified to
accommodate the pond and larger
meanders observed in 1974 imagery are
no longer apparent

banks within subject lands, which
may have improved channel stability,
coarse organic matter inputs and
shade to the larger tributary

2004 retained and matured along the main Riparian zone along the upstream portion
tributary within the subject lands of Kilamanagh Creek had naturalized
o Rural development had expanded with few mature trees, obscuring the
when compared to 1974 channel planform
Riparian vegetation along the
downstream portion of the channel
remained generally sparse, and the
meandering planform appeared more
sinuous when compared to 1974
Rural development had expanded when
compared to 1974
e No significant changes to land use or No significant changes to land use or
channel planform within and channel planform within the subject lands
upstream of the subject lands Narrow band of vegetation permitted to
o Naturalization of woody vegetation naturalize along the channel, which likely
2009 along the main tributary channel improved channel stability, coarse

organic matter inputs and shade to the
channel

Project
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Tributaries of the West Humber River Kilamanagh Creek
« No significant changes to land use or ¢ Alarge industrial building was
channel planform within and constructed with two stormwater
upstream of the subject lands management ponds on the west side of
e Woody riparian vegetation along the Dixie Road, across from the channel.
downstream portion of the main ¢ No significant changes to channel
2019 tributary was able to mature and planform within the subject lands were
obscures the channel planform observed _
e Woody riparian buffer along Kilamanagh
Creek has further naturalized and
matured
3 Watercourse Characteristics

3.1 Reach Delineation

Reaches are homogeneous segments of channel used in geomorphological investigations. Reaches are
divided as such because they are expected to have similar inputs and outputs in terms of sediment and
discharge. They are also expected to react similarly to flow events and other stressors. They are studied
semi-independently as each is expected to function in a manner that is at least slightly different from
adjoining reaches. This 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 delineated based on changes in the following:

Channel planform

Channel gradient

Physiography

Land cover (land use or vegetation)

Flow, due to tributary inputs

Soil type and surficial geology

Certain types of channel modifications by humans

This follows scientifically defensible methodology proposed by Montgomery and Buffington (1997),
Richards et al. (1997), and the Toronto and Region Conservation Authority (2004). Reaches are first
delineated as a desktop exercise using available data and information such as aerial photography,
topographic maps, geology information and physiography maps. The results are then verified in the
field.

Five (5) watercourse reaches were delineated within the subject property. Reach 4a and Reach 4b are
situated along Kilamanagh Creek: Reach 4b extends from Dixie Road to the downstream extent of an
offline pond and Reach 4a extends from the downstream extent of the offline pond to the eastern
property boundary. Reaches 7, 8 and 8a are associated with tributaries of the West Humber River
through the central portion of the subject lands. Reaches 7 and 8 flow northeast to southwest within
the centre of the subject property. Reach 8a flows west to east parallel to Dixie Road and flows into
Reach 8. The extent of each reach is shown in Appendix A.

3.2 General Reach Observations

Field investigations were completed along the reaches within the subject lands on June 13, 2023 and
November 12, 2024. The following data were collected for all reaches assessed in the field:

Descriptions of riparian conditions

Estimates of bankfull channel dimensions

Determination of bed and bank material composition and structure
Observations of erosion, scour, or deposition
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e Collection of photographs to document the watercourses, riparian areas and/or valley,
surrounding land use, and channel disturbances such as crossing structures

These observations and measurements are summarized below. The field descriptions are supplemented
with representative photographs, which are included in Appendix C. Field sheets, including those
completed for rapid assessments, are provided in Appendix D. A summary of the general observations
characterizing the delineated reach is presented in Table 2.

Table 2: Reach characteristics summary

Avg. Avg. - Dominant
Bankfull Bankfull Sustigate Sull?sftf::te Riparian
Width (m) Depth (m) Condition
. Continuous
e 3.36 0.65 Clay/silt, sand, gravel, and coverage of Partially confined system;
4a cobbles*
grasses
Continuous Partially confined system
Reach 3.25 0.66 Clay/silt, sand, gravel, and coverage of d Y bank ystem,
4b ! ’ cobbles* grasses and mo erate bank erosion
with valley wall contacts
mature trees
Clay/silt, Continuous Partially confined system;
sand, and Sand,
Reach 7 717 0.85 exposed gravel, and coverage of valley wall contacts, fallen
! mature trees and | trees common throughout
parent cobbles
- grasses channel
material
Clay/silt Sand, SHZ';?::e\?V?; Partially confined system,
Reach 8 4.10 0.67 Y ! gravel, and P ! moderate density of
sand cobbles scattered shrubs woody debris
and trees Y
Clay/silt, Continuous Partially confined system,
Reach 4.59 0.79 sand and Gravel and coverage of evidence of erosion
8a cobble
gravel grasses throughout the reach

*Uniform bed morphology

Reach 4a was characterized as an irregularly meandering, moderate gradient channel situated within
a partially confined valley. The riparian zone was dominated by a continuous coverage of grasses that
heavily encroached the channel. The channel was dominated by runs with few pools; riffles were not
observed along the reach. Bed substrate was comprised of clay/silt, sand, gravel, and cobbles. Bank
angles ranged from 30° to 60° with undercuts measuring up to 0.80 m. Average bankfull width and
depth were 3.36 m and 0.65 m, respectively.

Reach 4b was situated in a partially confined valley, adjacent to a large offline pond. The reach was
characterized as irregularly meandering with a moderate gradient and perennial flow regime. The
riparian zone was comprised of a continuous coverage of grasses and mature trees. Like Reach 4a, the
channel was dominated by runs with few deep pools and no riffles present. Bed substrate was comprised
of clay/silt, sand, gravel, and cobbles; bank substrate was composed of clay, silt, and sand. Average
bankfull width and depth were 3.25 m and 0.66 m, respectively. Bank angles ranged from 30° to 60°
with a moderate amount of bank erosion observed through undercutting, valley wall contacts and basal
scour. A low density of woody debris was observed in the channel and cutbanks.

Reach 7 was characterized as an irregularly meandering, moderate gradient channel situated within a
partially confined valley. The riparian zone was wide spanning greater than 10 channel widths and was
dominated by a continuous coverage of mature trees and grasses. Riffle-pool morphology was present
with bed substrate ranging from clay/silt to cobbles and exposed parent material (till). Average bankfull
width and depth were 7.17 m and 0.85 m, respectively. Bank angles ranged from 60° to 90° and bank
erosion was observed along 60% to 100% of the reach. Erosion was evident as undercutting, exposed
tree roots and valley wall contacts. A low density of woody debris was present in the channel and
cutbanks.
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Reach 8 had an irregularly meandering planform and was a low gradient channel situated in a partially
confined valley. The riparian zone was wide and dense, dominated by a continuous coverage of trees
and shrubs. Riffle-pool morphology was observed with riffle substrate ranging from sand to cobbles and
pool substrate ranging from clay/silt to sand. Rooted emergent aquatic vegetation was observed through
25% of the reach. Average bankfull width and depth were 4.10 m and 0.67 m, respectively. Bank angles
ranged from 30° to 60° and the banks were moderately eroded. Evidence of erosion included exposed
tree roots, undercuts and valley wall contacts. A moderate density of woody debris was present in the
channel and cutbank.

Reach 8a was slightly sinuous and historically straightened to facilitate agricultural practices. The
channel had a low gradient and was situated within a partially confined valley with valley walls at a
significant distance from the centre of the channel. The floodplain adjacent to the channel is primarily
used as pastured land. At the time of assessment, high flows were observed following a storm event,
and much of the floodplain adjacent to the channel was inundated with water. Riparian vegetation in
the corridor consisted of immature grasses with several mature trees. The riparian zone was greater
than 10 channel widths wide with minimal encroachment on the channel. Aquatic vegetation including
rooted emergent plants and attached algae covered approximately 45% of the reach. Riffle-pool
geomorphic units were observed throughout the reach. The bed was noted to be predominantly sand
and gravel with finer silts noted in pools and coarser cobbles noted in riffles. The banks of the stream
consisted of clay, silt, and sand. Bank erosion was noted along 60% to 100% of the reach and was
observed as bank slumps and undercutting. Bank angles were observed to be undercut or approximately
60° to 90° bank angle. Average bankfull width and depth was 4.59 m and 0.79 m, respectively.

3.3 Rapid Geomorphological Assessment Tools

Rapid assessments were completed to identify dominant geomorphic processes, document stream
health, and to identify any areas of concern regarding erosion or instability. Channel instability was
objectively quantified through the application of the Ontario Ministry of the Environment’s (2003) Rapid
Geomorphic Assessment (RGA). Observations were quantified using an index that identifies channel
sensitivity based on evidence of aggradation, degradation, channel widening, and planimetric
adjustment. The index produces values that indicate whether a channel is stable/in regime (score
<0.20), stressed/transitional (score 0.21-0.40), or adjusting (score >0.41).

The Rapid Stream Assessment Technique (RSAT) was also employed to provide a broader view of the
system as it considers the ecological function of the watercourse (Galli, 1996). Observations were made
of channel stability, channel scouring or sediment deposition, instream and riparian habitats, and water
quality. The RSAT score ranks the channel as maintaining a poor (<13), fair (13-24), good (25-34), or
excellent (35-42) degree of stream health.

Reaches were also classified according to a modified Downs (1995) Channel Evolution Model. The Downs
model describes successional stages of a channel because of a perturbation, namely hydromodification.
Understanding the current stage of the system is beneficial as this allows one to predict how the channel
will continue to evolve or respond to an alteration to the system. The results of these assessments are
summarized below.

The River Styles Framework (Brierley and Fryirs, 2005) provides a geomorphic approach to examining
river character, behaviour, condition and recovery potential through the identification of the Geomorphic
Process Zone. Geomorphic attributes are assessed, larger scale interactions between zones are
analyzed, and historical data are studied to understand the historical evolution and future trajectories
of those reaches. This ultimately provides a physical template for river management. A modified
classification approach was applied to the study reaches. A summary of the reach classifications and
rapid assessment scores is provided in Error! Reference source not found.3.
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Table 3: Summary of rapid assessment results

RGA (MOE, 2003) RSAT (Galli, 1996) D1°9";';5 River Styles
Dominant éhanne)l Framework
a i - Bierley and
Score Condition Systematic | Score | Condition FL'T'tmg S L) gyris, 2y005)
Adjustment eature(s) Model
In . Riparian .
Reach 0.21 |Transition/S Evidence of 23 Fair Habitat E - Enlarging Mixed load
4a Widening e meandering
tress Condition
In . Riparian .
Reach L Evidence of . ] . Mixed load
4b 0.24 |Transition/S Widening 22 Fair Habl_tgt E - Enlarging meandering
tress Condition
In . .
Reach L Evidence of Channel U - Mixed load
7 0.37 Trargf'latslcsm/s Widening 30 Good Stability Undercutting | meandering
In Evidence of Riparian
s 0.25 |Transition/S Planimetric 25 Good Habitat E - Enlarging Mixed Io?d
8 tress Form Condition meandering
Adjustment
. Riparian
Reach 0.17 | In Regime Evidence of 23 Fair Habitat E - Enlarging Suspended load
8a Aggregation Condition sinuous

Reach 4a was evaluated to be in transition/stress, with an RGA score of 0.21. The dominant systematic
adjustment was evidence of widening. The channel contained basal scour on the inside of meander
bends and both sides through the riffles. The reach was assigned an RSAT score of 23, indicating it was
in fair condition. The limiting factor was riparian conditions. The Downs (1995) classification indicated
that this reach was enlarging (E). The reach was a mixed load meandering channel under the River
Styles Framework.

The RGA results for Reach 4b indicated that the reach was in transition/stress, with a score of 0.24.
The dominant mode of systematic adjustment was evidence of widening. This was shown by occurrence
of large organic debris, exposed tree roots, and basal scour. The RSAT indicated the reach was in fair
condition with a score of 22. The limiting factor was riparian habitat condition. The riparian corridor
was narrow with limited canopy coverage. Similar to Reach 4b, the Downs (2005) channel evolution
model classified this reach as enlarging (E). The reach was a mixed load meandering channel under the
River Styles Framework.

Reach 7 was assigned an RGA score of 0.37, indicating the reach was in transition/stress. The dominant
systematic adjustment was evidence of widening. The channel had fallen/leaning trees, occurrence of
organic debris and exposed tree roots. The RSAT resulted in a score of 30, or good. The limiting factor
was channel stability due to undercutting, bank slumps, and valley wall contacts. Reach 7 was
characterized as an undercutting (U) channel under the Downs (1995) classification and a mixed load
meandering channel under the River Style Framework.

The RGA results for Reach 8 indicated the reach was in transition/stress, with a score of 0.25. The
dominate mode of systematic adjustment was evidence of planimetric form adjustment. Formation of
chutes, single thread to multiple channels and cut-off channels were observed. The RSAT indicated the
reach was in good condition with a score of 25. The limiting factor was riparian habitat condition. The
reach had a riparian zone consisting of grasses and herbaceous vegetation with few trees and limited
canopy cover. The Downs (1995) classification indicated that the channel was enlarging (E), and the
River Style Framework characterized the channel as mixed load meandering.

Reach 8a was evaluated to be in regime with an RGA score of 0.17. The dominant systematic
adjustment was evidence of aggregation. Siltation in pools, coarse material embedded in riffles and poor
longitudinal sorting of bed materials indicate aggradation of the channel. The RSAT resulted in a score
of 23, or fair condition. The limiting factor was riparian habitat condition due to the lack of woody
vegetation and limited canopy cover in the riparian buffer. The Downs (1995) classification indicated
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that the channel was enlarging (E). The reach was a suspended load-dominated sinuous channel under
the River Styles Framework.

3.4 Detailed Geomorphological Assessments

Detailed geomorphological assessments were completed in Fall 2024. These assessments provide
bankfull channel characteristics, cross-sectional geometry, sediment characterization, and hydraulic
information for use in defining appropriate erosion thresholds. Reaches were selected for assessment
based on proximity to the zone of impact associated with their respective pond outlet. . Reaches 7, 8a,
and 4a were selected for detailed geomorphic assessments. A map with the locations of these
assessments is provided in Appendix A.

Representative cross-sections were surveyed along each reach to characterize channel geometry, and
a longitudinal bed survey was completed to measure the channel gradient. Detailed observations of
bank conditions were collected at each cross section. A modified Wolman (1954) pebble count was
completed, where applicable, to characterize the bed materials. Sediments sampled from bank and fine
bed materials were collected for further review and laboratory grain size analysis to provide additional
details regarding substrate composition and erosion sensitivity. For each assessed reach, a summary of
measured and computed values is presented in Table 4.

