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1 Introduction

GEO Morphix Ltd. (GEO Morphix) was retained to complete the fluvial geomorphology assessment
supporting the Local Subwatershed Study (LSS) for the Mount Hope West Secondary Plan Area. The
Secondary Plan Area, hereafter referred to as the subject lands, is generally bounded by Columbia Way
to the south, Mount Hope Road to the east, and agricultural lands to the west and north (Appendix A).
A tributary of Cold Creek flows generally in a northeast to southwest orientation through the central
portion of the subject lands. The eastern portion of the site drains eastward towards Mount Hope Road
and a separate tributary of Cold Creek offsite.

This report serves as a supporting document to the Local Subwatershed Study (LSS). The LSS guides
land use planning by confirming and/or refining the extent and management of the natural heritage
system. This, in turn, directs development within the subject lands. The LSS and the fluvial
geomorphology assessment are built upon the Scoped Subwatershed Study (SSWS) (Wood, 2022)
conducted by the Region of Peel as part of the Settlement Area Boundary Expansion (SABE).

The fluvial geomorphology assessment is a comprehensive study that includes watercourse
characterization and delineation of erosion hazards. This information is crucial to identifying the
opportunities and constraints to development. The report also summarizes erosion mitigation targets to
address stormwater management requirements and documents the conceptual natural corridor design
for the proposed realignment of a section of the central Cold Creek tributary north of Columbia Way.
The assessment, as summarized in this report, is in full accordance with the Terms of Reference prepared
by the Consultant Team.

Specifically, the following activities were completed by GEO Morphix as part of the fluvial geomorphology
assessment:

e Review of available background reports and mapping (i.e., watershed/subwatershed studies,
geology, topography, conceptual development plans)

e Refine watercourse reaches previously delineated in the SSWS based on a desktop assessment
of available data and confirmed through field reconnaissance

e Review recent and historical aerial photographs to understand historical changes in channel
form and function, land use and land cover

e Conduct event-based baseline surface water quality sampling between the months of April and
November along the Cold Creek tributary east of Mount Hope Road

e Conduct reach-level rapid geomorphological field assessments following standard protocols
(e.g., RGA, RSAT) to evaluate instream and riparian conditions

e Complete detailed geomorphological field surveys to support the overall erosion mitigation plan
for stormwater management and the conceptual natural corridor design

e Review/confirm the erosion hazard delineated by others in support of defining, in part, the limit
of development

e Provide support in the development of an erosion mitigation approach for the future stormwater
management plan

e Prepare conceptual natural corridor design plans for the proposed channel realignment
(planform, cross-sections, floodplain features, and bioengineering details)

2 Background Review

The subject lands are located in the Humber River watershed and are comprised primarily of agricultural
lands, an adjacent woodlot, and a residential dwelling along Mount Hope Road. Headwaters of the overall
watershed originate in the Niagara Escarpment and Oak Ridges Moraine and drain to Lake Ontario
(TRCA, 2023). Urban land use represented 26.7% of the watershed as of 2020, and 32.7% comprised
natural cover. Largely due to urbanization, there are challenges related to lack of natural (riparian)
cover, flooding, erosion, and water quality. These impacts are generally most prevalent in the middle
and lower watershed (TRCA, 2023) downstream of the subject lands.

Project No. 25026 geomorphix.com 1
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2.1 Settlement Area Boundary Expansion Scoped Subwatershed Study
(Wood, 2022)

The SSWS (Wood, 2022) is one of a series of technical studies completed to provide input to the larger
Settlement Area Boundary Expansion (SABE) Study to develop a Regional Official Plan Amendment
(ROPA) to accommodate growth to 2051. The SSWS was completed in three phases, Parts A to C. The
eastern extent of the main SWSS Focus Study Area (FSA) included the subject lands. Part A provided
an initial characterization of existing conditions and was primarily based on a desktop review of available
information. Part B included more detailed studies and an overview of anticipated impacts due to future
development while also providing general guidance for management opportunities and future study
requirements at subsequent planning stages. Part C, the Implementation Plan, provided an overview of
the recommendations and guidance for management, monitoring programs, and general requirements
for future planning stages and design.

Concerning fluvial geomorphology, the SSWS identified surface water feature types and extents,
characterized general form and function, delineated preliminary erosion hazards, assessed erosion
sensitivity for features that may be impacted by development, and provided recommendations and
approaches for mitigation. Reaches were delineated for watercourses based on a desktop assessment
and a windshield survey, whereby channels were reviewed in the field from road crossings to confirm
general conditions. Due to the extensive study area and limited fieldwork, the reaches were to be refined
during future planning stages.

Preliminary meander belt widths were delineated for unconfined reaches by drawing parallel lines
tangential to the outside bends of laterally extreme meanders. A 20% safety factor was then applied in
place of calculated 100-year migration rates. The erosion hazard for confined reaches was delineated
based on Table 3 in the Ministry of Natural Resources (MNR) (2002) guideline and a review of the
Mayfield West Phase 2 Comprehensive Environmental Implementation Plan (CEISMP) (AMEC, 2014).
Where the channel was within 15 m of the valley toe, toe erosion allowances of 2 m (no active erosion)
and 8 m (evidence of active erosion) were delineated for all confined reaches. A stable slope allowance
and erosion access allowance were then applied, consistent with MNR (2002) guidelines and
Conservation Authority requirements. The erosion hazard limits are further refined as part of the current
LSS based on site specific field observations and a review of topographic mapping and aerial imagery.

A desktop erosion sensitivity assessment was largely completed by air photo interpretation and
windshield assessments. Erosion mitigation assessments completed for the subject lands were also
summarized. Preliminary assessments indicated a potential erosion site where Tributary F exits the
eastern extent of subject lands. Stream power mapping was prepared to identify sensitive reaches within
and downstream of the FSA that were to be prioritized for future field assessment and monitoring to
evaluate potential impacts to instream erosion due to future development. Preliminary watercourse
constraint rankings were also developed based on the desktop assessment and windshield surveys and
were subject to refinement as part of this LSS.

The Part C report provided a series of management considerations for fluvial geomorphology.
Considerations included identifying erosion hazards to minimize or eliminate risk to public and private
property, maintenance of natural cover along stream corridors, and maintenance of natural channel
structure, rates of adjustment, and channel length. Concerning stormwater management, maintenance
of critical flow exceedance from pre- to post-development for erosion-sensitive reaches and
maintenance of pre-development runoff volumes were recommended.

2.2 Fluvial Geomorphology Assessment (GEI, 2025)

GEI Consultants Ltd (GEI) (2025) previously completed a fluvial geomorphology study, which included
a review of site history, an assessment of existing conditions within and downstream of the subject
lands, and meander belt width delineation for the tributary of Cold Creek that flows through the central
portion of the subject lands. GEI (2025) generally adopted the reach naming convention and extents
delineated in the SSWS (Wood, 2022). These have been revised as part of the current study based on
channel conditions and to be consistent with ongoing studies on lands to the west. For a detailed
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description of existing conditions based on field observations collected by GEO Morphix, refer to
Sections 4.2 and 4.3 of this Report.

Meander belt widths were delineated by GEI (2025) for the central tributary as the channel was assessed
to be unconfined (i.e., no defined valley). Meander belt widths were first delineated using meander
amplitudes measured from historical and recent aerial imagery, and were 18 m for the lower portion of
the tributary in the agricultural field and 33 m for the portion of tributary extending north into the
woodlot. These values were compared to meander belt widths calculated using a suite of empirical
equations. The empirical equations were only applied to the upstream reach extending through the
woodlot as the lower reach was ploughed at the time of GEI's field work and therefore bankfull channel
dimensions could not be measured. Modelled meander belt widths for the upper reach ranged from 21
to 26 m. The final meander belt widths were 33 m for the upper reach and 18 m for the lower reach
based on meander amplitude measurements (GEI, 2025). These values are reviewed in the context of
refined reach extents and field observations collected by GEO Morphix in 2025.

3 Desktop Assessment

3.1 Physiography and Surficial Geology

Channel morphodynamics are governed by the flow regime and the availability and type of sediments
(i.e., surficial geology) within the stream corridor. 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. Understanding local surficial geology is important for determining
appropriate erosion thresholds, as the stability of the channel banks and bed is dependent on the
composition of soils, sediment, and underlying parent materials (MNR, 2002).

The subject lands are located within the drumlinized till plains physiographic landform and the South
Slope physiographic region. This region, which extends from the Niagara Escarpment to the Trent River
and makes up the southern slope of the Oak Ridges Moraine, is characterized by smoothed, faint
drumlins and valleys that carry river systems such as the Don and Humber Rivers (Chapman and
Putnam, 1984). Surficial geology mapping indicates the deposits within the subject lands are of
glaciolacustrine origin and comprised of primarily clay to silt-textured till (OGS, 2010).