4 Erosion Threshold Analysis

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. Erosion thresholds were modelled from detailed field observations of Reaches 7,
8a, and 4a. These reaches were selected for the assessment, as they were determined to be the most
erosion-sensitive reaches immediately downstream of the SWM outlets for the proposed development.

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. Due to variability between bed and bank composition and
structure, erosion thresholds are determined for both bed and bank materials. The lower of the bed and
bank erosion thresholds is adopted, as it provides the more conservative and limiting estimate of erosion
potential.

A theoretical erosion threshold is an inherently conservative value, as it represents the force required
to initiate sediment motion rather than the force needed for systemic erosion. The methods applied also
make assumptions necessary to adopt when the variability of a natural channel is reduced to variables
in an equation, adding to the inherent conservatism. The shear acting on the bed material is assumed
to be representative of the total shear in the hypothetical representative cross-section. At the same
time, in a natural channel, there is additional resistance to erosion provided by vegetation and non-
uniform channel bed geometry that dissipates a portion of the force. Subtracting the resistance from
the total shear gives the effective shear, which is the force acting on the bed in a natural channel.

Erosion thresholds 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 can 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), can be applied.

An erosion threshold, defined in terms of a critical discharge, is quantified based on the bed and bank
materials and local channel geometry. Theoretically, above this discharge, entrainment and transport of
sediment can occur. To determine this discharge, the velocity, U, or Shear Stress, t, is calculated at
various depths for a representative cross section until the average velocity or shear stress in slightly
exceeds the critical threshold of the bed material. The velocity is determined using a Manning’s
approach, where the Manning’s n value is visually estimated through a method described by Acrement
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and Schneider (1989) or calculated using the Limerino (1970) approach. The velocity is mathematically
represented as:

Uzldz/zsl/z [Eq. 1]
n

where, d is depth of water, S is channel slope, and n is the 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. 2]

Where, T is shear stress, d is the water depth, p is water density, g is acceleration due to gravity, and
Shed is the channel bed slope.

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

The Ontario Soil Survey Complex identifies five soil types within the drainage areas upstream of and
within the reaches: Chingacousy Clay Loam, Jeddo Clay Loam, Oneida Clay Loam, Bookton sandy loam,
and Fox sandy loam (OMAFRA, 2024). The former three soils are calcareous fine-grained soils derived
from Till diamicton parent materials, while the latter two soils are calcareous medium-grained sandy
soils derived from sandy glacial moraine deposits overlying local clay till (Gillespie, Wicklund, and Miller,
1967). The banks within Reaches 7 and 8a were characterized as predominantly consisting of silt loam,
based on the criteria of Fischenich (2001) as this soil type most closely matches observations made
during field assessments. The banks within Reach 4a were characterized as predominantly consisting
of sand loam, based on the criteria of Julien (1998) as this soil type most closely matches observations
made during field assessments and the results of particle size analysis conducted on samples taken
during the field assessment.

A critical velocity approach was taken using the criteria of Julien (1998) for the silt loam bank material
in Reaches 7 and 8a, and for the sand loam bank materials in Reach 4a. These materials are estimated
to have critical velocities of 0.53 m/s and 0.50 m/s, respectively, which were used to determine the
threshold discharges for these reaches. Threshold discharge is an estimate of the discharge at which
sediment entrainment begins to occur. Manning’s roughness values were adopted for the critical
discharge calculations for each reach, based on the framework described by Acrement and Schneider
(1989). A value of n = 0.045 was adopted for Reach 7, a value of n = 0.040 was adopted for Reach
8a, and a value of n = 0.045 was adopted for Reach 4a.

Based on a critical velocity of 0.53 m/s, the critical discharge for the bank materials within Reach 7
was predicted to be 0.998 m3/s. Using the same critical velocity, the critical discharge for the bank
materials within Reach 8a was predicted to be 0.946 m3/s. Based on a critical velocity of 0.50 m/s, the
critical discharge for the bank materials within Reach 4a was predicted to be 0.599 m3/s.

The beds within Reaches 7, 8a and 4a were characterized as predominantly consisting of sediments
ranging in size from silt to cobble. Angular, sub-angular, and platy gravel to cobble sized sediments
were observed at all cross-sections surveyed within these reaches during field assessments. These bed
sediments were classified as graded silt to cobbles, based on the criteria of Julien (1994), as this most
closely matches observations made during field assessments. This material is estimated to have a critical
velocity of 1.14 m/s, which was used to determine the threshold discharges for these reaches. The same
Manning’s n values listed above were adopted for bed material calculations for the respective reaches.

Based on critical velocity of 1.14 m/s, the critical discharge for the bed materials within Reach 7 was
predicted to be 4.675 m3/s. Using the same critical velocity, the critical discharge for the bed materials
within Reach 8a was predicted to be 6.772 m3/s. Based on critical velocity of 1.14 m/s, the critical
discharge for the bed materials within Reach 4a was predicted to be 6.331 m3/s.

The results of the erosion threshold assessment are provided in Table 4 below.
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Table 4: Detailed field assessment and erosion threshold analysis results

Channel Parameter R4a R8a R7

Channel Characteristics

Average bankfull

width (m) 4.32 4.37 7.07
Average bankfull
depth (m) 0.35 0.30 0.32
Channel gradient (%) 0.55 0.36 0.66
Dso (mm) 14.6 2.8 11.0
Ds4 (Mmm) 64.0 19.0 65.0
Manning'sn = 0.045 0.040 0.045
roughness coefficient
Average bankfull
discharae (m?/s) 1.21 1.34 1.65
Average bankfull 0.76 0.77 0.82
velocity (m/s) : . .
Drainage area* (h) 1194 847.20 970.05
Erosion Threshold Analysis
Bed Banks Bed Banks Bed Banks
. Graded Graded
Material ciltljialtgs ng;s—,y loam to Silty loam loam to Silty loam
cobbles cobbles

Reference Julien Julien Julien Fischenich Julien Fischenich

(1994) (1994) (1994) (2001) (1994) (2001)
Critical velocity (m/s) 1.14 0.50 1.14 0.53 1.14 0.53
Apparent shear stress | 35 ;g 15.59 19.08 9.46 24.57 11.68
(N/m?)
Critical depth (m) 0.65 0.29 0.71 0.36 0.50 0.24
g-‘r:g'/?)' discharge 6.331 0.599 6.772 0.946 4.675 0.998
Unitary threshold 0.0053 0.0005 | 0.0080 0.0013 0.0048 0.0010
(m3/s/ha)
Limiting critical
discharge (m3/s) 0.599 0.946 0.998
Unitary threshold 0.0005 0.0013 0.0010

(m3/s/ha)

* Drainage areas estimated using combination of the Ontario Watershed Information Tool (OWIT)

Drainage areas were estimated for the above reaches using the Ontario Watershed Information Tool
(OWIT) to derive preliminary unitary erosion thresholds for comparison across similar watersheds. The
drainage area of 1194 ha for Reach 4a resulted in a preliminary unitary erosion threshold of 0.0005
m3/s/ha. A drainage area of approximately 847 ha was estimated for Reach 8a, resulting in a
preliminary unitary erosion threshold of 0.0013 m3/s/ha. A drainage area of approximately 970 ha was
estimated for Reach 7, resulting in a preliminary unitary erosion threshold of 0.0010 m3/s/ha.

These values are comparable to unitary erosion thresholds accepted for watercourses with similar
characteristics, including other watercourses in the Humber River watershed and nearby watersheds
within the TRCA as well as neighbouring conservation authority jurisdictions. Stormwater management
and erosion mitigation strategies, such as low-impact development (LID), water detention, and water
retention, for example, applied in similar and nearby watersheds are thus likely to be sufficient to
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address downstream impacts associated with the proposed development. We recommend that the pond
release rates be refined through detailed design and that a combination of onsite SWM detention and
retention through LIDs be implemented.

5 Erosion Hazard Delineation

5.1 Meander Belt Width

Most watercourses in Ontario have a natural tendency to develop and maintain a meandering planform,
provided there are no spatial constraints. A meander belt width assessment estimates the lateral extent
that a meandering channel has historically occupied and will likely occupy in the future. This assessment
is therefore useful for determining the potential erosion hazard to proposed activities adjacent to a given
watercourse.

In unconfined systems, a meander belt width can be applied, at minimum, based on 20 times the
bankfull channel width. Alternatively, the meander belt width can be determined through a detailed
geomorphological study that examines the largest channel meanders observed through historical and
recent aerial photograph interpretation. The meander belt width can then be graphically defined using
orthorectified aerial imagery by determining the channel centerline and the channel’s central tendency
(i.e., meander belt axis). In cases where the channel is not discernible in aerial photographs or the
channel has been substantially modified, empirical models can be used to estimate the meander belt
width.

Partially confined systems are those where meander bends are adjacent to only one valley wall and the
watercourse is therefore restricted in migration and floodplain occupation on one side of the valley
system. Confined systems are those where the watercourse position is such that meander bends are
adjacent to both valley walls and meander migration is restricted on both sides of the valley. The
Ontario Ministry of Natural Resources (MNR) outlines an approach for establishing the erosion hazard
where watercourses are confined by valley walls. This approach defines an appropriate erosion setback
or toe erosion allowance from a channel bank where the creek is within 15 m of the toe of the valley
slope. The toe erosion allowance is combined with a stable slope allowance to form the overall long-
term stable slope (i.e., erosion hazard for confined valleys).

Based on field observations and available topographic data, Reaches 4a, 4b, 7, 8 and 8a are partially
confined. In this case, a meander belt width has been defined for each reach. In areas where the
meander belt width extends beyond the valley wall, it has been truncated along the estimated toe of
slope, which is the point where channel migration is impeded. If delineation of a long-term stable slope
is required for any of the valley features on site, geomorphic confirmation will be required to define an
appropriate toe erosion allowance. It should be noted that any stable slope allowance and final long-
term stable slope line should be completed and delineated by a geotechnical engineer.

As meanders within the subject lands were not readily visible in aerial imagery due to the presence of
woody vegetation and channel form, meander belt widths were calculated using an empirical modelling
approach. The series of empirical models used to estimate meander belt widths are scientifically
defensible and have been verified in past projects as suitable for use in southern Ontario.

A meander belt width was calculated based on TRCA’s (2004) empirical model [Eq.1]:
B,, = —14.827 4+ 8.3191In (pgQS * DA) [Eq. 3]

where p is water density (1000 kg/m?3), g is acceleration due to gravity (9.8 m/s2), Q is discharge (m3/s),
Sis channel slope (m/m), and DA is drainage area (km?). Drainage area values are based on information
available through the Ontario Watershed Information Tool (OWIT).

In addition to the TRCA (2004) model described above, empirical relations such as those modified from
Williams (1986) [Egs. 3 and 4] were used to delineate the meander belt width, and includes the width
of the channel as follows:
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B, = 18A4%65 4+ W, [Eq. 4]
B, = 43W,*2 + W, [Eq. 5]

where A is bankfull cross-sectional area (m2) and W, is average bankfull channel width (m). An additional
20% buffer was applied to the computed results as a factor of safety.

The Ward et al. (2002) model [Eq.5] was also used to determine meander belt widths (ft), Bw:
B,, = 6W,112 [Eq. 6]

A 20% factor of safety was not applied to this value due to the approach used in the modelling (i.e.,
hazard envelope rather than a linear relationship). The results of the meander belt width assessment
are provided in Table 4. Refer to Appendix A for the extent of the meander belt width along each
reach.

Table 5: Summary of meander belt widths

Meander Belt Width (m)

Recommended
Reach Valley Form V;Inlllglaszz;s vzllgggm)s Ward et al. TRCA I\I‘I;?dr;::e(r B)elt
i * % 1 m
Area* Width * (2002) Width (2004)
Reach 4a |Partially Confined 40 24 27 60 40
Reach 4b |Partially Confined 40 23 26 58 40
Reach 7 |Partially Confined 78 56 63 59 78
Reach 8 |Partially Confined 46 30 34 55 46
Reach 8a |Partially Confined 55 34 38 59 55

* A 20% factor of safety is included
** 1 standard error (8.63 m) is included

The range of meander belt widths derived from the empirical modelling ranged from 30 m to 78 m for
the reaches along the tributaries of the West Humber River. Meander belt width estimates were selected
based on the Williams Area (1986) model. Reach 7 was recommended as 78 m, Reach 8 was
recommended as 46 m, and Reach 8a was recommended at 55 m. These meander belt widths include
a 20% factor of safety. Using the Williams Area (1986) model is considered a conservative estimate as
it is slightly larger than meander belt width values for most of the reaches, it is also based on bankfull
channel dimensions and is comparable to meander belt width values calculated using drainage area and
2-year discharge. The meander belt widths also generally fall within the extent of the valley bottom
width, where the channel can realistically migrate.

The meander belt widths derived from the empirical modelling range from 24 m to 60 m for the reaches
along Kilamanagh Creek. A meander belt width of 40 m is recommended based on the Willams Area
(1986) model. A greater meander belt width such as 60 m would extend beyond the extent of defined
slopes adjacent to the creek. The channel can not realistically migrate beyond the valley toe. The 40 m
meander belt width is generally situated within the width of the valley floor, and as such, it is more
appropriate and realistic.
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Refer to Appendix A for mapping of the meander belt width extent along each reach. It should be noted
that in areas where the meander belt width extended beyond the valley walls, the meander belt width
has been truncated along the estimated valley toe of slope given that the valley will act to limit channel
migration. As noted previously, if future long-term stable slope analysis is required, additional
geomorphic analysis should be completed to confirm appropriate toe erosion allowance requirements.
However, the final long-term stable slope would need to be completed and confirmed by a geotechnical
engineer.

6 Redside Dace Habitat Delineation

Kilamanagh Creek within the subject lands is considered Redside Dace (Clinostomus elongatus) habitat
by the Ontario Ministry of the Environment, Conservation and Parks (MECP). This has implications with
respect to the limit of development in proximity to the creek, as Redside Dace and its habitat are
regulated under the provincial Endangered Species Act, 2007 (ESA) and the Species at Risk Act, 2002.

Ontario Regulation 832/21 under the ESA defines occupied and recovery Redside Dace habitat as the
meander belt width and 30 m of vegetated riparian habitat along both sides of the meander belt. As
the habitat regulation does not account for differences in valley setting, where the channel is confined
or partially confined, the 30 m riparian area is applied from the toe of slope. This represents the extent
that the channel can physically or effectively migrate. This approach has been accepted by the MECP
elsewhere in the Greater Toronto Area. The extent of regulated habitat for Redside Dace is presented
graphically in Appendix A along Reach 4a and 4b in association with Kilamanagh Creek.

7 Summary and Recommendations

A fluvial geomorphological assessment was completed for the properties located at 12489 and 12861
Dixie Road to support development applications for future industrial properties. Several watercourses
flow through the subject lands, including two tributaries of the West Humber River and a third tributary
of the West Humber River named Kilamanagh Creek. The assessment included a review of historical
aerial imagery, rapid and detailed field reconnaissance, meander belt width delineation, and preliminary
erosion threshold analysis to support SWM and erosion mitigation strategies.

The meander belt widths were determined to be 40 m for Reaches 4a and 4b along Kilamanagh Creek
and 78 m for Reach 7, 46 m for Reach 8 and 55 m for Reach 8a along the tributaries of the West
Humber River. These meander belt width values include a 20% factor of safety. The reaches observed
were also confined or partially confined by defined valley walls. Note that if delineation of a long-term
stable slope is required in the future for any of the valley features on site, this work would need to be
completed by a qualified geotechnical engineer. Although, it is recommended that geomorphic input be
included in this type of study to define an appropriate toe erosion allowance.

Lastly, Kilamanagh Creek is considered redside dace habitat by the MECP. Occupied and recovery
Redside Dace habitat is typically defined based on the meander belt width and a 30 m vegetated riparian
habitat along both sides of the meander belt. As such, a 30 m buffer has been established beyond the
meander belt width extent delineated here.

A preliminary erosion threshold, expressed as a critical discharge, was determined for both the bed and
bank materials for each detailed geomorphic assessment field site. The more conservative of the two
values was used to calculate unitary erosion thresholds using estimated drainage areas for each of the
subject reaches. The unitary values were compared to those accepted for nearby watercourses to
determine whether stormwater management and erosion mitigation strategies are likely to be sufficient
to mitigate downstream impacts associated with the development. The unitary erosion thresholds
outlined here are within the range of those successfully applied elsewhere in combination with Low
Impact Development (LID) measures and stormwater management. We recommend that the pond
release rates be refined through detailed design and that a combination of onsite SWM detention and
retention through LIDs be implemented.
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We trust this report meets your current requirements. Should you have any questions, please contact
the undersigned.

Respectfully submitted,

Paul Villard, Ph.D., P.Geo., CAN-CISEC, EP, CERP Kat Woodrow, M.Sc.
Director, Principal Geomorphologist Manager of Watershed Studies

Jan Franssen, Ph.D.
Senior Watershed Scientist
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Location: Caledon, ON. (Yellow dot denotes the subject lands)
Year: 1974
Scale: 25,000
Source: National Air Photo Library

geomorphix.com | The science of earth + balance. Project #: PN23012 1



Location: Caledon, ON
Year: 2004
Scale: Digital Orthoimagery
Source: Google Earth Pro
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Location: Caledon, ON
Year: 2009
Scale: Digital Orthoimagery
Source: Google Earth Pro
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Location: Caledon, ON
Year: 2015
Scale: Digital Orthoimagery
Source: Google Earth Pro
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Location: Caledon, ON
Year: 2019
Scale: Digital Orthoimagery
Source: Google Earth Pro
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Photo 1
Kilamanagh Creek - Reach 4b, Caledon, Ontario

Phtograph taken at te upstam extn of each 4b. The reach entershe ubject

Photo 2
Kilamanagh Creek - Reach 4b, Caledon, Ontario

property through a culvert along Dixie Road (yellow arrow indicates flow direction).
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riparian area consists primarily of grasses with few mature trees.
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Photo 3
Kilamanagh Creek - Reach 4b, Caledon, Ontario

" .

Average bankfull width and depth were 3.25 m and 0.66 m, respectively. At the time of

Photo 4
Kilamanagh Creek - Reach 4b, Caledon, Ontario

-7

assessment, high flows were noted, and the channel was near bankfull capacity.

A large offline pond was present adjacent to the channel, separated by a tall berm. During
high flows a small flow path connects the pond to the channel.
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Photo 5
Kilamanagh Creek - Reach 4b, Caledon, Ontario

Bank erosion was observed throughout the channel as undercuts, basal scour, exposed

Photo 6
Kilamanagh Creek - Reach 4b, Caledon, Ontario

tree roots, and fallen or leaning trees.
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Photograph taken near the downstream extent of the reac. A low density of woody debris
was present in the channel and cutbanks.
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Photo 7
Kilamanagh Creek - Reach 4a, Caledon, Ontario

Photograph taken at the upstream extent of Reach 4a. The reach was characterized as

irregularly meandering through a partially confined valley.

¥

Photo 8
Kilamanagh Creek - Reach 4a, Caledon, Ontario

The riparian zone was dominated by a continuous coverage of herbaceous vegetation and
grasses, with few mature trees present.
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Photo 9
Kilamanagh Creek - Reach 4a, Caledon, Ontario
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A degraded tractor crossmg was present within the reach. The concrete culvert was

separated through the mlddle and flows were undermlnmg the feature.

Photo 10
Kilamanagh Creek - Reach 4a, Caledon, Ontario

Bank angles ranged from 30° to 60° with minor undercutting observed. Average bankfull
width and depth was 3.36 m and 0.65 m, respectively.
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Photo 11
Kilamanagh Creek - Reach 4a, Caledon, Ontario

The reach was dominated by runs with few deep pools observed. Bed substrate was
comprised of clay/silt, sand, gravel and cobbles.

Photo 12
Kilamanagh Creek - Reach 4a, Caledon, Ontario

Photograph taken at the downstream extent of the reach. Canopy cover was limited, and
bank slumping was frequently observed in this section.
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Photo 13
Tributary of the West Humber River- Reach 8a, Caledon,
Ontario

ST A

Phtographtaken at the upstream extent ' Reach 8a. The rech enters the subject
property through a culvert along Dixie Road (yellow arrow indicates flow direction).

Photo 14
Ontario

Tributary of the West Humber River- Reach 8a, Caledon,

The reach flows through a pasture in a partially confined valley. The riparian area consists

primarily of grasses with few mature trees.
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Photo 15
Tributary of the West Humber River- Reach 8a, Caledon,

Ontario

i

Riffle-pool morphology was observed. Bed substrafe consisted primarily of clay/silt, sand,
and gravel in pools and gravel and cobbles in riffles.

Photo 16
Tributary of the West Humber River- Reach 8a, Caledon,

Ontario

Bank slumps and undercutting were noted throughout the reach. Bank material was
primarily silt, sand, and some clay.
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Photo 17
Tributary of the West Humber River- Reach 8a, Caledon,

Ontario

Bank erosion was high in the channel ranging from 60% to 100% of the banks eroded.

Photo 18
Tributary of the West Humber River- Reach 8a, Caledon,

Ontario

Large bank slumps, undercutting, and basal scour were most frequently observed.
T

Photograph taken near the downstream extent of the reach. Average bankfull width and
depth were 4.59 m and 0.79 m, respectively.
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Photo 19
Ontario

Tributary of the West Humber River- Reach 8, Caledon,

ned valley.

Photograph taken at the upstream extent of Reach 8. The reach was characterized as an

Photo 20
Ontario

Tributary of the West Humber River- Reach 8 Caledon,

irregularly meandering, low gradient channel within a partially confi

encroached the channel.
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Photo 21
Tributary of the West Humber River- Reach 8, Caledon,

Ontario

Bank angles ranged from 30° to 60° and bank material was comprised of clay/silt, and

Photo 22
Tributary of the West Humber River- Reach 8, Caledon,

Ontario

sand. Average bankfull width and depth was 4.10 m and 0.67 m, respectively.

Bank erosion was observed through 30% to 60% of the reach. Undercuts, exposed tree
roots, and fallen/leaning trees were observed indicating the channel is widening.
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Photo 23
Tributary of the West Humber River- Reach 8, Caledon,

Ontario
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A moderate density of large woody debris jams were present within the channel and the

Photo 24
Tributary of the West Humber River- Reach 8, Caledon,

Ontario

cutank.
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Photograph taken at the downstream extent of Reach 8. The reach was dominated by

runs with few deep pools and bed substrate ranged from clay/silt, and sand to cobbles.
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Tributary of the West Humber River- Reach 7, Caledon,

Photograph taken at the upstream extent of the Reach 7. Riparian vegetation was
domlnated by a contlnuous dense coverage of mature trees.
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Tributary of the West Humber River- Reach 7, Caledon,

The reach was characterized as irregularly meanderlng situated in a partially confined

valley with valley wall contacts frequently observed.
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Photo 27
Ontario

Tributary of the West Humber River- Reach 7, Caledon,

and expo

sed parent material (till) in pools and sand, gravel, and cobbles in riffles.
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Photo 28
Tributary of the West Humber River- Reach 7, Caledon, Ontario

i TS il - 3
Evidence of bank erosion was observed throughout 60% to 100% of the reach. Undercuts
measured up to 0.82 m and exposed till, fallen/leaning trees, and exposed tree roots were

common.
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Photo 29
Tributary of the West Humber River- Reach 7, Caledon,

Ontario

Bank angles ranged from 0° to 30° at the inside of bends and 60° to 90° along the rest of

depth w

Photo 30
Tributary of the West Humber River- Reach 7, Caledon, Ontario

the reach Average ankfuII idth nd ere 7.17 m and 0.5 m respctively.

Photograph was taken at the downstream extent. Aquatic vegetation was present along
45% of the reach. Watercress was commonly observed indicating evidence of potential
groundwater inputs.
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General Site Characteristics

-

Project Number:

GEO

M ORPHIX"

Date: a=Ue” U Stream: Nk W) « Auw
Time: Reach: Reach 4a

Weather: S " Location: Dibele Lo Colod i
Field Staff: Ay Watershed/Subwatershed: \}\) . Huvv\&;’e Ve
Features Monitoring Site Sketch Compass
;:i Reach break Long-profile

R station location
Cross-section
Flow direction
Riffle

Pool

Sediment bar
Eroded bank/slope
Undercut bank
Bank stabilization
Leaning tree
Fence

Monumented XS
Monumented photo

Monumented photo
direction

Sediment sampling
Erosion pins
8 Scour chains

-
©]
:
=

Additional Symbols

ool /

(MNun oo te ﬂf
{ .
LI v oA

L__1 Culvert/outfall
Swamp/wetland Dao/Pe,(‘
YVVY Grasses W OL__,{,A.@ A
E:B Tree Uf:) |
@ Instream log/tree
X X« Woody debris Llooc
%% Beaver dam
a» Vegetated island
Flow Type
H1  Standing water H1A Back water
H2  Scarcely perceptible flow -y ff:’& / H}ﬁf ¢ {rﬁ'{ Aty
H3  Smooth surface flow < i@ © ' delm g
H4  Upwelling
H5 Rippled
H6  Unbroken standing wave
H7  Broken standing wave AP
H8 Chute - i)
H9  Free fall H9A Dissipates below free fall
Substrate
S1  Silt $6  Small boulder
S$2 Sand S7 Large boulder
83  Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till heov vea -
S5  Large cobble on »\‘Z‘m (ﬁs}%ﬁ L L
Other \ \ | e by EANS
BM Benchmark EP Erosion pin t *,j/ :
BS Backsight RB Rebar
DS Downstream us Upstream B
WDJ  Woody debrisjam TR Terrace L
VWC Valley wall contact FC Flood chute il
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes:
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Project Number:

GEO

MORPHIX"

Rapid Geomorphic Assessment

Date: y Q=) " Stream: ) ) '
Time: Reach: Reach 4a
Weather: ‘CSX,;\ . ! gfﬁ’ g Location: ;k\ w' @ & * g ol
Field Staff: f\ N Watershed/Subwatershed: \,\) \)(\I\W\\VI/\/
C— - Geomorphological Indicator Present? [i;actgr
No. |Description Yes No alue
1 |Lobate bar v
2 |Coarse materials in riffles embedded \/ \
Evidence of 3 |Siltation in pools / i’ /‘1
Aggradation 4 |Medial bars v
(AD) 5 |Accretion on point bars v o N L{S
6 |Poor longitudinal sorting of bed materials v
7 |Deposition in the overbank zone v’
Sum of indices =| 2
1 |Exposed bridge footing(s) M(
2 |Exposed sanitary / storm sewer / pipeline / etc. G%@Q‘;‘Lf” //J
3 |Elevated storm sewer outfall(s) //
) 4 |Undermined gabion baskets / concrete aprons / etc. . o \
g;’gdrea';g%g; 5 |Scour pools downstream of culverts / storm sewer outlets v l/
(DI) 6 |Cut face on bar forms v’ {,0
7 |Head cutting due to knickpoint migration \/’
8 |Terrace cut through older bar material ) v~ b & (0(9'.'}
9 |Suspended armour layer visible in bank wﬁ{ / P ‘
10 |Channel worn into undisturbed overburden / bedrock v
Sum of indices =| | S
1 |Fallen / leaning trees / fence posts / etc. /
2 |Occurrence of large organic debris \/
3 |Exposed tree roots v
4 |Basal scour on inside meander bends v'
E\\I/\j?deennci?]g()f 5 |Basal scour on both sides of channel through riffle vd 3/%
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. P
7 |Length of basal scour >50% through subject reach \//
8 |Exposed length of previously buried pipe / cable / etc. ./;é y L C}g g":;(""
9 |Fracture lines along top of bank Vv
10 |Exposed building foundation 2=
Sum of indices = g (
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 - [
Form 4  |Cut-off channel(s) v /’3
AdJ'Lélsthr;went 5 |Formation of island(s) NS
6 |Thalweg alignment out of phase with meander form \/// 6] . (L{ 3
7 |Bar forms poorly formed / reworked / removed \/ ‘
Sum of indices = ] {,
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =| 0,0 03
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20 ,Zl/ 0.21 - 0.40 O 0.41
Version #3 Senior staff sign-off (if required): Checked by: @(\I

Last edited: 10/02/2023
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Rapid Stream Assessment Technique Project Number:

Date: ADTA 0L | @ Stream: s 5%) b LA EVYye -
Time: Reach: Reach 4a
Weather: 4 v o {43 ¢ Location: Oixie g‘; oL &
Field Staff: Py S h Watershed/Subwatershed: \N \)\’\Am‘wf{
Category Poor Fair Good Excellent
«(250% of bank networ « 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 bgnk
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 areag stable « Stream bend areas very
unstable unstable « Quter 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 mainste bank for large
bank for large mainstem (1.5-2.1 m above stream |« Bank overhang O. maingtem areas)
areas) bank for large mainstem Bankj 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 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
er stri i
ﬁmr/&ef%nk i « 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 material plant/soil matrix or material | plant/soil matrix or material
compromised « Plant/soil matrix
. compromjsed
. Channel cross-sectigizis—{= Channel ckoss-section is |+ Channel cross-section is « Channel cross-section is
generally trapezoiddlly- generally grapezoidally- generally V- or U-shaped generally V- or U-shaped
shaped shaped_
Point range Oo0o o110 2 D3D4h5» 0O 6 O 7 0O 8 O 9 0O 10 O 11
« > 75% embedded (> » 50-75% embedded (60- |. 25-49% embedded (35- Riffle embeddedness < f
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 - Low to moderate number | . Moderate number of deep . Hmaééb o
« Pool substrate of deep pools pools (> 61 cm deep)
composition >81% sand- | ¢ P60l substrate « Pool substrate composition (> 122 cm deep for large
silt Kcomposition 30-59% sand-silt instem-areas).—... ./
60-80% sand-silt )g peed® ™ ) « Pool substrate composition
Y Lo <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/orwwwmeaped
E it sediment deposits sediment deposits |.sedinTént deposits sediment deposits absent
Deposition common v COTTITTION uncorvnmjgmi.k,,i.,,.,~ i
« Fresh, large sand . Fresh, large sand Fresﬁ’,’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 _fresk=send-deposits-dlohg sediment deposition on
deposition along major fresh sand deposits along | \topsortow bariks overbank
portion of overbank area top of low banks
- Point bars present at « Point bars commopy == ars small and stable, |« Point bars few, small and
most stream bends, | moderate to largé 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 or no fresh sand
amount of fresh sand e
Point range OO0 O1 O 2 O3 0O 4 W 5 o066 O7 O 8
A
Version #2 Senior staff sign-off (if required): Checked by: Completed by: R\l

Last edited: 10/02/2023
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GEO

M ORPHIX"™

pate: | 2023-06-13 len: | 23013 Location: | Trib. W. Humber |
Category Peor Fair Good ——excelfent |
- 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 mainstem
mainstem areas) mainstem areas) mainstem areas) areas)
f-~-Dominated by onehabitat | « Few pools present, riffles | . Good mix between riffles, . 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 J generally slow and and depth of flow of flow present (i.e., slow,
shallow) (for large i 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: || 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 I+ 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 mainstermareas laFge mainstem areas " Targe mainstem areas
. Large pools generally < |« Large pools generally 30- | ./Large pools generaily 46-614| « 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 AR cover/structure
» Extensive channel F-Moderate amount of . Slight amount of channel » No channel alteration or
alteration and/or point channel alteration and/o alteration and/or slight significant point bar
bar moderate increase in i{| increase in point bar formation/enlargement
formation/enlargement point bar j formation/enlargement
formation/enlargement_/
-‘Riffle/Pool ratio 0.49:1 ; | Riffle/Pool ratio 0.5- « Riffle/Pool ratio 0.7-0.89:1 | . Riffle/Pool ratio 0.9-1.1:1
=1.51:1 B N 053 3 R I B s I —1711-1.3:1 T
. Summer afternoon water |« Summer afternoon water | .«£Sun afternoon wa@\ » Summer afternoon water
temperature > 27°C temperature 24-27°C \temperature 20-24°C > temperature < 20°C
Point range oo o1 0O 2 D3\4‘ Oo5 0O 6 o7 0O 8

Water Quality

Substrate fouling level:
High (> 50%)

°

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

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

o,

/ Substrate-fouling level:
L_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

“Clear flow
. TDS: < 50 mg/L

o,

°

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
organic odour

- Slight to moderate
organic odour

. Slight organic odour

{ No odour
\L

’\&7[]8

Point range e OneEle 4 BB 2 O3 0O 4 Oo5 0O 6
. Narrow riparian ar, oﬁw—"m’ﬁriéin area . Forested buffer generally . Wide (> 60 m) mature
mostly non-wood predominantly wooded > 31 m wide along major forested buffer along both
s vegetation but with major localized portion of both banks banks
Riparian ‘gaps

C::(;Ittiitns . Canopy coverage: 7, ‘Canopy coverage: 50- . Canopy coverage: . 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 / for large mainstem areas) large mainstem areas)

areas) i’
Point range oo o1 \ZDB O 4 0O5 o6 0O 7
9

Total overall score (0-42) =

YAC)

Poor (<13)

Cronaan

Good (25-34)

Excellent (>35)

Version #2
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Reach Characteristics Project Number: | y i o )
Date: 2822 Bl" | § Field Staff: N &1 , Watershed/Subwatershed: | |\ H_u B¢
Time: Stream: e ) Md ¢ 1 1A LR UTM (Upstream):
Weather: Snviy (B Reach: UTM (Downstream):
eac a
Land Use Valley Type Channel Type Channel Zone Flow Type "
5 [ Evidence of Groundwater Location: Photo:
(Table 1) 6 (Table 2) (Table 3) "7— (Table 4) Z (Table 5) j——
Riparian Vegetation I ] Aquatic & Instream Vegetation J l Water Quality !
Dominant Type 3 Coverage Channel Widths Age (yrs) Type / Woody Debris WD Density Odour Turbidity
(Table 6) O None O1-4 /E(mmature (<5) (Table 8)/ O In Cutbank ?/Low WDJ/50m: (Table 16) (Table 17)
Encroachnent O Fragmented /9’4 - 10 O Established (5-30) (?/In Channel [ Mod i 2
(Table 7) LA; Q(’Continuous 0> 10 0 Mature (>30)’ﬁ‘re¢_ ) c°ver:;:ﬁ2 @ O Not Present [ High
Channel Characteristics |
Sinuosity Type 2 Sinuosity Degree Z Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) (Table 10) 0o0-30 O< 5% Bank /Zf AT O O O O O
Gradient /_]_ # of Channels 1 &30 - 60 05 - 30% Riffle—] = -Gt O
(Table 11) (Table 12) 060 - 90 |30 - 60% Pool O O O O O O O
Entrenchment Bank Failure \SkUndercut 0060 - 100% ~Bed - o £Z
(Table 13) | L (Table 14) | /2 G p=d P=g o U -
Down'’s Model Bankfull Indicators Bankfull Width 2 & PR - : - o2 )
(Table 15) E (Table 18) \/7' my | 1T AN OGP Wetted Width (m) |1, 7 <8 3.08.
Sed Sorting 3 Sediment Transport - Bankfull Depth M Cid - ~ i} ~ Y7
(Table 20) Observed? [1Yes [NNo [ Not Visible (s O+ 0o Wetted Depth (m) | 5,25 O (SH .12
e o
Tian sport i % of Bed Active | () Undercuts (m) Velocity (m/s) 1 PR
Mode (Table 21) Z O ST ET 71313
Geomorphic \ /1 N Mass Movement Pool Depth o Velocity Estimate LikBle . Ofte
Units (Table 22) Cq/ 'Y (Table 23) (m) |02 01185 Method RIS o ™
Riffle-Pool . S . Meander Amplitude Py yd
Spacihg (mb: \ o% Riffles: | () | % Pools: 20 | Riffle Length (m) P i) / P S
S Il
Notes: Sye ndiced s Salebhorn Lly — Olaus  wunlitely, b j0v oclu e
E- beotr easide  chove ~ lockios
) &,«
Photos:
Version #4 Senior staff sign-off (if required): Checked by: Completed by:
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General Site Characteristics

Project Number: .

GEO

MORPHIX"

Date: 2003~V 1% Stream: Trile W
Time: Reach: Reach 4b

[ P, \ \ " Y a o
Weather: i LA R ( Ip Location: e {i’f ‘g:‘.', ‘,;»Q s AN\
& Ay \ J
Field Staff: MR Watershed/Subwatershed: N \"\‘U\ WA per

Compass

Features Monitoring Site Sketch
|_——__:j Reach break -0-0—-0~ Long-profile
R Station location L—1 Monumented XS
X Cross-section @ Monumented photo
—% Flow direction i Monumented photo
AN Riffle direction
> Ppool W sediment sampling
&&» Sediment bar Erosion pins
HHH#H#  Eroded bank/slope 8 Scour chains

Undercut bank

Additional Symbols

EXXXXd Bank stabilization
—>» Leaning tree
*-¥%-X Fence N\
L1 Culvert/outfall g2 ('sgw&s"m ket
Swamp/wetland ; l
YV Grasses
€3 Tree
@ Instream log/tree
X X ¥ Woody debris
H¥% Beaver dam
a» Vegetated island
Flow Type
H1  Standing water HL1A 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 HO9A Dissipates below free fall e k.
Substrate S AN
S1  Silt $6 Small boulder A ne\
S§2 Sand S7 Large boulder
S3  Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till el
S5 Large cobble
Other “‘“\‘f’_neoum ’)ym:y% &y VC&M’?{*M‘)‘M I
BM Benchmark EP Erosion pin
BS Backsight RB Rebar = é ®#S N CF Anrimein - :
DS Downstream us Upstream 2b15%
WDJ Woody debris jam TR Terrace D
VWC Valley wall contact FC Flood chute d LEM“JA’H S2 afj :?: :'":;4: L [? L l ' ‘ l
BOS  Bottom of slope FP Flood plain Photos i .
TOS  Top of slope KP Knick point Notes: @m}p X -2 VN, V¥ ok L5 e Z’ 4
2o " @) Y 4 /’ . ¥e ,% S ;;:fw «'J'" o 2 ST "‘,f.. .
- e “Cives  ards’ @ (2] ; V Or\o/l ’L&vw\ k. lbeonc heod =R 74
Connecltecd WOl phprnal ~ Lkels, & Howy
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Rapid Geomorphic Assessment

Project Number:

GEO

MORPHIX"

et . &

Date: 2072 5 Stream: "1y »
Time: Reach: Reach 4b
Weather: SN Y ! % ol Location: DiXie 2 (A 60(@"7"\
Field Staff: Q & W Watershed/Subwatershed: \,\) \ \)(\/\W'\\WG’(
Geomorphological Indicator Present? Factor
RiigeEss No. |Description Yes No Value
1 |Lobate bar \//
2 |Coarse materials in riffles embedded ;// P
L/ foe
Evidence of 3 |Siltation in pools l// ‘ / )
Aggradation 4 |Medial bars v
(AD) 5 |Accretion on point bars v
6 |Poor longitudinal sorting of bed materials .:}é \//
7 |Deposition in the overbank zone »/‘f
Sum of indices = ‘::) ’:}r ©
1 |Exposed bridge footing(s) ’
2 |Exposed sanitary / storm sewer / pipeline / etc. MM
3 |Elevated storm sewer outfall(s) NI
4 |Undermined gabion baskets / concrete aprons / etc. | O i
Evidence_of 5 |Scour pools downstream of culverts / storm sewer outlets v /1
Degradation !
(DI) 6 |Cut face on bar forms
7 |Head cutting due to knickpoint migration e
8 |Terrace cut through older bar material v
9 |Suspended armour layer visible in bank ¢ ¢, , v
10 |Channel worn into undisturbed overburden / bedrock Vil
sum of indices =| () L ®)
1 |Fallen / leaning trees / fence posts / etc. v’
2 |Occurrence of large organic debris v~
3 |Exposed tree roots v
4 |Basal scour on inside meander bends v
E\\;\i(ijdeennciﬁ;f 5 |Basal scour on both sides of channel through riffle v b/ﬂ
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. () ., U\ A v
7 |Length of basal scour >50% through subject reach ) v_
8 |Exposed length of previously buried pipe / cable / etc. \/
9 |Fracture lines along top of bank ;
10 |Exposed building foundation |
) Sum of indices = b . 61 @, Lt H
1 |Formation of chute(s) N4 / -
Evidence of 2 |Single thread channel to multiple channel v
Planimetric 3 |Evolution of pool-riffle form to low bed relief form o ? .
Form 4 _|Cut-off channel(s) - / g
AdJLEitIr;went 5 |Formation of island(s) g
6 |Thalweg alignment out of phase with meander form () | . *
7 |Bar forms poorly formed / reworked / removed )
Sum of indices =| 7. 3 G, 2.8
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =[ O. 2,5?:,
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20 ;(0.21 - 0.40 O 0.41
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Rapid Stream Assessment Technique

Project Number:

GEO

M ORPHIX"

i ]

Date: CJ‘Z;}‘; Ol =% Stream: b W §
Time: Reach: Reach 4b
Weather: unny (o Location: L e Pl Ca s
Field Staff: AV SH Watershed/Subwatershed: W. lumbese
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 sloughing, slumping or sloughing, slumping or sloughing, slumping or
\_frequently observed ___J failure fairly common failure failure
- Streambend 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 (1.21 | . Height < 0.6 m above Q ¢
above stream bank 1.2 m above stream 1.5 m above stream bank stream (< 1.2 m above X a,«_%fﬁ“
(2.1 m above stream bank for large mainstem areas) stream bank for large il
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) o
Channel m - Bank overhang 0.8-0.9m 3
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 A/
per stream mile per stream mile scarce tree falls per stream mile {
. 2-3 recent large tree falls
e 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 material plant/soil matrix or material plant/soil matrix or material
compromised » Plant/soil matrix
L . compromised
. Channel cross-sectién is |« Channel dross-section is |« Channel cross-section is « Channel cross-section is
generally trapezoidally- generally frapezoidally- generally V- or U-shaped generally V- or U-shaped
shaped —~|__shaped~
Point range Lm0, 0 1 02 \133[:]41215 06 07 0O 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%
mainstem areas) mainstem areas) mainstem areas) embedded for large
mainstem a >
- Few, if any, deep pools - Low to moderate number | . Moderate number of deep ﬁigh number of deep podls
» Pool substrate of deep pools ols (> 61 cm deep)
composition >81% sand- |« Pool substrate Pool substrate composition (> 122 cm deep for large
silt composition 30-59% sand-silt i
60-80% sand-silt « Pool substrate composition
<30% sand-silt
Channel - 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 | andfor~banana”-shaped
Sad mant sediment deposits sediment-deposits -sediment-deposits— sediment deposits absent
b 5 common common uncommon
eposition B
- Fresh, large sand - Fresh, large sand - Fresh, large sand deposits [Fresh, large sand depost
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 he
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 y P!
Point range Oo o1 0O 2 O3 O 4 O5 O 6 N7 oOs
Version #2 Senior staff sign-off (if required): Checked by: Completed by: ¥‘f\l
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GEO

M ORPHIX"