Soil Engineers Ltd (SEL, 2025) completed a geotechnical investigation in support of the proposed
development, which indicated strata of silty clay till (made up of clay to gravel) and silty clay (comprised
of some sand, occasional fine gravel) deposits with layers of silt, sandy silt, sand and silty sand
interstratified between layers. The majority of subsurface materials consisted of silty clay till and silty
clay, as indicated by the borehole logs. These findings are generally consistent with published mapping
and field observations collected by GEO Morphix.

3.2 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 and potentially how past
changes may affect channel planform in the future. Aerial photographs from 1951 (1:40,000), 1960
(1:25,000), 1995 (1:20,000), 1999 (1:20,000), as well as recent satellite imagery from Google Earth
Pro, were reviewed to understand site history. Copies of this imagery are provided in Appendix B for
reference.

3.2.1 Tributary E

The eastern segment of Tributary E was altered frequently during the period of available record. The
earliest discernable images of this tributary are from 1951, though the image is low resolution. At this
time, the Town of Bolton had not developed north beyond King Street East and Columbia Way was in a
different configuration, curving to the north instead of south. The central tributary was straightened for
agriculture and flowed in a northeast to southwest direction from a pond, through a forest, agricultural
land with little to no natural riparian vegetation, and joined the western segment of Tributary E. The
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conjoined channel continued to flow in a southerly direction towards Columbia Way. There were at least
2 small ponds in the woodlot at the time the photo was taken. In 1960, the pond to the north of the
woodlot appeared to increase in size. Downstream of the woodlot, the stream appeared to flow through
a shallow valley. Additionally, what appeared to be a small wetland had formed downstream of the
confluence with the western segment of Tributary E.

In 1995, it appeared that a farm crossing was in use over the tributary just downstream of the woodlot,
and further downstream past the confluence with the western segment of Tributary E, vegetation
consistent with a wetland was visible. The valley originally seen in 1960 was not readily visible.
Additionally, Columbia Way had been adjusted to its current alignment, where the tributaries were
crossing through the culvert at their meeting point, as opposed to downstream of the confluence. In
1999, a channel to the tributary from a straightened artificial drainage feature was visible just
downstream of the woodlot. At the north end of the woodlot, the main channel of the tributary had two
branches, one which was directed northwest towards the pond which appeared to be dry, and the other
which was directed northeast and likely was fed by low order drainage features. The main tributary
appeared to have been artificially straightened and deepened through the woodlot, and a wetland was
visible at the upstream entrance to the woodlot. An additional tributary to the eastern segment of
Tributary E appeared to be flowing from a wetland at a southeast to northeast curve in the stream.

In 2001, many of the trees were down in the woodlot and had been anthropogenically moved, the
tributary that appeared in 1999 within the woodlot at the southeast to northeast curve was not visible.
The farm crossing moved south of the tributary downstream of the woodlot that was present in 1999.
The downstream extent of the main tributary began to lose definition, which continued to present day.
By 2003, the farm at Columbia Way began to scale down and no longer appeared to be active. The pond
at the upstream extent of the tributary had grown to its present-day extent. Some of the land around
it had been reclaimed for agricultural use, and the additional tributary downstream of the woodlot gained
definition. The additional tributary downstream of the woodlot generally maintained definition until 2023,
when it was converted to agricultural lands.

Between 2013 and 2023, the area that was originally part of the farm and then converted to agricultural
land was permitted to naturalize. The area of the woodlot that had been altered had also been permitted
to naturalize. Water appeared to be pooling at the north end of the woodlot from 2019, and became
extensive in 2024. In 2023, after the downstream extent of the tributary had been converted to
agriculture, the channel lost definition, pooled in multiple locations, and had multiple flow path in some
locations. As of 2024, the downstream extent had no defined features beyond some minor definition
immediately downstream of the woodlot.

3.2.2 Tributary F

Lands adjacent to Tributary F were actively cultivated by 1960. Flows to this tributary appeared to
originate from a relatively small pond and agricultural fields on the west side of Mount Hope Road. Two
minor, linear drainage features were visible on the south side of the tributary and may have been
constructed or modified to facilitate agriculture. The tributary contained a sinuous channel planform and
was faintly visible within the narrow treed corridor. A single rural residence or outbuilding was present
on the tablelands south of the tributary.

In 1995, the predominant land use remained agriculture; however, the residence/outbuilding was
demolished and the channel planform along the tributary was entirely obscured by woody vegetation.
The minor drainage features that were apparent on the south side of the tributary in the 1960 image
were faintly visible in the 1999 image. There was limited change in land use between 1999 and 2022.
The tributary planform has remained obscured in aerial imagery by vegetation since 1995.

4 Watercourse Characteristics

4.1 Reach Delineation

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

Channel planform

Channel gradient

Physiography

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

Soil type and surficial geology
Historical channel modifications

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.

Reaches within the subject lands were previously delineated at a high-level as part of the SWS (Wood,
2022) and subsequently reviewed in the field by GEI (2025). Based on site-specific detailed field work
and to be consistent with ongoing studies west of the subject lands, the watercourse reach naming
convention has been revised as part of the current study. The main tributary on the subject lands was
divided up into three reaches. Reach TCC(1)-2 was renamed THRE-1-1 and Reach TCC(1)-1 was
subdivided and renamed to THRE-1-2 and THRE-1-3. Revised watercourse reach delineation and the
locations and extents of HDFs delineated by GEI (2025) are graphically presented in Appendix A.

4.2 Reach Observations

Field investigations were completed on February 27, March 14 and March 26, 2025, and included the
following observations on a reach basis:

Descriptions of riparian conditions

Estimates of bankfull channel dimensions

Determination of bed and bank material composition and structure

Confirmation of valley form (i.e., unconfined, partially confined, confined)

Observations of erosion, scour, or deposition

Collection of photographs to document watercourses, riparian areas, adjacent land use, and
channel disturbances such as crossing structures

These observations and measurements are summarized in Table 1. Field descriptions are supplemented
and supported with representative photographs included in Appendix C. Field sheets, including those
completed for reach characterization and rapid assessments, are provided in Appendix D.

Table 1: General reach characteristics

| | e Bank  Valley Dominant
Riparian
SR LA Width Depth Substrate Materials Type C pd't'
(m) (m) ondaitions
Poorly defined
feature with the
exception of the
Narrow riparian downstream
THRE-1-1 i
1.1 0.19 Clay, silt Clay_ and Unconfined buffer of grasses extent vyhere_a
and sand silt and herbaceous small knickpoint
plants (0.8 m) and
shallow scour pool
(0.13 m) had
formed
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Avg. Avg. Domi t
Bankfull Bankfull  Bed Bank valley R‘:;::';';

St LR Width Depth Substrate Materials Type

(m) (m) Conditions

Channel was

Moderate riparian inundated at the

THRE-1-2 3.66* 0.42%* Clay and silt Unconfined | buffer of grasses

time of
and mature trees
assessment
Poorly defined
Narrow riparian feature that
buffer of grasses gained definition
THRE-1-3 1.58 0.2 Clay and silt Unconfined and at the
immature/mature downstream
trees extent, flanked by
agricultural fields
Heavily
Clay/ silt to boulders Wide continuous entrenched with
THRF-1 3.07* 0.28* and parent material Confined riparian buffer of high banks,
mature trees evidence of

erosion, terraces

Highly eroded
with many
treefalls, multiple
relatively small
knickpoints

Wide continuous

riparian buffer of

mature trees and
shrubs

Clay/silt, Clay/silt

gravel to gravel Confined

THRF-2 2.26* 0.34*

*Channel dimensions based on detailed geomorphological assessments

THRE-1-1 was the furthest downstream reach of Tributary E on the subject lands. The majority of the
reach was artificially straightened and cultivated, resulting in poor definition. Additionally, there was
little to no riparian vegetation along the reach. The downstream extent of the reach had a knickpoint of
0.8 m, after which point the channel became better defined until it reached the confluence with THRE-
1. Bed and bank substrates were composed of clay/silt. The average bankfull width and depth were 1.1
m and 0.19 m, respectively.

THRE-1-2 flowed along the margin and within a woodlot. Riparian vegetation was composed of grasses
and trees. The channel widened upstream, though the forest was inundated with water at the time of
the assessment. Historical air photos indicated that the current channel form could be due, at least in
part, to historical modifications (dug ponds and tree clearing). Bed and bank substrates were composed
of clay and silt and moderately sorted. A detailed assessment on the downstream extent of THRE-1-2
indicated that the average bankfull width and depth were 3.66 and 0.42, respectively.

THRE-1-3 transitioned from forest to agricultural land uses. The downstream extent of the reach had
a narrow riparian corridor with mature trees that encroached the channel that then transitioned to
grasses. Riffle and pool morphology was absent and channel substrates were comprised of clay and silt.
Bankfull width was approximately 1.58 m and bankfull depth was approximately 0.2 m.