[Date: ] ?O'Z%““Ofm"‘i?;

|

PN: | 22015

) ]
Location: ‘ (}‘» l(; OA D

Category Poor Fair Good e Exc —
» Wetted perimeter < 40% |. Wetted perimeter 40- « Wetted perimeter 61-85% | o/ 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 between riffles, 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)
N e TPy o e, 1 R
« Riffle substrate « Riffle substrate « Riffle substrate . ﬁ?ﬂé\;ubstrate
composition: composition: composition: good mix of composition: cobble,
predominantly gravel predominantly small gravel, cobble, and rupble 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 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
. Large pools generally < - Large pools generally 30- //Large pools generally. 46-61 |« Large pools generally > 61
30 ¢cm deep (< 61 cm for 46 c¢cm deep (61-91 cm cm deep (91-122 cm for\ cm deep (> 122 cm for
large mainstem areas) for large mamstjm large mainstem areas) w th large mainstem areas) with
and devoid of overhead _areas) with littleor no, some overhead / good overhead
cover/structure ( overhead Cﬁ’\’/ér/structuﬁe \cover/structure o’ 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 increase in point bar formation/enlargement
formation/enlargement point bar J| formation/enlargement
fermation/enlargement”
« Riffle/Pool ratio 0.49:1 ; » Riffle/Pool ratio 0.5- . Riffle/PooI ratio 0.7-0.89:1 | . Riffle/Pool ratio 0.9-1.1:1
2151 0.69:1; 1.31-1.5:1 11-1.3:1
. Summer afternoon water |. Summer afternoon water /Summer ~afternoon waters,_ |+ Summer afternoon water
temperature > 27°C temperature 24-27°C (temperature 20-24°C /,r temperature < 20°C
Point range g B 1 B2 03 0O 4 \gsps o7z O 8

Water Quality

. Substrate fouling level:
High (> 50%)

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

+/Substrate fouling Ievel \

{ Very 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
+.IDS: 50-100 mg/L

‘:- Clear flow

~TDS: < 50 mg/L/ e

. Objects visible to depth
< 0.15m below surface

« Objects visible to depth
0.15-0.5m below surface

./Objects visible to depth™
.5-1.0m below surface |

. ObJects visible to depth
> 1.0m below surface

<50% shading (30% for
large mainstem areas)

60% shading (30-44%
\ for large mainstem

60-79% shading (45-59%
for large mainstem areas)

« Moderate to strong « Slight to moderate . Slight organic odour /. No odour )
organic odour organic odour — e’
Point range oo o1 0 2 O3 0O 4 DSWSKS o7 0O 8
. Narfow riparian area of - Riparian area . Forested buffer generally . Wide (> 60 m) mature
mastly non-woody predominantly wooded > 31 m wide along major forested buffer along both
vegetation but with major localized portion of both banks banks
Riparian gaps
Habitat o ————
Conditions ¢ Canopy coverage: —<» Canopy coverage: 50- » Canopy coverage: « Canopy coverage:

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

I | areas)
Point range oo 1 0o o3 04 OS5 o6 O 7
Total overall score (0-42) = Poor (<13) %r (13-24) Good (25-34) Excellent (>35)
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GEO

PHIX™

g
- - - = 1 A
Reach Characteristics Project Number: ' ' C.5 ol
" " = = % ¢ 3
Date: 12 Field Staff: AN s Watershed/Subwatershed: J H’meb@(*
Time: Stream: ey ) 2 ¢ | UTM (Upstream):
Weather: S1A A Reach: UTM (Downstream):
Land Use 3 Valley Type Channel Type Channel Zone Flow Type :
:'— 7 [ Evidence of Groundwater Location: Photo:
(Table 1) (Table 2) :5 (Table 3) (Table 4) (Table 5) 1
Riparian Vegetation , gowg ] I Aquatic & Instream Vegetation } (Water Quality
Dominant Type 3/ l(./'C(:v\lerage Channel Widths Age (yrs) Type 2 Woody Debris WD Density Odour Turbidity
(Table 6) O None 01-4 /Z(Immature (<5) (Table 8) O In Cutbank E’Eow WwDJ/50m: (Table 16) (Table 17)
e —— O Fragmented 0O 4-10 0 Established (5-30) )Z’In Channel O Mod l !
; - Reach 5
(Table 7) 5 %Contlnuous i )Z]:>’1‘OA O Mature (>30ﬁv~€.ﬂ-§> c°verage:f,/o S~ | O Not Present O High
3=
! Channel Characteristics pondkBicke
Sinuosity Type Sinuosity Degree Z Bank Angle Bank Erosion (Table 19) (Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) Z (Table 10) 0o-30 O < 5% Bank \& O O O O O
\\@QC&& Gradient # of Channels 030 - 60 05 -30% Riffle——T3F—— = = =t e e L
’ﬁr&' (Table 11) j_ (Table 12) 1 0 60 - 90 30 Pool O O O O O O O
% Entrenchment Bank Failure y/UﬂderCUt 060 - 100% _ Bed ES\ \&\
(Table 13) 2. (Table 14) \/Z_- i " oS (if :fo;g:zlgs?)l R \Ek O a -
NP : e .
+~ Down'’s Model Bankfull Indicators L ‘ 1 Bankfull Width - -
. S E ! (Table 18) ﬂfl CoOUASIv é el S (m) 4.3 L Wetted Width (m) | Ly ,3 2.7
> B ‘m Sediment Transport /Z/ = Bankfull Depth | . . 0.5 A
7 (Table 20) 3» L/gzierved? [ Yes ZI No [ Not Visible (m) DB O g Wetted Depth (m) | 0.5 OeD
unliice iy
o 3 Transport 4/0 / . ®) oo 02 : P 389
Mode (Table 21) 1 % of Bed Active Undercuts (m) |5 , < 0. D \2,5 Velocity (m/s) | 296 0,08
Geomorphic Mass Movement Pool Depth , Velocity Estimate |, o(lc %
Units (Table 22) /O (Table 23) ' (m) 06l 07 oo Method W ik WG
Riffle-Pool . . . . Meander Amplitude
Spacing (m): N/P( % Riffles: @ % Pools: ZO Riffle Length (m) (m)

Notes: LA ¥
Photos:
Version #4 Senior staff sign-off (if required): Checked by: Completed by: _M_
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GEO

. . o . } WA LY, MORPHIX™
General Site Characteristics Project Number: ? N 250 L
Date: 2{32"2}» f{a 1 Stream: “Th y WAD | %“% bAoA L X0
Time: Reach: Reach 7 ;
Weather: S U AN W | * g Location: el @ Eed (oo s
Field Staff: AN 8\ Watershed/Subwatershed: W Humber
Features Monitoring Site Sketch Compass
= Reach break -0-0-0~ Long-profile
R Station location I——1 Monumented XS
¥——X Cross-section [:6:] Monumented photo
—> Flow direction l Monumented photo
A Riffle direction
> ool w Sediment sampling
B  Sediment bar IO Erosion pins
fHH#  Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols .
o " 1
Eg Eank‘stablllzatmn §’< 5 C/fQ‘?‘&(\) (&
eaning tree P
%-x-x Fence ]
L1 Culvert/outfall (-'f = w‘ir\?&
Swamp/wetland / )
VVVY Grasses
€3 Tree
©= Instream log/tree el 3 OB ’L»Vi)
X X ¥ Woody debris ”u& ?
SR Beaver dam L %
Jpeods TR
&P Vegetated island : | (S f“ﬁa nA &éﬁw
Flow Type N R | 187 C ‘
H1  Standing water H1A Back water et f" o ;{?ﬂ" % %}g«ﬁﬁ f«%—
H2  Scarcely perceptible flow {,;,q ’f;‘r" » O ‘ '@
H3  Smooth surface flow *";‘j
H4  Upwelling P ¢2/,/ et » : 'Z )
H5 Rippled el o = /‘)ﬁ L \l& (A
H6  Unbroken standing wave ’92 3 \“&‘-}"
H7  Broken standing wave &4 %‘9%%\ A L m* : ?W%Jc\ o Oeow by
H8  Chute X 5\:@5@9%5: "“e‘ TR
H9 Free fall H9A Dissipates below free fall ~ g‘?’wﬁ :z&g?f“
Substrate %\fj J= OHoms
s1  silt $6  Small boulder BYwz 10, 58
S2  Sand S7  Large boulder / ww= 4,77~
S3  Gravel S8 Bimodal \oko §= 7 wd = 024w
S4  Small cobble S9  Bedrock/till 9 T B O M
S5  Large cobble M\w\j ?‘;\ 55 ]
Other ye cﬁ\‘:“ i JWE o e
BM Benchmark EP Erosion pin [SEa v L~ i
BS  Backsight RB  Rebar fa I ]
Ds Downstream us Upstream 5(4@2’ £ - g ef . _—
WDJ  Woody debris jam TR Terrace {hm 4 Crm / ;\_c\ Li i ! ]
VWC Valley wall contact FC Flood chute 05 S C lr
BOS  Bottom of slope FP Flood plain Photos: 0s .}o US :
TOS  Top of slope KP Knick point Notes: Ciavﬂ'kﬁi; Ve aﬂa ) ""'f«"i-"’}‘ \
@} Unacxaw‘l o NIm W O!c‘ + 3093 N ;s%.:&(& j*me' { e iﬁe«f?::j %-r”r 1w ) i
(Q Sicl » Y _SvbhTacmu ler S Do r“mﬁﬂ?"my
¥ \;,amf"::& Yrees, omﬁg vo}&u:} \me,,\i'
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FenlneC subScde ool f\": on substrude dops Page _| of %

P Mina ows PN 0\’”\&%&
Walkeod DSy g




GEO

. s . ‘;‘»‘;‘, \ ) g MORPHIX"
General Site Characteristics Project Number: " & i
Date: 2022 ~Qp-D Stream: “F"",AL W, Huwalees
Time: Reach: Reach 7 j
Weather: Sannd 1B Location: t’g‘f\\vﬁ,; wif B m} f O
Field Staff: 't l Watershed/Subwatershed: Hﬁ%m f‘g@,‘/
Features Monitoring Site Sketch | Compass
}_———_—1 Reach break -0-0-0- Long-profile
R Station location L——1 Monumented XS CD
¥—X  Cross-section @ Monumented photo
> Flow direction i Monumented photo @,E’* z
A Riffle direction i Wj&» \SZ* $3 behi~d (IO
> Ppool W sediment sampling RN ; BN P S erefion
&L v
&X» Sediment bar Erosion pins ) \Q&r\b )= o L&,
Hf#HHH  Eroded bank/slope 8 Scour chains § i

Undercut bank Additional Symbols

f\éd‘f"k 0 '2L"’"’\

EXXXXd Bank stabilization R
—>» Leaning tree é'):} - c,.m‘ﬁr::%&(/ ! . %
*-%--X  Fence X
L1 Culvert/outfall (@vr{g: ! LBz gard ¥ ﬂfm“)v
Swamp/wetland b cexes e ﬁ‘& :“m ! )
VWYV Grasses . e & ositS, |
€3 Tree owes\ oy 9\3 £\ %
= Instream log/tree \
XX ¥ Woody debris a
%% Beaver dam x
&P Vegetated island W —
oW
Flow Type o:u‘"‘ ; L 50?,.,‘ _
H1  Standing water H1A Back water T i
H2  Scarcely perceptible flow
H3  Smooth surface flow
H4  Upwelling
H5 Rippled Q
H6  Unbroken standing wave
H7 Broken standing wave
H8 Chute ™ O}(\) s
H9 Free fall H9A Dissipates below free fall
Substrate gg‘?m’
S1  Silt S6 Small boulder
S2 Sand S§7  Large boulder
S3 Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till
S5  Large cobble
Other
BM Benchmark EP Erosion pin
BS Backsight RB Rebar U(\‘-',‘
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:
CO\SCQJQ Poa\ SCaueney
- (e C’*t& Su\owgcn‘\' ( ves, voder wci"& 265 %”‘35’"‘ "ﬁ amu&é
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General Site Characteristics Project Number:

Date: 702 %ﬁ - % “, Stream: “(T Lo (D H :
Time: Reach: Reach 7 .
y k& a o, % > ? i )

Weather: ; m Location: D o e Xad o
Field Staff: Watershed/Subwatershed: W Bruavnbes
Features Monitoring Site Sketch Compass
;:__—__—___—1 Reach break -0-0-0- Long-profile

R Station location L——1 Monumented XS
¥—X  Cross-section @ Monumented photo
—* Flow direction i Monumented photo
~ANA Riffle direction
> Pool W sediment sampling
R Sediment bar OII™  Erosion pins
HHiHHY  Eroded bank/slope 8 Scour chains < ;

v

----- Undercut bank Additional Symbols
RBXXEXA Bank stabilization

= Leaning tree " y
%53 Fence “«ﬁaw (_,‘,éi 2 (3»,;,},., 40y

Culvert/outfall W

Swamp/wetland I W
VYV Grasses » . _Qﬂ

€3 Tree %:mf‘f &

= Instream log/tree RN %c_m‘&‘k rSahdl
X X ¥ Woody debris G’R : 557 T { cob
%%  Beaver dam Wwz  LRE b 5?”’”"“}' ke

- & .