THRF-1 was a forested reach in a confined valley system. The reach exhibited sinuous meanders, had
a moderate gradient and a high degree of entrenchment, with banks approximately 2 m in height.
Erosion was observed along the length of the reach and the channel was trapezoidal in shape. Riparian
vegetation primarily consisted of large, mature trees. Woody debris and treefalls were prevalent and
undercuts of up to 0.64 m were measured. Bed and bank substrates ranged from clay/silt to boulders
and exposed till. The reach contained predominantly riffles and channel substrates were poorly sorted.
Based on detailed channel cross-section surveys, average bankfull channel width was 3.07 m and
average bankfull channel depth was 0.28 m.

THRF-2 was located along Tributary F immediately east of Mount Hope Road. The reach contained a
single meandering channel within a confined valley. It was moderately entrenched and had a moderate
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gradient. At the time of assessment, flow was absent and only pools of standing water were noted. The
riparian vegetation consisted of mature trees and some shrubs. Ongoing bank erosion was noted, and
undercutting was common throughout the reach. Two knickpoints were observed, indicative of channel
adjustment (i.e. degradation). Fallen and leaning trees were present, along with accreting point bars.
Bank substrates consisted of clay, silt and gravel, and where riffles were present, they also contained
cobbles.

4.3 Rapid Assessments

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 (MOE) (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.

The reaches were also classified according to a modified Downs (1995) Channel Evolution Model, which
describes successional stages of a channel as a result of a perturbation, namely hydromodification.
Understanding the current stage of the system is beneficial as this allows one to predict how the channel
will continue to evolve, or respond to an alteration to the system.

Although the RGA and RSAT tools are intended to be generally used on natural systems with defined
channels, which were not present outside of the woodlot on the subject lands, results are reported below
as they still provide an assessment of channel stability and overall stream health. A summary of the
reach classifications and rapid assessment scores is provided in Table 2.

Table 2: Summary of rapid assessment results

RGA (MOE, 2003) RSAT (Galli, 1996)
Dominant Downs
Score Condition | Systematic |Score Condition Ll (1995)
, Feature(s)
Adjustment
Planimetric S .
THRE-1-1| 0.20 In regime form 18 Fair Rlpgg:]adr:tli'loanbsltat S
adjustment
Aggradation Channel
THRE-1-2 | 0.28 |In transition ggra ) 26 Good scouring/sediment m
and widening g
deposition
. . . . Riparian habitat
THRE-1-3 | 0.13 In regime Aggradation 23 Fair conditions m
THRF-1 0.68 . In Widening 24 Fair Channel stability e
adjustment
THRF-2 0.33 |In transition Widening 20 Fair Channel stability e

Reach THRE-1-1 was assigned an RGA score of 0.2, indicating the reach was in regime. The dominant
systematic adjustment was evidence of planimetric form adjustment as indicated by single thread to
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multi thread channel and the poor formation and reworking of bar forms. The RSAT resulted in a score
of 18, indicating it was in fair condition. The limiting factor was riparian habitat conditions due to the
lack of canopy cover over the channel. The Downs (1995) classification indicates that this reach was
stable (s).

Reach THRE-1-2 was assigned an RGA score of 0.28, indicating the reach was in transition/stress. The
dominant process of systematic adjustment was evidence of aggradation and evidence of widening due
to falling/leaning trees and exposed tree roots. The RSAT resulted in a score of 26, indicating it was in
good condition. The categories scored similarly, but the most limiting factors were riparian habitat
conditions due to lack of consistent riparian cover and channel scouring/sediment deposition due to
sandy pools and embedded riffles. The Downs (1995) classification indicated that this reach was laterally
migrating (m).

Reach THRE-1-3 was assigned an RGA score of 0.13, indicating the reach was in regime. The dominant
process of systematic adjustment was evidence of aggradation due to deposition in pools and sediment
deposits on the overbank. The RSAT resulted in a score of 23, indicating it was in fair condition. The
limiting factor was riparian habitat conditions due to poor canopy cover and lack of woody vegetation.
The Downs (1995) classification indicated that this reach was laterally migrating (m).

Reach THRF-1 was assigned an RGA score of 0.68, indicating the reach was in adjustment. The
dominant process of systematic adjustment was evidence of widening due to a variety of factors
including fallen/leaning trees, exposed tree roots, extensive basal scouring, and fracture lines/basal
scouring along the banks. The RSAT resulted in a score of 24, indicating the reach was in fair condition.
The limiting factor was channel stability due to low stability of the bank network, erodibility of bottom
1/3 of bank, and trapezoidal cross-section. The Downs (1995) classification indicated that this reach
was enlarging (e).

In general, the rapid assessments completed by GEI (2025) were comparable with the GEO Morphix
assessment for Reach THRE-1-2. GEI (2025) did not observe a channel along Reach THRE-1-1 as it
was ploughed through at the time, whereas the feature was apparent during field work conducted by
GEO Morphix in 2025.

4.4 Detailed Geomorphological Assessments

Obtaining detailed geomorphological measurements and observations allows for a more complete
characterization of channel geometry, flow and sediment characteristics. Instream surveys are typically
used to support natural corridor designs and erosion threshold calculations. A detailed geomorphological
assessment was completed along Reach THRE-1-2 on March 14. 2025 in support of the proposed
natural corridor design as it represented a more natural channel segment when compared to THRE-1-
1 within the agricultural field. An additional detailed assessment was completed along Reach THRF-1
on April 14, 2025, as this reach was determined to be the most sensitive to erosion downstream of the
proposed SWM pond that will outlet to the tributary east of Mount Hope Road.

The survey at each location included the following measurements:

e Longitudinal survey of the channel centre line

e Detailed surveys of eight to ten detailed cross-sections

e Instream measurements of bankfull channel geometry, riparian conditions, bank material, bank
height/angle, and bank root density at each surveyed cross-section

e Bed material sampling at each cross-section following a modified Wolman (1954) pebble count
or substrate sample, as appropriate

The results of the detailed assessments are presented in Table 3. A full summary of each detailed
assessment is provided in Appendix E.
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Table 3: Measured and calculated bankfull channel parameters

ch | v Reach

SNNEL Parameter THRE-1-2 THRF-1 THRF-2
Measured
,E-\n\gtirage bankfull channel width 3.66 3.07 .26
,E-\n\f]tirage bankfull channel depth 0.42 0.28 0.34
Bankfull channel gradient (%) 0.37 3.06 5.79
Dso (mm)* <2 19.1 <2.0
Dg4 (Mm)* <2 58.9 46.0
Manning’s n roughness
coefficient 0.035 0.050 0.050
Computed
Bankfull discharge (m3/s) @ 1.51 1.29 1.77
Average bankfull velocity (m/s) 0.97 1.50 2.33
Unit stream power at bankfull
discharge (W/m?) 15 126 446
Critical shear stress (N/m2) b - 13.92 -—--
Flow competency for Dso (m/s) ¢ -—-- 0.77 -—--
Flow competency for Dgs4 (mM/s) © -—-- 1.29 1.15

@ Based on Manning’s equation
b Based on Shields diagram from Miller et al. (1997)
¢ Based on Komar (1987)

5 Baseline Surface Water Quality Sampling

In addition to the baseline surface water monitoring being conducted within the subject lands by Soil
Engineers Ltd, GEO Morphix has undertaken baseline surface water quality monitoring along the
tributary east of Mount Hope Road downstream of proposed stormwater outlets. Baseline monitoring is
being conducted between the months of April and November at one (1) location along Reach THRF-1.
In total, six (6) sampling events will occur on an annual basis. Each season (spring, summer, fall), one
(1) wet/rain event (i.e., 210 mm of rain in 24 hours) and one (1) dry event (i.e., 48 hours with no
precipitation) will be sampled. Note, during wet weather events, two (2) separate grab samples are
collected during the rising and falling limbs of the hydrograph. This approach is consistent with baseline
surface water monitoring being completed by GEO Morphix on lands to the west for the current study
area.

The grab samples for each wet weather and dry weather event are being analyzed for the following
parameters:

Ammonia

Anions (Nitrate, Nitrite, Phosphate, Chloride)
BODS5 (Biochemical Oxygen Demand)
Conductivity

Dissolved Oxygen

Metals (Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, P, K, Se, Si, Ag,
Na, Sr, Tl, Sn, Ti, W, U, V, Zn, Zr)

PAH (Polycyclic Aromatic Hydrocarbons)

pH

Alkalinity

Total Kjeldahl Nitrogen (TKN)
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e Total Phosphorous
e Total Suspended Solids (TSS)
e Turbidity

The spring wet weather sampling event was completed on May 22 (rising limb of hydrograph) and 23
(falling limb of hydrograph), 2025 during a 28 mm precipitation event. Laboratory results are not
available at the time of this report but will be included in subsequent submissions of the Local
Subwatershed Study. Surface water quality sampling will continue in 2025 to capture seasonal
conditions.

6 Meander Belt Width Delineation

Most watercourses in southern Ontario have a natural tendency to develop and maintain a meandering
planform provided there are no topographical or spatial constraints. When defining the limits of an
erosion hazard for a watercourse, unconfined and confined systems are assessed differently (TRCA,
2004 and MNR, 2002). Unconfined systems are those with streams in open areas (i.e., valley not
apparent) or with valley walls that are positioned at a sufficient distance where the channel cannot
reasonably be expected to contact because of migration under existing or future hydrologic scenarios.
In this type of setting, the extent of the erosion hazard is delineated by the meander belt width, which
is defined as the lateral extent that a channel has historically occupied and will likely occupy in the
future.

Following MNR (2002), the 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.

Confined systems, in contrast, are those where a watercourse is contained within a defined valley where
meander bend migration may be constrained by valley walls. 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. In these settings, where the
channel is positioned within 15 m of a valley slope, the erosion hazard is generally defined by the toe
erosion allowance, stable slope allowance, and erosion access allowance. In some instances, a meander
belt width may also apply in partially confined systems (i.e., where the channel is greater than 15 m
from the valley slope toe).

The central tributary within the subject lands was evaluated to be unconfined and as such, the meander
belt width defines the erosion hazard. As noted in Section 2.2, GEI previously completed a meander
belt width based on meander amplitudes in historical and recent aerial imagery. A meander belt width
of 33 m were delineated for Reaches THRE-1-2 and THRE-1-3, and a meander belt width of 18 m
was delineated for Reach THRE-1-1.

GEO Morphix has reviewed the previously delineated meander belt widths based on spring 2025 field
observations and measurements of channel dimensions. Given the extent of historical modifications,
GEO Morphix completed a detailed review of empirical models to confirm the appropriateness of the 33
m and 18 m meander belt widths noted above.

The empirical relations from Williams (1986) were modified to include channel area and width, and
applied using the bankfull channel dimensions such that:

B,, = 184%5 + W, [Eq. 1]

B, = 43W,% + W, [Eq. 2]
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where B,, is meander belt width (m), A is bankfull cross-sectional area (m2), and W, is bankfull channel
width (m). An additional 20% buffer, or factor of safety, was applied to the computed belt width values
to address issues of under prediction.

The Ward et al. (2002) channel width and drainage area models were also used to determine a meander
belt width (ft):

B,, = 6W,'12 [Eq. 3]
B,, = 120DA%*3 [Eq. 4]

where DA is the drainage area (square miles). The resulting value was then converted to the metric
system (m). A 20% factor of safety was not applied to the Ward et al. (2002) channel width value due
to the approach used in the modelling (i.e., hazard envelope rather than a linear relationship). A 20%
factor of safety is included in the Ward et al. (2002) drainage area equation.

Lastly, meander belt widths were also calculated based on TRCA’s (2004) empirical model:
B, = —14.827 + 8.3191In (pgQS * DA) [Eg. 5]

where p is water density (1000 kg/m?3), g is acceleration due to gravity (9.8 m/s?), Q is discharge (m3/s),
S is channel slope (m/m), and DA is drainage area (kmZ2). Reach gradients were determined using
topographic data. The drainage area (0.40 km?2) was provided by Schaeffers Consulting Engineers
(2025) for the downstream extent of Reach THRE-1-1 and was applied to all reaches as a conservative
approach. The two-year discharge of 0.41 m3/s was provided by Schaeffers Consulting Engineers.

Empirical modelling results are summarized in Table 4, below.

Table 4: Summary of modelled meander belt widths for existing conditions

G Modified LT S EL Recommended
Reach Williams Williams Ward et al. (2002) TRCA** Meander Belt
(I:.'?esai) (1986) Width* (2002) Width D:;l::fe (2004) Width (m)
THRE-1-1 9 7 8 16 22 18
THRE-1-2 32 26 29 16 7 33
THRE-1-3 12 11 12 16 11 33

* Includes 20% factor of safety
** Includes one standard error (8.63 m) as factor of safety

Regarding Reach THRE-1-1, the modelled belt widths based on channel dimensions are relatively low
when compared to those based on drainage area. This is attributed to extensive channel modification
due to agricultural land uses. Meander amplitudes measured in the field by GEO Morphix along this
reach ranged from approximately 9.7 to 12.2 m. The 18 m meander belt width calculated by GEI (2025)
is larger than amplitudes measured in the field and is within the range of belt widths calculated using
the Ward et al. (2002) drainage area equation and TRCA (2004). It is recommended that the 18 m
meander belt width be adopted for the current study. Notably, this reach is proposed for realignment
and a meander belt width for the designed channel is documented in Section 7.5 to ensure the erosion
hazard is adequately addressed.

For Reach THRE-1-2, the meander belt widths summarized in Table 4 that are based on channel
dimensions are comparable to the 33 m meander belt width delineated by GEI (2025), while modelled
meander belt widths based on the Ward et al. (2002) drainage area equation and TRCA (2004) are
substantially smaller. It is recommended that the 33 m meander belt width be adopted for the current
study. This reach is also located within a woodlot and the limiting constraint in this area is therefore the
drip line and associated buffer.
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The meander belt widths calculated by GEO Morphix for Reach THRE-1-3 are substantially lower than
the meander belt width delineated by GEI (2025). This is largely due to GEI not subdividing this reach
north of the woodlot, as meander belt widths are typically delineated on a reach basis. This reach is
located within the Greenbelt and proposed development is set well back from the tributary. For
consistency with the downstream reach and the assessment completed by GEI (2025), it is
recommended that the 33 m meander belt width be applied.

7 Erosion Mitigation Assessment

Erosion thresholds are used to determine the magnitude of flow required to potentially entrain and
transport bed and/or bank material (Garcia et al., 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. An erosion threshold was modelled from detailed field observations of Reaches
THRF-1 and THRF-2. The two reaches were selected for an erosion threshold analysis as they were
identified as the most erosion-sensitive reaches are within the potential zone of impact along the
receiving watercourse east of Mount Hope Road. The erosion threshold is a theoretical value, typically
expressed as a critical discharge or shear stress, at which entrainment of sediment would occur based
on the physical properties 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 for the subject reach.

7.1 Methodology

Erosion threshold targets are established using different methods that are dependent on the sediment
characteristics of the channel. 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. Alternatively, a velocity approach could also be applied (Villard and Parish,
2003). For cohesive materials, a method such as that described by Komar (1987), or empirically derived
values such as those compiled by Fischenich (2001), Chow (1959) or Julien (1994), could be applied.
Villard and Parish (2003) emphasize the importance of selecting methods that reflect local sediment
conditions and integrating them into site-specific geomorphic assessments.

An erosion threshold is quantified based on the bed and bank materials and local channel geometry in
the form of a critical discharge (Villard and Parish, 2003; TRCA 2012). Theoretically, in streamflow which
exceeds this discharge, entrainment and transport of sediment can occur. To determine the critical
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 slightly exceeds the critical threshold of the bed
material. The velocity is determined using Manning’s approach, where Manning’s n value is visually
estimated through a method described by Acrement and Schneider (1989) or calculated using the
Limerino (1970) approach. A Manning’s n value of 0.045 was used for the assessment, based on the
physical characteristics of the subject reach. The velocity is mathematically represented as:

U= %dz/ssl/z [Eq. 6]
where, d is depth of water, S is channel bed 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:

Ty = dpgS [Eq 7]

Where, 1, is shear stress, d is the water depth, p is water density, g is acceleration due to gravity, and
Sis the channel slope.

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

Reach THRF-1 is located downstream of THRF-2 and drains an area of 60 hectares. Based on the
results of the detailed assessment, bank materials in this reach were identified as hard clay. Using the
criteria for entrainment of hard clay from Julien (1998), a critical velocity of 0.76 m/s was applied,
yielding a critical discharge of 0.326 m3/s for the bank materials. The bed materials were composed of
a mixture of graded silt to cobbles, with a corresponding critical velocity of 1.14 m/s based on Julien
(1998), resulting in a critical discharge of 0.465 m3/s. As the more conservative value, the critical
discharge for the bank materials (0.326 m3/s) was adopted as the erosion threshold for Reach THRF-
1. With a drainage area of 60 ha, the defined critical discharge yields a unitary erosion threshold of
0.0054 m3/s/ha.

Reach THRF-2, located upstream of THRF-1, drains a smaller contributing area of 13.1 hectares. The
bank materials in this reach consist of clay till. Based on Fischenich (2001), a critical velocity of 1.00
m/s was used to evaluate the erosion threshold of the bank materials, resulting in a critical discharge
of 0.305 m3/s. Bed materials were more resistant, ranging from clay to cobbles, with a critical velocity
of 1.52 m/s (Fischenich, 2001), yielding a slightly higher critical discharge of 0.466 m3/s. As the more
conservative value, the critical discharge for the bank materials (0.305 m3/s) was adopted as the erosion
threshold for Reach THRF-2. Using a drainage area of 13.1 ha, the defined critical discharge yields a
unitary erosion threshold of 0.023 m3/s/ha.