&  Vegetated island xS wd* oL ¥y
Flow Type E:l’ “ Ef& - g" ‘z‘:ﬁ“, cerkery ¢ obbles

H1  Standing water H1A Back water B r S

H2  Scarcely perceptible flow . ’\ "

NN =
H3  Smooth surface flow DC;Q‘L%E%%} be {16~ Q
: - / e 80
H4  Upwelling s ‘;ﬂ%u g&%v(wﬁ @H} i
H5 Rippled L L Ak
: 7 Yoo OV __J

H6  Unbroken standing wave & o ey

H7  Broken standing wave S‘;: A

H8  Chute o S{’, ,

H9  Free fall H9A Dissipates below free fall v’“’kd
Substrate

S1  Silt S$6  Small boulder

§2 Sand S$7  Large boulder MO\)& e

S3  Gravel S8 Bimodal ’

S4  Small cobble S9  Bedrock/till 3 @rm%:‘v‘“ 4 (O e

S5 Large cobble f
Other '}
BM Benchmark EP Erosion pin (7 0 . 0
BS Backsight RB Rebar oded iSledqut]
DS Downstream us Upstream
WDJ  Woody debris jam TR Terrace B |
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes:
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Rapid Geomorphic Assessment

Project Numbe

GEO

M ORPHIX"

r:

Date: 2022 ks~ g Stream: -“{m{; b I s e
Time: Reach: Reach 7
Weather: Location: e )@ ol Coladt
Field Staff: Watershed/Subwatershed: W Hruan Vp Pave
Geomorphological Indicator Present? Factor
RPREess No. |Description Yes N Value
1 |Lobate bar \/
2 |Coarse materials in riffles embedded \/
Evidence of 3 |Siltation in pools v
Aggradation 4 |Medial bars \// \/"1
(AD) 5 |Accretion on point bars \/
6 |Poor longitudinal sorting of bed materials \/‘
7 |Deposition in the overbank zone \/
Sum of indices =| |\ %) 044z
1 |Exposed bridge footing(s) N/”{x
2 |Exposed sanitary / storm sewer / pipeline / etc. M/?‘ﬁq
3 |Elevated storm sewer outfall(s) p».""//:;»\
4 |Undermined gabion baskets / concrete aprons / etc. @/ﬁz
Evidence of 5 |Scour pools downstream of culverts / storm sewer outlets N L# \/
Degradation
(DI) 6 |Cut face on bar forms \/ S
7 |Head cutting due to knickpoint migration \/
8 |Terrace cut through older bar material V
9 |Suspended armour layer visible in bank v~
10 |Channel worn into undisturbed overburden / bedrock \/
Sum of indices =| | b OO
1 |Fallen / leaning trees / fence posts / etc. /
2 |Occurrence of large organic debris S g ne. % \/
3 |Exposed tree roots \/
) 4 |Basal scour on inside meander bends \/ g
E\\Il\;?deenncii;f 5 |Basal scour on both sides of channel through riffle <3¢ v /7
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. N,/ﬁ(
7 |Length of basal scour >50% through subject reach \/
8 |Exposed length of previously buried pipe / cable / etc. f& M,,/p(
9 |Fracture lines along top of bank /
10 |Exposed building foundation N_n
Sum of indices =| £~ - O, N
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) v’ 3/
AdJLE?)tIr)nent 5 |Formation of island(s) v 7
6 |Thalweg alignment out of phase with meander form w
7 |Bar forms poorly formed / reworked / removed \/’
Sum of indices =| 7 H o474
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =[ 0.3 T2
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20] )4 0.21-0.40 O 0.41
Version #3 Senior staff sign-off (if required): Checked by: Completed by:
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Rapid Stream Assessment Technique

Project Number: T

Rl P e | i % <
Date: L0 LA “{3 - | % Stream: T W ¢ IAMAA Wl
Time: Reach: Reach 7
Weather: e 1) N Jx Location: Wikle Yo >\ "aloel oy
» i 7, )
Field Staff: & ¥ Watershed/Subwatershed: W, Htumlee Ehe
Category Poor gt Falr o oo 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 sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently observed failure fairly comm failure failure
. Stream bend areas highly |« Stream bend areas m bend areas stable « Stream bend areas very
unstable unstable « Qutef bank height 0.6-0.9 stable
» Outer bank height 1.2 m | . Quter bank height 0.9- m abpve stream bank (1.2- | . Height < 0.6 m above
above stream bank 1.2 m above str 4 above stream bank stream (< 1.2 m above
(2.1 m above stream bank for lafge mainstem areas) stream bank for large
bank for large mainstem (1.5-2.1 m above stream | . Bankfoverhang 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 g « Bank overhang 0
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 om 1/3 of bank is « Bottom 1/3 of bank is
highly erodible material generally highly| generally highly resistant generally highly resistant
« Plant/soil matrix severely material plant/soil matrix or material | plant/soil matrix or material
compromised » Plant/soil matrix
compromised
- Channel cross-section is « Channel cross-se » Changel cross-section is « Channel cross-section is
generally trapezoidally- generally trapezoidally- generplly V- or U-shaped generally V- or U-shaped
shaped shaped
Point range B0 1 02 L‘_I3L‘_I4\SL5 0O 6 O 7 0O 8 O 9 0O 10 O 11
- > 75% embedded (> » 50-75% embedded (60- |. 25-49% embedded ( RiffleNgmbeddedness <
85% embedded for large 85% embedded for large 59% embedded for large 25% sgnd-silt (< 35%
mainstem areas) mainstem areas) mainstem areas) embedded for large
mainstem areas)
- Few, if any, deep pools - Low to moderate number |4 Moderate number of deep « High number of deep pools
« Pool substrate of deep pools ools (> 61 cm deep)
composition >81% sand- | . Pool substrate . P0G rate composition (> 122 cm deep for large
silt composition 30-59% sand-silt | mainstem are
60-80% sand-silt . Pool substrate composition
<30% sand-silt s
- Streambed streak marks |. Streambed streak marks |. Streambed streak marks « Streambed streak marks
Channel w ” ” ~L Mo " A\Y ”

: and/or “banana”-sh =amrd7or-"bamana”’-shaped and/orbanana‘-shaped and/or.ibanana”’-shaped
Scouring/ ‘ . . . . 5 : e Lo e
SodinErE sediment deposits sediment deposits sediment deposits sediment deposits absént
Deposition common common uncommon

- Fresh, large sand » Fresh, large sagd » Fresh, larg® sand deposits |« Fresh, large sand deposits
deposits very common in ' uncommon i channel rare or absent from channel
channel « Small lodalized areas of « No evidence of fresh

« Moderate to heavy sand |« fresh sand deposits along | sediment deposition on
deposition along major top of low banks / overbank
portion of overbank area i ~

. Point bars present at . Point bars common, /« Point bars small and stable;y| « 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 \W—mw ~~~~~ -

Point range Oo0o o1 O 2 O3 o 4 05 .6 o7 O8
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GEO

M ORPHIX"

I Date: ; 12923 - {'}@ e iué ‘ PN: | g}%‘, \% ‘jj;: Location: ~1; > KV, i LI B
Category Poor Fair Good Excellent
« Wetted perimeter < 40% |+ Wetted perimeter 40- « Wetted perimeter 61-85% | « Wetted perimeter > 85%
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 between riffles, /“R"rfﬂ‘e%, runs and pool
type (usually runs) and and runs dominant. runs and pools - hab|tat present C
by one velocity and depth |« Velocity and depth g (ively diverse velocity Y elocity 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 (/ "Kfff fle substrate
composition: composition: composition: good mix of composition: cobble, 3
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 cgjm'fww/?ﬁeﬁepm@-w 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
. Large pools generally < {~ Large podls generally 34~ | « Large pools generally 46-61 |« Large pools generally > 61
30 ¢cm deep (< 61 cm for 46 cm deep (61-91 cm deep (91-122 cm for cm deep (> 122 cm for
large mainstem areas) ?trr*farge*ﬁf’”nstem large mainstem areas) with large mainstem areas) with
and devoid of overhead areas) with little or no some overhead ,go0d overhead™-.
cover/structure overhead cover/structure cover/structure ‘cover/structure y
. Extensive channel . Moderate amount of*_ | = Stight amount of channel . No channel altération or
alteration and/or point channel alterationl and/or | altexation and/or slight significant point bar
bar moderate increasq in increase in point bar formation/enlargement
formation/enlargement point bar Ecirjﬁation/enlargement
formation/enlargeme
. Riffle/Pool ratio 0.49:1 ; |« Rtfﬂ'e/PooI ratio Oh..\ . leﬂe/Pool ratio 0.7-0.89: 1 . Riffle/Pool ratio 0.9-1.1:1
>1.51:1 0\ $9:1; 1.31-1.5:1 7 1.11-1.3:1 S
. Summer afternoon water | . Sumwﬁ%’é'r"”é"fternoon water §Tnmer afternoon wate\ « Summer afternoon water
temperature > 27°C temperature 24-27°C emperature 20- 24°C g temperature < 20°C
Point range oo o1 O 2 O3 O 4 g o7z O 8
. Substrate fouling level: - Substrate fouling level: .“Substrate fouling level: J,,‘;‘ Substrate fouling level:

Water Quality

High (> 50%)

Moderate (21-50%)

K Very light (11-209

™

. I

Rock unders;de (O 10%)

.

Brown colour

°

Grey colour

. Slightly grey colour

Clear flow

- TDS: > 150 mg/L . TDS: 101-150 mg/L « TDS, 50-100-mg/L e TDS: <.50-mg/L”
« Objects visible to depth - Objects visible to depth bjects v15|bI€Yerp§h « Objects visible to depth
< 0.15m below surface 0.15-0.5m below surface .5-1.0m below_surface >_1.0m below surface

°

Moderate to strong
organic odour

Slight to moderate
organic odour

» Slight organic odour

No odour N

Point range oo o1 0 2 O3 0O 4 DS,Z/G Oz 0O 8
- Narrow riparian area of - Riparian area . Forested buffer generally . Wide (> 60 m) matfﬂ’@
mostly nhon-woody predominantly wooded > 31 m wide along major forested buffer along both
L vegetation but with major localized portion of both banks banks
Riparian gaps Lo e
Habitat - ~
Conditions . Canopy coverage: . Canopy coverage: 50- . Canopy coverage: »-Canopy coV‘érage \)
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% S >80% shading (> 60% for)
large mainstem areas) for large mainstem for large mainstem areas) large mainstem areas) -
areas)
Point range oo O 1 o2 | 3 Oo4 OS5
b I = o 0
Z . ‘\
Total overall score (0-42) = Poor (<13) Fair (13-24) Good (25-34) Excellent (>35)
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Project Number: = | & <2~

GEO

MORPHIX™

Reach Characteristics

Date: Py Blo- V% Field Staff: ~yY S Watershed/Subwatershed: Ho miges Rives™

Time: Stream: T\ Lo ) " { UTM (Upstream):

Weather: ; N L8° Reach: Reach 7 UTM (Downstream):

Land Use Valley Type Channel Type Channel Zone Flow Type

(Table 1) \ (Tabng)yp 2 (Table 3) ¥P 8 (Table 4) i (Table ;/)p ‘ [J Evidence of Groundwater Location: Photo:

Riparian Vegetation I I Aquatic & Instream Vegetation ] , Water Quality

Dominant Type \/ Coverage  Channel Widths Age (yrs) Type |{ 7. Woody Debris WD Density Odour Turbidity
(Table 6) i3 O None 01-4 O Immature (<5) (Table 8) -X(In Cutbank XfLow WDJ/50m: (Table 16) (Table 17)

W RS O Fragmented [14-10 O Established (5-30) WIn Channel O Mod o 5 \ \

(Table 7) \ ﬂContinuous )i> 10 ﬁJ"lature (>30) Cover:ge:?’z 5’ [0 Not Present [ High

Channel Characteristics

Sinuosity Type Sinuosity Degree Bank Angleqz ., Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) | L (Table 10) 2 po-3090 °0 < 5% Bank ol IS, = O O O O
Gradiant ,,2{’ # of Channels 030-60 Os5-30% Riffle O O O O O O O
(Table 11) (Table 12) \ K60 - 90 0 30 - 60% Pool O O O O O O O
Entrenchment | \ Bank Failure |{ 1 ${Undercut =60 - 100% ~ Bed
f no riffle-pool O O Bl
(Table 13) | | (Table 14) / ' o i) L LN Ly AN i ~Some. Sechiq~S
Down'’s Model Bankfull Indicators ||/ &} Bankfull Width . - 3¢
(Table 15) \) (Table 18) I5h (m) | 1055] €. SiST7| wetted width (m) | Ly, 77 3.96 3,85
Sed Sorti 7 Sediment Transport o Bankfull Depth g - ; -
e(Ta;Ie '2%9) 3 ! Obser\?ed? [ Yes H_No [ Not Visible (':“) 0.1% O34 0 &S' Wetted Depth (m) |04 [T A’ Oz
Transport . . o
. (Tabiep21) 5 % of Bed Active Q Undercuts (m) |5 47 G‘%i 030 |oa | pa1 |© 1Z  Velocity (m/s) | 5 g O\Z7 0.27
i
" S by . ’ =
Geomorphic :2‘ Lk Mass Movement Pool Depth e i Velocity Estimate £ e e
Units (Table 22) |2 (Table 23) \ (m) |03 (033 0.6k 0:53 Method | ¢ Loiele i
Riffle-Pool . . ] S . L . / Meander Amplitude 4 .
Spacing (m): .P; % Riffles: | “J/ | %o Pools: \ 6 Riffle Length (m) | 270 1.8 (m) ; ) /
Notes: 2 'x(::’ <X ~ ‘&[ « {r < €1 1{;\{;.:
Photos:
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General Site Characteristics

GEO

M ORPHIX™

Project Number: *

Date: 120722+ Z“f’{,; - 1% Stream: Trds L | Ko le@d
Time: Reach: Reach 8 ,
Weather: W, {87 Location: Divele Eel wA D @B
Field Staff: A b Watershed/Subwatershed: W Huo e
Features Monitoring Site Sketch \ '\_\ Compass
‘:_'_—__—1 Reach break -0-0-0- Long-profile N : #,:Siz‘ W"\f?
R station location }——1 Monumented XS
*—X Cross-section @ Monumented photo
—% Flow direction l Monumented photo
~AA Riffle direction
> Pool W  Sediment sampling
o Sediment bar IO Erosion pins
i Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols
EXXXX3 Bank stabilization
=5 Leaning tree % . 3, 00m
X=X Fence AZ 1 0, 70m
L__1 Culvert/outfall
Swamp/wetland
VYV Grasses
€3 Tree
@ Instream log/tree
XX ¥ Woody debris
D% Beaver dam
Q&  Vegetated island
Flow Type ;
H1  Standing water H1A Back water LT
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
§2  Sand S7  Large boulder Loline
S3  Gravel S8 Bimodal M
sS4 Small cobble s9 Bedrock/till
S5 Large cobble
Other O«"”\b YT
BM Benchmark EP Erosion pin Vi | L
BS Backsight RB  Rebar 6\\‘ | \Vj \ i
DS Downstream us Upstream R\ a‘;u[[,,v ] r\’\&ﬁ — zv‘l.m.j;"y;-ﬁ o
WD3J  Woody debris jam TR Terrace ‘ V \, : willon | | |
VWC Valley wall contact FC Flood chute D& y i)
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes: Q{i’xﬁ;,«_y WE 1 ( ; O { O } [w) Kjf_
eond biprs. DS - Foay mesrdony US> Ce o aHel Coek coe—

Mo

)

e LD

Version #4
Last edited: 21/02/2023
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GEO