Channel parameters and erosion threshold results are summarized in Table 5. Bankfull discharge and
velocity calculated as part of the erosion threshold analysis differ slightly from the detailed assessment
values as they are derived from a detailed analysis of four representative cross-sections extracted from
the assessment.

Table 5: Channel parameters and erosion threshold results

Channel THRF-1 THRF-2
parameters (downstream of THRF-2) (upstream of THRF-1)
Drainage area (ha) 60 13.1

5.99*

(reach gradient including a clay knickpoint)

Gradient (0/0) 3.06 (gradient upstr;.né(?rom knickpoint)

4.32

(gradient downstream from knickpoint)
Bankfull width (m) 3.07 2.26
Bankfull depth (m) 0.28 0.34
Manning’s n 0.050 0.050
D50 (mm) 19.1 <2.0
D84 (mm) 58.9 46.0
Calculated bankfull
discharge (m3/s) 1.29 2.4
CaIcu_Iated bankfull 1.50 3.33
velocity (m/s)
Erosion threshold
Bank
Criteria Hard clay Clay till
Critical velocity (m/s) 0.76 (Julien, 1998) 1.00 (Fischenich, 2001)
Apparent shear
stress (N/m?) 40.78 32.89
Crlglcal discharge 0.326 0.305
(m?/s)
Bed

Criteria Graded silt to cobbles Clay to cobbles
Critical velocity (m/s) 1.14 (Julien, 1998) 1.52 (Fischenich, 2001)
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Channel THRF-1 THRF-2
parameters (downstream of THRF-2) (upstream of THRF-1)
Apparent shear

stress (N/m2) 49.23 65.11
Crlglcal discharge 0.465 0.466
(m>/s)

Ero35|on threshold 0.326 0.305
(m3/s)

Unitary erosion

threshold (m3/s/ha) 0.0054 0.023

* To remain conservative, the reach gradient including the knickpoint was used to calculate the erosion threshold for THRF-2 and
to perform the erosion exceedance analysis.

8 Pre- to Post-Development Erosion Exceedance Analysis

In support of the proposed stormwater management (SWM) plan, an erosion exceedance analysis was
completed for the receiving watercourse (CVC, 2015; TRCA, 2012). The application of erosion threshold
analysis for evaluating the effectiveness of stormwater management facilities in mitigating changes in
downstream erosion potential is a concept developed with support by a co-author of the present report
(Dr. Paul Villard) and detailed in guidelines prepared by Dr. Villard on behalf of the Credit Valley
Conservation Authority and Toronto and Region Conservation Authority and in Villard and Parish (2003).

Runoff from the proposed SWM pond will be directed to the tributary east of Mount Hope Road (i.e.,
Reaches THRF-2 and THRF-1). Using the results of the erosion threshold analysis and hydrological
modelling provided by Schaeffers Consulting Engineers (2025) for post- and pre-development
conditions, additional analyses regarding the impacts of SWM controls on potential erosion within the
watercourses were completed with our own in-house model, based on the following three indices:

1) Cumulative time of exceedance (tex)
2) Cumulative effective volume (CEV)
3) Cumulative effective work/stream power index (CEWI)

These indices were developed in response to the limitations of traditional peak flow-based stormwater
design (Villard and Parish, 2003; Villard and Ness, 2006). They have been applied in various southern
Ontario Jurisdictions, including Conservation Halton (CH), Toronto Region Conservation Authority
(TRCA), Credit Valley Conservation (CVC). These indices, as a product, provide an evaluation of the
number of events, as well as the duration and magnitude of sediment transport (Villard and Ness, 2006).
The most relevant indicator is the cumulative effective stream power, as it reflects both the duration
and magnitude of erosion exceedance events.

Time of exceedance, average effective discharge, and cumulative effective volume can be calculated
from the discharge record and established critical discharge. The cumulative time of exceedance is
simply the summed duration of time where discharge exceeds the established erosion threshold. The
cumulative time of exceedance simply quantifies the duration that the threshold is exceeded but does
not provide information on the work or erosive force of flows once the thresholds are exceeded (TRCA,
2012). The average effective discharge represents the average magnitude of discharge exceeding the
erosion threshold during a given erosion event, whereas the cumulative effective volume represents the
total discharge volume that exceeds the erosion threshold throughout the modelled discharge record.

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

The post- and pre-development hydrological modelling reflects changes to the hydrological regime
resulting from implementing SWM measures within the catchment. For each of the modeling nodes,
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event-based hydrological simulation results were provided by Schaeffers Consulting Engineers.
Streamflow discharge was provided at 5-minute intervals for existing and proposed conditions. Two
distinct scenarios (uncontrolled and controlled) were modelled under various storm event magnitudes
(25 mm, 2-year, 5-year, and 10-year events). The modeled post-development scenarios with
stormwater management controls accounted for a 24-hour extended detention time and an initial
abstraction (IA) value of 1.5 mm.

8.1 Methodology

To calculate work terms, both velocity and shear stress were determined at each time step. Through an
iterative process, water depth and velocity were calculated for each discharge passing through a
representative cross-section. The cross-section is divided into floodplain and bankfull sections. The
cross-section is further broken into panels. Velocity, U, is calculated for each panel using the Manning’s
approach, consistent with practices outlined in Chow (1959) and employed in TRCA (2012). This is a
conservative approach as it allows dissipation of flood energy in the floodplain, reducing overestimation
of erosive potential.

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

Qr=20; [Eq. 8]

Each Q; represents discharge through a panel (which is set at 10 percent of the cross-section). Q; is
defined as:

Qi = inidi [Eq 9]
where, U;, w; and d; are velocity, width and depth for each panel. The discharge for each panel was then
summed to give a total discharge. This is more accurate than using average cross-sectional dimensions

of a simple trapezoidal channel, as the bed is usually irregular, and a panel approach more accurately
represents the true cross-sectional area (Villard and Parish, 2003).

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

Tomax — dmaxPgS [Eq 10]

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

Cumulative total work, @t is defined as:

®tot = 2 TOmax * Uavg-At [Eq. 11]

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

®eff = T — T UAL®<0=0 [Eq. 12]
where, zris the critical shear stress.
Time of exceedance t.x defined as:

tex = X At for (Qr > Qthreshold) [Eq. 13]

where, Qthreshold IS the discharge at the erosion threshold.

The cumulative effective volume (CEV) is defined as:
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CEV =Y Q (for Q > Qthreshold) [Eq. 14]

8.2 Results

Erosion exceedance modelling results indicate that the proposed SWM plan effectively mitigates the risk
of increases in erosion potential within the receiving watercourse. The analysis compared pre-
development and post-development conditions using a range of design storm events under various SWM
scenarios. Each scenario evaluated the effectiveness of proposed SWM controls in reducing erosive flows
by examining changes in the key erosion indices: cumulative effective volume (CEV), cumulative
effective work index (CEWI), and duration of exceedance. The scenarios reflect progressively larger
storm events. The post-development (proposed) scenario was modelled with a 24-hour extended
detention (ED) time and 1.5mm IA.

In terms of the modeled erosion indices, we note that the CEWI (weff) is considered the most relevant
index with respect to erosion potential, as it reflects both the flow magnitude and exceedance duration
of a given erosion event. Results over +/-5% are considered to be significant enough to result in a
detectable change in erosion potential within the receiving watercourse. Of secondary relevance is the
CEV indicator, representing the total streamflow volume which exceeds the established critical discharge
during the stormflow event. The pre-development and post-development hydrographs are included in
Appendix F. The results for the 25mm storm event under uncontrolled conditions are shown in Table
6. The results for the pre- and post-development analysis for the 25mm, 2-year, 5-year, and 10-year
storm events are provided in Table 7 and Table 8.

Uncontrolled Post-Development Conditions

Reaches THRF-1 and THRF-2 Scenario 1 were modelled with the 25 mm storm event under
uncontrolled post-development conditions. Hydrograph analysis shows that under existing conditions
the peak flows for the 25 mm storm event do not exceed the erosion threshold for either reach. Under
uncontrolled post-development conditions, the peak flow exceeds the erosion threshold at both reaches
by at least a factor of 3. The hydrographs show that peak flow occurs several hours sooner under
uncontrolled conditions with a much higher magnitude of peak flow relative to existing conditions. This
shift in the form of the storm event hydrograph to higher magnitude flows that occur more rapidly is
typical of the shift in rainfall-runoff response associated with an increase in landscape imperviousness
(ex: suburban development of agricultural land uses). Overall, the 25 mm storm event hydrographs for
both Reach THRF-1 and Reach THRF-2 indicate that if runoff remains uncontrolled, the development
would significantly increase erosion potential along the receiving watercourse.