General Site Characteristics Project Number: 120\ e il
Date: 20t - Ob -\ 3 Stream: Trib oF W. Numbe) Lok
Time: Reach: Reach 8
Weather: $ i «~ \Z ‘T Location: Dixie Q\wm‘}
Field Staff: 5; u‘l - A ‘:,/ Watershed/Subwatershed: b\}gb{—- 3&4,,5&,-,_; el
Features Monitoring Site Sket?h/\ Compass
Reach break -0-0-0- Long-profile J
F:fi Station location l——1 Monumented XS \~ \k /
¥——X  Cross-section (©) Monumented photo N ‘) /
—» Flow direction l Monumented photo J &~ . ]
~AA piffle direction (
> Ppool W sediment sampling
@&K» Sediment bar IO Erosion pins
H#Hf  Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols
EXXXX Bank stabilization
—>» Leaning tree
x-%-X  Fence
L__1 Culvert/outfall
Swamp/wetland
YVY Grasses
€3 Tree
@ Instream log/tree
X X ¥ Woody debris
% Beaver dam
&P 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
S§1  Silt S6  Small boulder
S2  Sand S7  Large boulder
S3  Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till
S5  Large cobble B
Other ]
BM Benchmark EP Erosion pin B
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:
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GEO

MORPHIX"™

General Site Characteristics Project Number: 142 \7
Date: oL3 -0b - \> Stream: Te o oF We%fﬁ Hovmber 0
Time: Reach: Reach 8
Weather: S vnemen ~ LE G Location: D, Deicok
Field Staff: S “ Ao, / Watershed/Subwatershed: W, Hunher Ri ol
Features Monitoring Site Sketch | Compass
i:::i Reach break -0-0-0- Long-profile
R Station location ——1 Monumented XS
¥—X  (Cross-section @ Monumented photo (-
—> Flow direction i Monumented photo
~AA piffle direction
> Ppool W Sediment sampling (
@R Sediment bar Il Erosion pins
i Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols
Bank stabilization
Leaning tree
Fence
Culvert/outfall
Swamp/wetland
Grasses
€3 Tree
= Instream log/tree
X X ¥ Woody debris
% 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 (3
H9 Free fall H9A Dissipates below free fall [~
Substrate i,
Si  Silt S$6  Small boulder (\
S2 Sand S7 Large boulder U
S3 - Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till
S5  Large cobble B
Other T
BM Benchmark EP Erosion pin [
BS Backsight RB  Rebar ]
DS Downstream us Upstream B
WDJ  Woody debris jam TR Terrace ] 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:
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General Site Characteristic Project Number: 7307

pte: 2013 - c.Qb -13 Sy Teib, of Wesd Humbe) pluat
e Reach8
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Rapid Geomorphic Assessment

GEO

MORPHIX"”

Project Number: 2 2,017

Date: e, O6-1% Stream: Te b o st Homled @ e
Time: Reach: ReachﬁS 7
Weather: : Location: i L Oive Reoad
Field Staff: A/ Watershed/Subwatershed: West Huebes Lined”
Geomorphological Indicator Present? Factor
Process No. |Description Yes Hp Veite
1 |Lobate bar /
2 |Coarse materials in riffles embedded M { Al
Evidence of 3 |Siltation in pools v, o, Vb
Aggradation 4 |Medial bars \/
(AD) 5 |Accretion on point bars v~ £y
6 |Poor longitudinal sorting of bed materials = 016
7 |Deposition in the overbank zone \/
Sum of indices =| [ s [
1 |Exposed bridge footing(s) T
2 |Exposed sanitary / storm sewer / pipeline / etc. o
3 |Elevated storm sewer outfall(s) T
4 |Undermined gabion baskets / concrete aprons / etc. P
Evidence of 5 |Scour pools downstream of culverts / storm sewer outlets - )
Degradation £ CD
(DI) 6 |Cut face on bar forms L /g’“‘
7 |Head cutting due to knickpoint migration v
8 |Terrace cut through older bar material v 000
9 |Suspended armour layer visible in bank v '
10 |Channel worn into undisturbed overburden / bedrock L,/
Sum of indices =| (D a O
1 |Fallen / leaning trees / fence posts / etc. M
2 |Occurrence of large organic debris V/
3 |Exposed tree roots V/
4 |Basal scour on inside meander bends V/
E\\//\;?deenncii;f 5 |Basal scour on both sides of channel through riffle ] ‘// g/ H!
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. A
7 |Length of basal scour >50% through subject reach Vé/
8 |Exposed length of previously buried pipe / cable / etc. v 0#2‘?“3
9 |Fracture lines along top of bank V‘/
10 |Exposed building foundation NI
Sum of indices =| 5 & \\
1 |Formation of chute(s) \/
T T— 2 |Single thread channel to multiple channel \//
Planimetric 3 |Evolution of pool-riffle form to low bed relief form v’ 1
Form 4 |Cut-off channel(s) o o /'1/
Ad]u(;tlr;ent 5 |Formation of island(s) v i
6 |Thalweg alignment out of phase with meander form v, | 0:57
7 |Bar forms poorly formed / reworked / removed V/
Sum of indices =| |4 g 'f
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =| 0. 725%
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20] g 0.21-0.40 O 0.41
4
Version #3 Senior staff sign-off (if required): Checked by: Completed by: m
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GEO

M ORPHIX"

Rapid Stream Assessment Technique Project Number: 212217
Date: 207/5 -Ob- \*‘3} Stream: T,\L, GC %«m b Heaniosd (el
Time: Reach: Reach 8
Weather: Svan. 8T Location: 12860 Oivwe Roadl
Field Staff: g ¥ Watershed/Subwatershed: W T
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 sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently observed failure fairly common failure failure
. Stream bend areas highly | . Stream bend areas ‘I/s Stream bend areas sam « 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 arge mainstem areas). stream bank for large
bank for large mainstem (1.5-2.1 m above stream | . Bank overhang 0.6-0.8 m Fmainste
areas) bank for large mainstem . overhang < 0.6 m
. Bank overhang > 0.8-1.0 | areas) A ) S
Channel .m « Bank overhang 0.8-0.9m
Stability « 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 15 |« 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 material ‘ plant/soil matrix or material 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 Ooo o1 0 2 O3 04 O5 \B\6D7D8 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%
mainstem areas) mainstem areas) mainstem areas) embedded for large
mainstem areas)
- Few, if any, deep pools - Low to-rrisderate-umber | - Mﬁw - High number of deep pools
» Pool substrate of deep pools podls (> 61 cm deep)
composition >81% sand- | . Pool qubstrate » 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
» Streambed streak marks |. Streambed streak marks |. Streambed streak marks « Streambed st marks
Channel = " » ” w " _oh
Scouring) and/Qw—WW anana”’-shaped
& ot sediment deposits sediment deposits eposits sediment deposits absent
Deposition common common uncommon
« Fresh, large sand - Fresh, large sand {/'Mge sand deposi « 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-er-ne SHd76F armoured with little
unstable-with-higir=" amount of fresh sand fresh sand or no fresh sand
i amount of fresh sand
Point range OO0 o1 o2 O3 0O 4 =5 O 6 O 7 O 8
Version #2 Senior staff sign-off (if required): Checked by: Completed by: !( 4
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GEO

MORPHIX"

[bate: | 2023-06-13

len: | 23012

Location: ‘ C

aledon

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)

« Wetted perimeter 61-85%
of bottom channel width
(66-90% for large
mainstem areas)

- /Wetted perimeter > 85% ofg’
bottom channel width (> |
90% for large mainstem |
areas)

4

/Porminated by one habitat
type (usually runs) and |
by one velocity and dept!
condition (slow and
shallow) (for large
mainstem areas, few
riffles present, runs and
ools dominant, velocity
ahd-depth.diversity. low)..s

=

.

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

« Few pools present, riffles

. Good mix between riffles,
runs and pools

« Relatively diverse velocity
and 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 subs

. |

Physical
Instream

composition:

predominantly gravel

with high amount of san
| < 5% cobble

i

°

Riffle substrate
composition:
predominantly small
cobble, gravel and sand
5-24% cobble

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

« 25-49% cobble

Riffle substrate
composition: cobble,
gravel, rubble, boulder mix
with little sand

« > 50% cobble

°

Habitat ieer o o

°

Iarge mainstem-areas

Riffle depth 10-15 cm fo

large mainstem areas—— |

r

[farge mainstem areas™

. Riffle depth 15-20 cm for

. Riffle depth > 20 cm for
~large-mainsteni-areas

°

Large pools generally <
30 cm deep (< 61 cm for
large mainstem areas)
and devoid of overhead
cover/structure

/

|
\

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) Auithy
~'some overhead r”“"’“”““‘“
scover/structure

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

bar

Extensive channel
alteration and/or point

formation/enlargement

channel alteration and/
moderate increase in
point bar

‘Moderate amount of \
o

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

°

g o B

lefle/Pool ratio 0 49 1

Riffle/Pool-ratio 075
0.69:1 ;1231-1.541

B Rifﬂe/x"oe»Lrai:iQ,0..,7n:!3.ﬁ89+1~~

A S BR e

e—Ri | ratio 0.9-1.1:1

Summer afternoon water
temperature > 27°C

Summer afternoon wate
temperature 24-27°C

r

Y/Summer afternoon water \
\temperature 20 24°C ,"

« Summer afternoon water
temperature < 20°C

Point range

oo o1 O 2

O 3'%;1\4

O 7 0O 8

Substrate fouling level:
High (> 50%)

Substrate fouling level:
Moderate (21-50%)

ubstrate fouling level:
Very 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

» Clear flow \
(JQS < 50 mygr:/,LM«

Water Quality

°

Objects visible to depth
< 0.15m below surface

Objects visible to depth

0.15-0.5m below surface

Objects visible toH@'h"\
0.5-1.0m below surface )

- Objects visible to depth
> 1.0m below surface

Moderate to strong
organic odour

Slight to moderate
organic odour

. Slight organic odour

(No odour\

\............._f-

Point range oo O1 0 2 O3 0O 4 Oo5 0O 6 ‘EI\7D8
- Narrow riparian area of . 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 banks
Riparian gaps
Habitat :
Condiltions . Canopy coverage: ca Wtb‘v“é'r*é‘ée “50- N | . Canopy coverage: . 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 /| for large mainstem areas) large mainstem areas)
\areas)
Point range oo O 1 ‘mzh\s 04 OS5 o6 O 7

Total overall score (0-42) =

Poor (<13)

Fair (13-24)

5875?34)

Excellent (>35)
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Reach Characteristics Project Number: L300 2 RO B
Date: 10232 Db =13 Field Staff: SH Ay Watershed/Subwatershed: | (Aest U o ¢ (20 a0
Time: Stream: Tep: o Wosh Mo aizes [iec| UTM (Upstream):
Weather: Suman-a B Reach: Reach 8 UTM (Downstream):
=
Land Use Valley Type s Channel Type Channel Zone Flow Type . :
I Evidence of Groundwater Location: Photo:
(Table 1) \ (Table 2) i?’ (Table 3) ol (Table 4) ’Z, (Table 5) ‘
Riparian Vegetation l l Aquatic & Instream Vegetation i ‘ Water Quality
Dominant Type i Coverage Channel Widths Age (yrs) Type ‘ Woody Debris WD Density odour Turbidity
(table 6) | Y2 o Hone —— O Immature (<5) (Table 8) N In Cutbank O Low WDJ/50m: (Table 16) (Table 17)
Sk O Fragmented [0 4-10 O Established (5-30) X.In Channel "] Mod \ l
4 : Reach .
(Table 7) \ ﬁContmuous )Z(? 10 KMature (>30) COvera::(‘:'/o ZS— O Not Present [ High
Channel Characteristics
Sinuosity Type Sinuosity Degree Bank Angle Bank Erosion (Table 19)  Clay/silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) | 2 (Table 10) | 0o-30 O < 5% Bank N, ™ ] O O O ]
Gradient # of Channels 9 0030 - 60 05-30% Riffle O O () O O O =]
(Table 11) | | (Table 12) 060 - 90 (30 - 60% Pool [ o o O O O O
Entrenchment ( Bank Failure | | 7 0 Undercut 0 60 - 100% _ Bed
(Table 13) | (Table 14) | '/ (rreie J L N ! O - =
<. Down’s Model Bankfull Indicators Bankfull Width | _, 5 - = . o = T
\#’ (Table 15) E (Table 18) L 7 (m) | 360 370 50 | Wetted Width (m) | 2 / o 3,70 5.3
Sed Sorting | | Sediment Transport K i Bankfull Depth | _, _ -, = o ;
(Table 20) L‘% Observed? o Yes E\No [ NotVisible (o) OF 077 | Wetted Depth (m) | & .70 0,57 N6
Transport 5 e = - 1 X
Mode (Table 21) __5 % % of Bed Active D Undercuts (m) |p N oY 2.0 515 Velocity (m/s) 026 .o
Geomorphic |2 9 Mass Movement 1 Pool Depth TN Velocity Estimate L%
Units (Table 22) | "' (Table 23) (m) [0.51(032 |07 |ocn|0H1F Method .
Riffle-Pool . y " . I Meander Amplitude yd
Spacing (m): / % Riffles: % Pools: l() Riffle Length (m) e (m) | / J
Notes:
Photos:
Version #4 Senior staff sign-off (if required): Checked by: Completed by:

Last edited: 04/04/2023




GEO

Culvert/outfall

L1
Swamp/wetland
YVVY Grasses

ms

General Site Characteristics Project Number: 220 2 moRERIX
Date: 2023 - Ob-13 Stream: Teib. oF West Homber vids
Time: Reach: Reach 8a
Weather: Svand VBC Location: 12861 Dixie. Rond
Field Staff: < ‘,Jﬁ\\/ Watershed/Subwatershed: WCS“' Heplposr QoS
Features Monitoring Site Sketch Compass
[/=—— Reach break -0-0~0~ Long-profile
R Station location ——1 Monumented XS
¥—X (Cross-section @ Monumented photo
—" Flow direction l Monumented photo
AP Riffle direction s 1
> Ppool W  sediment sampling - X |
B Sediment bar OIIO Erosion pins rv“z' CREh: 094 f '
HH#  Eroded bank/slope 8 Scour chains )ﬁs\ ) owws A5 |
----- Undercut bank Additional Symbols C TR wd = 04| }
EXXXXd Bank stabilization . distare” Jickerce 4oUNR O~ ¥ |
- Leaning tree &‘V,W' 4o valle f aciedi9 oLm |
x-x-X Fence = Y Kloodglaiem’
vy l
|
|

Tree
Instream log/tree

3
(==
X X ¥ Woody debris
Ea
QD

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
S1  Silt $6  Small boulder
S2 Sand S7 Large boulder
S§3  Gravel S8 Bimodal
S4  Small cobble S$9  Bedrock/till
S5 lLarge cobble
Other
BM Benchmark EP Erosion pin
BS Backsight RB Rebar O S?O' L
DS Downstream us Upstream O
WDJ  Woody debris jam TR Terrace Us L] [ I I

VWC Valley wall contact ~ FC Flood chute l‘cy\w_r* \
BOS  Bottom of slope FP Flood plain Photos: 5“.\(4,\ Vs Ao PL
TOS  Top of slope KP Knick point Notes: |, ,l. yokes \eeds c\gﬂ, Y i |
A ’mq,‘n beud oY soderoke Lo e, * Al lac@g&_&fiqows\-(je_ /Sf“""“\
Iy
¥ oCesses  clowing inglarany”, arcow rook 29030 avedded ccs il )
=) ) = = Y
O 4- 0U5m, aBie an&?'a‘.m dz 0.18m <
Version #4 Senior staff sign-off (if required): Checked by: Completed by: _ E
Last edited: 21/02/2023 ® RiRe -pool spacing = 22.1
Ne - -1 1Y \ 3 o P
© R 2 VI D el §7 0,55 e Lor £
oo\ dz 0.5 derudt T 014
unsd @it - O o i N
8 ?(“\‘K‘)\G L' l2‘30m @ " \/\)o’\k"&wﬁ‘ "k& ’ﬂD b?)