Table 6: Results of the 25mm event-based hydrology exceedance analysis for the post- to
pre- development under uncontrolled conditions for Reach THRF-1 and THRF-2

Scenario CEV (m?) weff (N/m?) excz:;::fe"s‘ers) ‘
Pre 0 0 0
THRF-1 | Post 1494.9 48.61 1.5
Change (%) -—-- — —
Pre 0 0 0
THRF-2 | Post 742.8 51.95 0.75
Change (%) - — —

Controlled Post-Development Conditions

For the 25 mm storm event, no erosion exceedances were predicted under existing or proposed
conditions for both reaches. Similarly, for the 2-year storm, exceedances were not predicted for Reach
THRF-2, however they were predicted for the Reach THRF-1 (downstream of THRF-2), with decreases
in CEV and CEWI of 54%.

Under the 5- and 10-year storm events, Reach THRF-1 also exhibited reductions in CEV and CEWI,
with predicted reductions ranging from approximately 34% to 38%. For Reach THRF-2, erosion
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exceedances observed under pre-development conditions for the 5- and 10-year events were fully
mitigated under proposed conditions, with CEV, CEWI, and duration of exceedance all reduced to zero.
While these results suggest that the proposed stormwater management strategies may be
overcontrolling flows to Reach THRF-1, the reach is an actively eroding reach characterized by multiple
knickpoints. The predicted flow reductions may serve to reduce erosion and increase channel stability
along this reach.

Table 7: Results of the event-based hydrology exceedance analysis for the post- to pre-
development under controlled conditions for Reach THRF-1

Duration of

Scenario CEV (m3) xeff (N/m?2) e e (R ‘
Pre 0 0 0
25mm Post 0 0 0
Change (%) -—== === ===
Pre 2305.5 75.19 3.92
2-Year Post 1055.7 34.28 3.42
Change (%) -54.2 -54.41 -12.77
Pre 7132.8 232.94 5.25
5-Year Post 4452.6 145.82 5.17
Change (%) -37.6 -37.40 -1.59
Pre 9201.3 298.83 4.75
10-Year Post 5993.4 195.79 4.92
Change (%) -34.9 -34.48 3.51

Table 8: Results of the event-based hydrology exceedance analysis for the post- to pre-
development under controlled conditions for Reach THRF-2

Duration of

Scenario CEV (m3) xeff (N/m?2) et e (R ‘

Pre 0 0 0

25mm Post 0 0 0
Change (%) — ——— ———

Pre 0 0 0

2-Year Post 0 0 0
Change (%) — ——— ———
Pre 319.5 22.13 2.08

5-Year Post 0 0 0
Change (%) — ——— ———
Pre 1063.8 74.44 2.67

10-Year Post 0 0 0
Change (%) — ——— ———

These modelling results indicate that the proposed SWM plan effectively reduces erosion potential along
the receiving watercourse. The model predicts that erosion potential along Reach THRF-2 is completely
mitigated for storm events up to and including the 10-year storm. For Reach THRF-2 the erosion
exceedance modeling indicates significant post-development decreases in erosion potential. The
predicted decreases in erosion potential may help increase channel stability by reducing active
degradation and widening within the watercourse. As such, the proposed SWM plan is not anticipated
to exacerbate erosion within the channel, and thus adequately addresses concerns relating to potential
erosion impacts of the development on the receiving watercourse.
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9 Conceptual Natural Corridor Design

9.1 Design Objectives

Given that Reach THRE-1-1 is proposed to be restored and realigned, there is an opportunity to replace
the existing morphologically-limited channel with a naturalized shallow and deep undulating typology,
with cross sectional dimensions closer to that of a naturalized watercourse conveying similar flows. The
granular is provided for substrate variability, filtration and infiltration value. The undulations extend wet
and dry periods, enhancing organic breakdown and extending periods where it can provide wet/moist
habitat. Conceptual natural corridor design drawings are provided in Appendix G.

The design will complement the existing channel located within the upstream woodland. The naturalized
watercourse will significantly improve channel form and function per unit length. The channel
realignment and naturalization are expected to improve riparian and aquatic conditions and provide a
well-developed bankfull channel with morphological variability. Improvement in morphology and
function will provide additional benefits to sediment balance, floodplain storage, vegetation communities
and terrestrial habitat features, edge impacts, water balance, fish passage and water quality. From a
habitat perspective, the important contributions of the watercourse includes the provision of seasonal
habitat, organic inputs to the system, provision of a more complex corridor system with elements that
have a wide range of hydroperiods, and aquatic and terrestrial habitat elements.

The primary objectives of the design are to:

e Restore the physical form of the channel including planform and in-channel characteristics
Ensure channel stability and function during low flow periods
Improve the function of the channel and promote interaction with the floodplain and offline
wetlands

e Improve water quality by extending detention of water through offline wetland features
Create a low-flow channel that accommodates, at most, the 1.25-year return flow to improve
the function of the channel corridor and increase interactions with the floodplain

e Create a floodplain that includes interconnected wet meadow and linear wetland features of
variable depth, shape, and hydroperiod

e Provide a mix of coarse and fine sediment sources throughout the low-flow channel and
floodplain

¢ Enhance aquatic habitat through the provision of a morphologically diverse channel with spatially
varied flows
Improve riparian habitat by installing woody plantings and dynamic floodplain features

e Mitigate potential hazards to the development as well as lands surrounding the development

Technical details are provided in subsequent sections to outline the approach used for channel sizing
and habitat restoration.

9.2 Bankfull Channel

The recommended restoration design focuses on shallow-deep undulation typology. The typology will
provide significant improvements to not only the channel, as it essentially mimics a natural system, but
also to aquatic habitat. In summary, a shallow and deep undulating system offers numerous benefits,
namely:

Channel bed relief for flow variability

Water aeration in shallow sections

Improve feature function and interaction with the floodplain
Increased depths in pools to provide relatively cool water
In-channel energy dissipation

Project No. 25026 geomorphix.com 18



GEO!MORPHIX“

In the development of a natural channel design, the length of the watercourse proposed to be realigned
is typically replicated or exceeded, to provide an overall gain in habitat. The length of the existing
channel to be realigned for Reach THRE-1-1 is approximately 253 m. The length of channel proposed
in the design is approximately 324 m for Reach 1 and Reach 2. The additional length of channel
provides a significant increase in the area for restoration and habitat enhancement.

Channel design dimensions are determined by bankfull discharge, as this represents what is generally
referred to as the “channel-forming discharge” or the “dominant discharge”. Several methods can be
applied to select an appropriate bankfull discharge. Back calculation of discharge from a reference reach
along with support from hydrological modelling is usually the most appropriate. Given the significant
historical channel modifications and the changes in hydrology likely to occur because of the proposed
development on site, a discharge based on hydrological modelling was determined for Reach 1 and
Reach 2 and then subsequently used to define channel bankfull geometry. The discharge used to size
the bankfull channel was assumed to be equivalent to the modelled 1.25-year flow. As such, the bankfull
discharge was defined as 0.12 m3/s for Reach 1 and Reach 2 as provided by Schaeffers Consulting
Engineers (2025). Bankfull capacity for channels generally have a range from the 1- to 2-year return
events.

A simple Manning’s approach was used to iteratively back-calculate bankfull dimensions for the proposed
channels. Since pools are designed to contain ineffective space, this model over-predicts the amount of
discharge that they convey. As such, the modelled values for the shallow undulation section give a better
prediction of the channel’s capacity. Shallow and deep geometries, as well as anticipated bankfull
conditions for the proposed channel, are provided in Table 9.

For Reach 1 the channel has an overall gradient of 0.54% for 191 m. The bankfull width and depth of
the channel range from 1.5 m to 2.1 m, and 0.20 m to 0.40 m, respectively. The average shallow
gradient is 1.63%. For Reach 2 the channel has an overall gradient of 2.87% for 133 m. The bankfull
width and depth of the channel range from 1.5 m to 2.1 m, and 0.20 m to 0.60 m, respectively. The
average shallow gradient is 7.95%.

Table 9: Bankfull parameters for Reach 1 and Reach 2

Reach 1 Reach 2

Channel parameter

Shallow Deep Shallow \ Deep
Bankfull width (m) 1.50 2.10 1.50 2.10
Average bankfull depth (m) 0.15 0.22 0.15 0.30
Maximum bankfull depth (m) 0.20 0.40 0.20 0.60
Bankfull width-to-depth ratio 10.34 9.34 10.34 7.00
Channel gradient (%) 1.63 0.54 7.95 2.87
Bankfull gradient (%) 0.54 2.87
Average radius of curvature (m) * 4 4
Riffle-pool spacing (m) ** 13 13
Manning’s roughness coefficient, n 0.04 0.03 0.04 0.03
Mean bankfull velocity (m/s) t+ 0.78 0.79 1.73 2.14
Bankfull discharge (m3/s) + 0.17 0.37 0.38 1.34
Discharge to accommodate (m3/s) 0.12 0.12
Tractive force at bankfull (N/m?2) 32 21 156 169
Stream power (W/m) 27 20 294 377
Unit stream power (W/m?) 18 9 196 180
Froude Number (unitless) 0.66 0.54 1.45 1.24
Maximum grain size entrained (m) ++ 0.03 0.02 0.16 0.17
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Reach 1 Reach 2

Channel parameter

Shallow Deep Shallow Deep

Mean grain size entrained (m) t+ 0.02 0.01 0.12 0.09
* Based on Williams (1986)
** Based on Hey and Thorne (1986)
Tt Based on Manning’s equation; as pools contain ineffective space, the velocity and discharge conveyed in them are not
representative
t1 Based on Shields equation assuming Shields parameter equals 0.06 (gravel)

After preliminary geometries were determined the radius of curvature and shallow-deep spacing were
calculated using relations from Williams (1986) and Hey and Thorne (1986). As discussed above once
the planform parameters and bankfull geometries were determined the channel centreline was designed
and geometries were finalized based on the final gradient.

9.3 Channel Planform

The initial channel planform layouts were created using the modelled radius of curvature value (Rc) as
a guide. The radius of curvature (Rc) of meanders can be used to evaluate channel stability. For
example, stable meanders typically exhibit larger Rc values as opposed to lower values that indicate
increased channel bank erosion and avulsion. Bankfull width is often an appropriate indicator for this
instability. Hickin and Nanson (1983) note that channel avulsions are common when meander Rc is
approximately 1-2 times the channel bankfull width. For larger Rc (e.g., >5), the upstream limb of the
meander will migrate more rapidly than the downstream limb (Hooke, 1975). Based on the above
bankfull widths the radius of curvatures and feature spacing were determined.

Williams (1986) was used to derive values for the channel radius of curvature, using the following
equation:

Rc=243 X w [Eg. 15]
where Rc is the radius of curvature and w is the average bankfull width.

Empirical models derived by Hey and Thorne (1986) were followed to determine the shallow undulation
section spacing. Hey and Thorne’s (1986) modelled values are often applied in larger watercourses. As
such, multiple methods (Eq. 16 — 18) were considered in order to provide a range of shallow undulation
section spacing values. These are:

Z=631 X w Eq. 16]
[Eq

Z=9.1186 x wO8846 [Eq. 17]

Z =736 x wo8% x 5003 [Eq. 18]

where Z represents shallow undulation section spacing.

Stream power and unit stream power were calculated as a function of bankfull discharge and channel
gradient (Eq. 19 and 20). Stream power values are important to determine the need for mitigating
channel bank and bed erosion. Stream power is given by:

QO=pxgxdxS$§ [Eq. 19]

where p is the density of water (kg/m3), g is the acceleration due to gravity (m/s?), and Q and S are
discharge (m3/s) and channel gradient, respectively.

Stream power per unit width (Eqg. 20), is given by:

=2 [Eq. 20]
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where as before, ©2 and w are stream power and bankfull width, respectively.

The final channel planform is established through an iterative process. First, a cross section with defined
bankfull geometry was developed to calculate parameters for the planform (i.e., radius of curvature).
The cross section was then further refined, and riffle and pool lengths were determined based on channel
gradient.

9.4 Channel Substrate Hydraulic Sizing

The sizing of proposed substrate materials was guided by a review of hydraulic conditions (i.e., tractive
force, flow competency) in the typical cross-sections. The channel bed substrate is derived by balancing
the average shear stress acting on the bed with the critical shear stress for the material. When the
critical shear stress slightly exceeds the average shear stress acting on the bed, sediment transport is
initiated.

To provide for a stable bed and level of sorting, the substrate within the shallow undulation section will
be consist of 70% granular ‘B’ and 30% native material and the pools will consist of 60% granular ‘B’
and 40% native material for Reach 1 and Reach 2.

Granular ‘B’ consists of a mix of stone where approximately 20 % - 50 % of the stone is greater than
0.005 m in diameter, but nothing larger than 0.15 m in diameter. These materials will always have a
core of sediment that is not entrained under bankfull flow conditions. This material maintains the
character of the native material, while providing slightly higher stability and opportunity for sediment
sorting.

The granular ‘B’ is to be derived from pit-run material and contain no post-construction materials. This
is particularly important as the supply of natural sediment from upstream will be limited due to
development. This material maintains and enhances the character of the native material, while providing
slightly higher stability and opportunity for sediment sorting. The gravel also provides opportunities for
infiltration, filtration, and detention of water within the pore spaces to provide additional benefits by
elongating the hydroperiod. These materials are also provided for stability and not for maintaining a
“shallow” morphology. The proposed mix will also improve aquatic habitat by increasing diversity
between the shallow and deep substrates.

Immediately after construction, the outside bank of meander bends (i.e., cutbanks) may experience
relatively higher erosive flows, which could lead to meander bend migration. As such, all cutbanks will
be bioengineered for additional stability. For immediate erosion protection, a biodegradable erosion
control blanket will be installed along the banks in shallow and deep sections. The blanket will biodegrade
over time and live stakes will be installed in the immediate overbank areas to provide long-term soil
stability.

9.5 Channel Corridor Sizing

With regards to delineating the hazard associated with channel migration, the MNR treats confined and
unconfined systems differently. Unconfined systems are those with poorly defined valleys or slopes well
outside where the channel could realistically migrate. In unconfined systems, the hazard is assumed to
be from channel migration. Unconfined systems require a meander belt width. Given the size of the
channel compared to the floodplain, this channel can be considered unconfined.

As part of the design, a meander belt width was calculated based on design bankfull dimensions of each
design reach to ensure that the planform has a meander belt width that falls within the existing corridor
requirements. Given the scale of the watercourse and limited migration potential for the system, the
hazard limits calculated can be considered conservative. The meander belt widths provided are based
on modelled relations from Williams (1986) (refer to Eq. 2 in Section 6). An additional 20% buffer, or
factor of safety, was applied to the computed belt width values to address issues of under prediction.

The average width of the designed Reach 1 and Reach 2 is 1.80 m and the resulting meander belt
width is 12 m. The proposed valley corridor bottom width for Reach 1 and Reach 2 is 19 m. It is
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anticipated that the channels through these sections will be stable given the proposed design was
developed to be stable at bankfull conditions. The predicted meander belt widths outlined above fit well
within the proposed valley bottom widths.

Once the channel planforms were finalized through the iterative process of determining bankfull widths,
radius of curvatures and shallow-deep spacing the meander belt widths are overlain to ensure the
channels fit within the bounds. For a stable channel the channel spacing, radius of curvature, gradient,
flow and bankfull geometries would provide a design that fits within the proposed meander belt widths.
The proposed design for Reach 1 and Reach 2 fits within the channel corridor bottom and therefore
also within the proposed meander belt width.

9.6 Wetland Features

In addition to the low-flow channel, both online and offline wetland features are proposed within the
corridor, and adjacent to the corridor. These features enhance terrestrial habitat by increasing diversity
and providing a more natural floodplain form. They also provide functional benefits such as short-term
water retention and sediment banking. They will be irregularly shaped to maximize the perimeter for a
given area, which increases the potential for edge effects. Submerged and dry mounds are proposed
within the offline wetlands to increase habitat heterogeneity by providing a topographically complex
bottom. These wetlands' short-term water retention function helps polish the water and moderate
discharge into the channel.

It is understood that approximately 0.35 ha (3,500 m2) m of existing wetland is proposed for removal
adjacent to the corridor as part of the development. The total area of the online, offline wetland features
and wet meadow area proposed within the corridor, and adjacent to the corridor is approximately 0.36
ha (3,600 m?). We have provided variability to ensure that a range of water depths and hydroperiods
are provided from year-to-year. The depressional storage provided within the proposed natural corridor
designs elongates the hydroperiod. Given the storage areas, the channel directing flow to the
depressional storage, and the low grade on the floodplains, depressional storage is anticipated to
support wetland and wet meadow vegetation. Furthermore, the soils will likely have an extended
hydroperiod.

The channel corridor will be restored using native plant species, including appropriate species for the
seed mix. The plantings are intended to enhance the terrestrial habitat by providing species and habitat
diversity, increasing floodplain soil stability, and increasing floodplain roughness and sedimentation.

9.7 Habitat Restoration

The design incorporates several habitat elements within the channel corridor to improve riparian habitat
and promote wildlife biodiversity. To maximize potential for wildlife passage, forage and residency, the
habitat design incorporates varying topographies and woody debris. The habitat elements proposed
include, overwintering pools, brush mattresses, pallet type wood piles, raptor poles, rock piles, and
terrestrial mounds.

Potential overwintering pools are proposed to provide critical habitat for resident fish. The overwintering
pools are located within the tortuous meander pattern, which will increase scour and pool depth. This
habitat feature will provide fish with potential refuge from freezing conditions in the winter and an ideal
habitat during low flow periods and increase habitat heterogeneity within the channel.

Brush mattress is proposed along the outside meander bend of select meanders. This treatment consists
of live brush cuttings installed parallel to the banks and tied in with coir twine and stakes. The brush
mattress will provide bank stability and improve aquatic habitat through shading.

Pallet type wood piles consist of logs, snags and other wood debris, placed in a way that forms a stable
interconnected mound, in the shape of a pallet. Additionally, the wood piles are planted with native fruit
bearing vines, which provide forage opportunities for wildlife. A wood pile is placed along the floodplain.