GEO

General Site Characteristics Project Number: )20\1 SRR
Date: 29223 (-3 Stream: Tedo. o west Hombes ruer
Time: Reach: Reach 8a
Weather: Swnmay \KC Location: 220! Qixe Lodd
Field Staff: St ,K\/ Watershed/Subwatershed: Wesk W s Rive
Features Monitoring Site Sketch V s b _.-—(7:\; o O-go Compass
[::( Reach break -0-0-0~ Long-profile ‘ {@61._.5
R station location I—1 Monumented XS ) C
¥—X Cross-section @ Monumented photo
—* Flow direction l Monumented photo
AP Riffle direction
> Pool W sediment sampling
G  Sediment bar OIIO Erosion pins RFo-13,6©
Y Eroded bank/slope 8 Scour chains .F‘ .
s W= T Tm
_____ Undercut bank Additional Symbols Sl 1‘7
RXXXIR Bank stabilization
=% Leaning tree wd 2 0.56
*x--¥%-X  Fence BFd =D C[3
L1 Culvert/outfall
Swamp/wetland
YVVY Grasses
€3 Tree
@ Instream log/tree
X ¥ ¥ Woody debris
oM  Beaver dam
a» Vegetated island
Flow Type
H1  Standing water H1A Back water f)'Fv\ﬁ 5,60~
H2  Scarcely perceptible flow gw‘— 4,490 m
H3  Smooth surface flow ANWz 1S,(0 a|T = csued
H4  Upwelling WPz ~3.0~
_H5  Rippled wed = 0,80 m
~H6 ~ Unbroken standing wave wd: 0.30Om
I-\i7 ‘Broken standing wave V= 0. ;5,,\5
H8: Chute
H9  Free fall H9A Dissipates below free fall
Substrate
S1  Siit S6  Small boulder qu Jre
$2 Sand S7  Large boulder Ares
S$3  Gravel S8 Bimodal
sS4 Small cobble s9 Bedrock/till
$5 Large cobble | s Qov 1 | V. =
Other \ v Q*y? RS | " :
BM Benchmark EP Erosion pin (@7 e
BS Backsight RB Rebar -~ b o
Ds Downstream us Upstream '\(; Q O O f 5L\/§ e =126 =
WDJ  Woody debris jam TR Terrace | & '.3" I see e}o\—M ) ]
VWC Valley wall contact FC Flood chute L i @oﬂ ) d sb dmmost WHpY | ‘J
BOS  Bottom of slope FpP Flood plain F"hotos:‘ ' Ty
TOS Top of slope KP Knick point Notes:
Q _%g\o ' \nprm e? ?g)& w &1‘3 'HM ‘Qs i to e .,d u:"-'u"" .z--“u T30 [-X “_ = & «/‘jf \
T ins¥eann  weelt g asSrs Y arfoaredt T O\\:‘)qb = :oa'\’e& crres 2“!'?‘ 441‘%&&&____
A\

LIPS low flow bd\r\o{};,,_).)l "k')_j MQ-ﬁJU} A~ 9 e
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GEO

General Site Characteristics Project Number: 13912 HORERIRT
Date: 2022- Db -\ Stream: 'T(;\Q o st Yomber Tid
Time: Reach: Reach 8a
Weather: f,w._rw\ \2 (e Location; \7-86! L e oo o
Field Staff: g - AV Watershed/Subwatershed: ‘V\"@b“' H el Bi-ef
Features Monitoring Site Sketch Compass
[:1 Reach break -0-0-0~ Long-profile

R Station location l——1 Monumented XS
¥—X Cross-section @ Monumented photo
> Flow direction ¢ Monumented photo
A Riffle direction
> Ppool W sediment sampiing
&  Sediment bar IO Erosion pins
it Eroded bank/slope 8 Scour chains

----- Undercut bank Additional Symbols
EXXXXA Bank stabilization
=2» Leaning tree
*x-%-X  Fence
Culvert/outfall

L1
Swamp/wetland
YVYVY Grasses

€3 Tree

@ Instream log/tree
X X ¥ Woody debris
%%  Beaver dam
<A 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 , l\
§2 Sand S§7  Large boulder J 3";: R | %
S3  Gravel S8  Bimodal i i I rpo fQ S
S4  Small cobble S9  Bedrockytill W ' ‘{ S1,52 ‘\ / 24
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 siope KP Knick point Notes:
i L ‘oc-ﬂ‘\_ \'\4& aaleds - b’\ﬁk. ':.VM:}-"F‘-g. '\1‘1& . & ban_

*

* Cohoff  cvenned hed  row ccmil

.
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GEO

MORPHIX

General Site Characteristics Project Number: 2302
Date: 1022-00 -13 Stream: Tob oQ W, Hemp (v
Time: Reach: ~ Reach 8a
Weather: Sw,.", @ B Location: V2 R\ Lixie Roa t)
Field Staff: SH Ay w ed West Hommibel™ iy
/
Features Monitoring sltegﬁn\/c} ,(, ,CO-K— cb ! wpas%
[=—=4 Reach break -0~0-0- Long-profile 1 ( Qg(\»\
R station location t——1 Monumented XS ’ & Nor
*—X Cross-section @ Monumented photo ¢ w\"“"”
> Flow direction l Monumented photo
A Riffle direction
> pool W sediment sampling
T  Sediment bar Erosion pins {
i Eroded bank/slope 8 Scour chains "r
----- Undercut bank Additional Symbols :J')gi.
EXXX®Y Bank stabilization ent
=» Leaning tree electric
%% Fence ,J*‘-‘ ~ ¢ - —x~ / R
L1 Culvert/outfall
Swamp/wetland \%M?‘:_ Hva<€$ 20
VVY Grasses )(SZ wwa L i
€3 Tree . Sg'qs"‘
= [Instream log/tree ; O‘. 53”:
XX ¥  Woody debris V- 045
PN  Beaver dam Ve dbere
&Y Vegetated island \;).Mﬁ’ "’\“j / b
Flow Type iy ;( =1 3 >
H1  Standing water H1A Back water V: O8mis
H2  Scarcely perceptible flow b;d = O g
H3  Smooth surface flow N - % ,88
H4  Upwelling VWi < lS,SO
H5  Rippled Wwse .29
H6  Unbroken standing wave wd: 058
H7  Broken standing wave 8 0,30~~~
H8 Chute z
H9  Free fall H9A Dissipates below free fall ot icd Sand B
Substrate e W gene a‘*l ¥
s1  silt $6  Small boulder ondescok 005 sl shble.
$2 Sand S$7  Large boulder Yex ew& ecte
S3  Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till l
S5 Large cobble [:
Other ﬁ
BM Benchmark EP Erosion pin =
BS  Backsight RB  Rebar N
DS Downstream us Upstream \ SO"‘:; ! -
WDJ  Woody debrisjam TR Terrace 1 B 8T
VWC Valley wall contact  FC Flood chute ;”‘noa\", "“} N s
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point .. Notes: H' 5 C«n (e
lns}f‘tm re \ c.‘cm, (g * Sone 'aru, Cabble Vn boning (pld»\
G ~ \e oq ipe «r"‘l AN Y ) thc)f\ oNO e, er'\wu!l Pron TwHR
péﬁ« \o.ﬂk,s slv~\9‘ ~ /4.,,, into bA sﬂrlsw- burie ghwp in
Version #4 Semor sta‘f‘F?lgn gﬁ;hf required); Checked by: Completed by: ___Qﬂ___
Last edited: 21/02/2023
¢ M ows  Ym c,ham»w)\ * 5 bstredet mom, Sond + sift Pagei_ofi
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Rapid Geomorphic Assessment

Project Number: Z30!7Z

GEO

MQRPHIX"

Date:

Z0Z5-0lp—{3

Stream:

Trib of WNes-

t WY bl e )

Time:

Reach:

Reach 8a

Weather:

AN o

Location:

3 N > 4

Field Staff:

SH by Watershed/Subwatershed: Ne s {ltarmbyer £,

2 GL 16
1Z2%6 L2 Xig =

Process

Geomorphological Indicator

Present? Factor

No.

Description

Yes No Value

Evidence of
Aggradation
(AD)

Lobate bar

e

Coarse materials in riffles embedded

Siltation in pools

v
v

Medial bars

W

Accretion on point bars

o
e

Poor longitudinal sorting of bed materials

NI lWIN|(-

Deposition in the overbank zone

“
b
N

Sum of indices =

Evidence of
Degradation
(DI)

Exposed bridge footing(s)

Exposed sanitary / storm sewer / pipeline / etc.

Elevated storm sewer outfall(s)

Undermined gabion baskets / concrete aprons / etc. : 3

Scour pools downstream of culverts / storm sewer outlets A

Cut face on bar forms

Head cutting due to knickpoint migration

Terrace cut through older bar material

OO INIOdD|n|hWINT~

Suspended armour layer visible in bank

—
o

Channel worn into undisturbed overburden / bedrock v

Sum of indices =

Evidence of
Widening
(WD)

Fallen / leaning trees / fence posts / etc.

Occurrence of large organic debris

Exposed tree roots

Basal scour on inside meander bends

Basal scour on both sides of channel through riffle

Outflanked gabion baskets / concrete walls / etc.

Length of basal scour >50% through subject reach

Exposed length of previously buried pipe / cable / etc.

IO IN|O|UBR[W[N |-

Fracture lines along top of bank

—
(w]

Exposed building foundation

Sum of indices = ) ) Q.l2¢

Evidence of
Planimetric
Form
Adjustment
(PI)

Formation of chute(s)

Single thread channel to multiple channel

Evolution of pool-riffle form to low bed relief form

Cut-off channel(s)

Formation of island(s)

Thalweg alignment out of phase with meander form

NI | A [ WIN |-

Bar forms poorly formed / reworked / removed

Sum of indices = ] ¢ 14

Notes:

Stability Index (SI) = (AI+DI+WI+PI)/4 =] (. | 74

In Regime In Transition/Stress |In Adjustment

& 0.00-0.20 O 0.21-0.40 O o0.41

Version #3
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'~ GEO

M ORPHI X"

Y MG

. — - < J= o X~ i » H, O 7
Date: | 7 O735 - D IS PN: 22017 j Location: 7)?‘ ) & P ‘,,I'
Category Poor Fair / Good Excellent
» Wetted perimeter < 40% |+ Wetted perimeter 40- Wetted perimeter 61-85% I. wetted perimeter > 85% of |
of bottom channel width 60% of bottom channel of bottom channel width ¢t bottom channel width (>
(< 45% for large width (45-65% for large 1 (66-90% for large | 90% for large mainstem
mainstem areas) mainstem areas) mainstem areas) areas)
« Dominated by one habitat |« Few poolspresent, riffles |« Good mix between riffles, « Riffles, runs and pool
type (usually runs) and and runs dominant. runs and pool 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 I fast, shallow and deep
mainstem areas, few mainstemiareas, runs water)
riffles present, runs and and pools‘pominant,
pools dominant, velocity velocity and depth
and depth diversity low) diversity iLgrmediate) O ey | £
«» 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 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 &
« Large pools generally < . Large pools generally 30- | . Large pools generally 46-61 | » Large pools generally > 61
30 cm deep (< 61 cm for 46 cm deg¢p (61-91 cm cm deep (91-122 cm for cm deep (> 122 cm for
large mainstem areas) for large ainstem L large r_nains?m areas) with large mainstem areas) with
and devoid of overhead ~ |/"areas) with little or ‘some overhead good overhead
cover/structure | overhead cover/structuref| cover/structure 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 increase in point bar formation/enlargement
formation/enlargement point bar formation/enlargement
formation/enlargement
. Riffle/Pool ratio 0.49:1 ; |l. Riffle/Pool ratio 1| 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 afternpon water |« Summer afternoon water « Summer afternoon water
temperature > 27°C temperature 24-27°C temperatfire 20-24°C temperature < 20°C
Point range O3 0O 4 B 5 Oe6 O 7 0O 8

oo 010 2

Water Quality

G

= Substrate fouling level:

High (> 50%)

J

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

« Substrate fouling level:
Very 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

Clear flow
TDS: < 50 mg/L

1

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 o
> 1.0m below surface

Moderate to strong
organic odour

« Slight to moderate
organic odour

'+ Slight organic odour

N'o- oao ur

Point range Oo0o 01 0 2 O3 O 4 BN5 O 6 O 7 0O 8
« 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 banks
Riparian gaps
Habitat = T 5
Conditions « Canopy coverage: » Canopy co}/erage: 50- - Canopy coverage: « Canopy coverage:
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% >80% shading (> 60% for
large maindtem areas) for large mainstem for large mainstem areas) large mainstem areas)
areas)
Point range Doﬁl 02 0O 3 O 4 OS5 Ooe6 O 7
Total overall score (0-42) = 5 Poor (<13) Fair (13-24) Good (25-34) Excellent (>35)
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Reach Characteristics

Project Number: 23212

GEO

MORPHIX™

Date: 2027~ 6 -13 Field Staff: SH AV Watershed/Subwatershed: | \\Jcs*  phonbgs ¢ icer
Time: Stream: N o€ wesd M ioes .o UTM (Upstream):
Weather: Su~na \8'C Reach: Reach 8a UTM (Downstream):
-
Land Use Z Valley Type L Channel Type -7 Channel Zone 2— Flow Type Z. [l Evidefce of Groundwater Location: Photo:
(Table 1) (Table 2) (Table 3) (Table 4) (Table 5)
LRiparian VYegetation | uquatic & Instream Vegetation —, l Water Quality
Dominant Type 3 Coverage Channel Widths Age (yrs) Type l /6 Woody Debris WD Density Odour Turbidity
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