Raptor poles are constructed from large conifer tree trunks, embedded into the ground and serve to
provide perches for larger raptors.
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Rock piles consist of a mix of stone of varying sizes, piled up to create small mounds. These features
provide hibernation habitat for various terrestrial species. The base of the piles is partially buried to
prevent rock falls. A rock pile is installed in the floodplain.

Terrestrial mounds consist of native material, piled up to create small mounds with a small dimple on
the top. The bottom of the mound is seeded with the specified seed mix, while the top has limited soil
and seed on it to provide foraging opportunities.

9.8 Natural Erosion Control

Newly constructed features can be vulnerable to erosion. This is particularly true before vegetation has
been established along the channel banks. While low-flow events should not intensify erosion, the
concern for erosion occurs when high flows or precipitation events occur during construction.

Immediately after construction, the outer banks of the meander bends (i.e., cutbanks) may experience
relatively higher erosive flows, leading to meander bend migration. As such, all cutbanks are
bioengineered for additional stability. A 100% biodegradable erosion control blanket, and live stakes are
installed along the banks in the riffle and pool sections for immediate erosion protection. Over time, the
blanket will biodegrade, while the live stakes establish in the immediate overbank areas to provide long-
term soil stability.

For long-term stability, implementing planting plans within the corridor is recommended. This includes
deep-rooting native grasses and other herbaceous species seeded along and within channel sections,
prescription of flood-tolerant native shrub and tree species, and use of seed banks within the local soil.
Shrubs should be planted close to the channel margins to maximize stabilization and channel cover
benefit.

Potential erosion locations (i.e., along the outside meander bends, immediately downstream of wetland
features, etc.) has been anticipated and reflected in the planting plans. Live staking should be used
adjacent to the channel bank to provide immediate benefit and long-term infilling. If appropriate live
staking methods are followed, this method should provide more significant benefits than simple potted
or bare root shrub planting as there is potential for higher densities with live staking.

10 Natural Corridor Design Implementation

10.1 Interim and Long-Term Channel Conditions

After construction, it is anticipated that the channel will go through a period of adjustment. This is
related to the growth rate of vegetation and long-term succession. In the short-term (< 5 years) we
anticipate a level of vegetation encroachment into the channel given the proposed planting plan. When
the channel is first landscaped, the vegetation will be immature with minimal canopy cover resulting in
a higher percentage of grasses establishing and encroaching into the channel. As the vegetation matures
and the canopy cover increases (10 - 25 years) we anticipate less grass encroachment into the channel
due to reduced light penetration. The increased canopy cover will also benefit the system by reducing
light penetration and increasing shading, which results in cooler channels. During this phase there will
likely be limited changes in channel morphology.

In the long term (> 25 years) the canopy cover will increase, and it is anticipated that riparian vegetation
will consist of less grasses and more shrubs, herbaceous, and tree species. This will likely result in
greater habitat diversity due to increased woody debris. Willow and dogwood species are proposed along
the channel banks which will increase woody debris within the channel. As the vegetation matures it will
increase organic inputs and habitat diversity. The vegetation change over time will influence channel
function. The proposed meandering channel is an appropriate planform design as the vegetation
encroachment in the channel decreases. The proposed substrate will also provide stability to the channel
bed once vegetation encroachment is minimized.
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10.2 Construction Timing

Based on resident fish species and their respective life cycles, in-stream work is restricted to July 15 to
March 15 unless otherwise directed by the MNR. Vegetation removals associated with clearing, site
access and staging should occur outside the key breeding bird period identified by Environment Canada
for migratory birds to ensure compliance with the Migratory Birds Convention Act, 1994 (MBCA) and
Migratory Bird Regulations. The breeding season for migratory birds in this part of the country typically
extends from as early as April 1 to as late as August 31, and the bat roosting window is from as early
as April 1 to as late as September 30. Should tree removals be required during critical breeding bird
season, a qualified biologist should inspect those trees to ensure they do not contain nesting birds. It is
understood that the MBCA is not limited to cutting woody vegetation but also applies to topsoil stripping
and grubbing activities, as there are ground nesting bird species protected under the Act.

10.3 Best Management Practices

Site inspection should be performed by an inspector with experience overseeing channel works, as this
type of work differs considerably from engineering projects. An experienced inspector will be able to
provide quick and appropriate response to issues that may arise and ensure that construction proceeds
in accordance with the approved design and contract.

The limits of construction will be delineated to prevent unanticipated impacts to natural surroundings,
including trees and the existing watercourse. Flows will be conveyed around the work areas
uninterrupted either through temporary diversion channels or with a cofferdam and pump system, such
that the channels can be constructed fully isolated from the active flow area. This will limit downstream
impacts such as sediment loading.

All isolated work areas will be dewatered to perform work under dry conditions. Water will be pumped
to a sediment filtration system located at least 30 m from the receiving creek and be allowed to naturally
flow over a well-vegetated surface and ultimately return to the channel downstream of the work area.
This will allow particles to settle before reaching the watercourse.

All materials and equipment will be stored and operated in such a manner that prevents any deleterious
substances from entering the water. Vehicle and equipment re-fuelling and/or maintenance will be
conducted away from the watercourse and be free of fluid leaks and externally cleaned/degreased to
prevent the release of deleterious substances.

11 Post-Construction Monitoring

11.1 Natural Corridor Design

A post-construction monitoring program is recommended to assess the performance of the implemented
channel design. Monitoring observations can also be used to determine the need for remedial works, if
required. The following activities should be undertaken by a fluvial geomorphologist and completed on
a seasonal basis (i.e., spring and fall), unless otherwise indicated, for a period of three years following
the year of construction. Biennial monitoring is recommended should the monitoring period extend
beyond three years post-construction as most potential channel adjustments would occur in the first
one to two years following construction.

The following monitoring and reporting activities are suggested for the realigned channel:

e General observations of the channel works should be documented after construction and after
the first large flooding event to identify any potential areas of erosion concern

e An initial baseline survey should be completed after the channel has been constructed;
subsequent surveys should be tied into this baseline survey

e A detailed photo record of the entire channel will be required. Photos should start at the
upstream end of the channel and be sufficiently spaced to allow for coverage of the entire
channel. During the initial photo record, GPS locations of the photos should be recorded, and
these should be the locations from where subsequent photos are taken. Alternatively, a high
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resolution orthorectified aerial photo of the entire channel length can be created using an
unmanned aerial vehicle (UAV) to document the channel planform. This image should be
generated in the spring prior to the on-set of vegetation growth

e Total station survey of the longitudinal profile and 8 - 10 cross sections following construction.
Channel cross-section surveys should be an equal mix of geomorphic unit types. At least two of
the cross-section should be monumented and georeferenced. The longitudinal profile and
monumented channel cross sections would serve as the as-built reference condition for use in
comparing surveys completed in subsequent years

e Re-survey of the longitudinal profile and cross sections in subsequent years after construction

e Installation of erosion pins at monumented cross sections after construction and monitoring of
the erosion pins during subsequent years. Pins are to be placed in both banks within the low
flow channel. Erosion pins need to be formally surveyed, including the end of the pins and their
entry points into the banks to ensure their locations and exposure are accurately recorded.
Erosion pins need to be resurveyed each year to ensure they have not moved due to flow,
physically being hit or frost heave.

e Bed material characterization based on Wolman (1954) pebble counts

¢ General vegetation surveys completed annually after construction, for the duration of the
monitoring period

e Annual reporting to summarize construction activities (i.e., design implementation), and
subsequent year-end reports for the duration of the monitoring period

e Monitoring activities should be undertaken by a qualified fluvial geomorphologist

The monitoring would commence immediately after construction and the corridor should be reviewed
annually to identify the natural variability of the system. Reporting would be provided annually prior to
March 1st of the following year, with a summary report at the end of the monitoring period.

11.2 Instream Erosion

The erosion mitigation assessment completed in support of the proposed development indicates that
instream erosion will not be exacerbated in the receiving tributary east of Mount Hope Road; however,
geomorphological instream monitoring should be completed along Reaches THRF-1 and THRF-2 to
ensure that erosion mitigation has been adequately addressed. Data collected in the post-development
period can then be compared to baseline information collected in support of the LSS. The following
annual post-construction monitoring activities are recommended along Reaches THRF-1 and THRF-2:

e Re-survey of monumented cross sections and longitudinal profile established under baseline
conditions

e Channel substrate characterization through a modified Wolman (1954) pebble count or
sampling at each monumented cross-section

e Collection of monumented photographs

e Re-measurement of erosion pins

e Preparation of an annual report documenting results of the monitoring program, with a
summary report provided at the end of the monitoring period

Monumented cross-sections were installed by GEO Morphix along Reaches THRF-1 and THRF-2 in
2025 and 2024, respectively. It is recommended that the cross-sections be re-surveyed within one year
of the proposed SWM pond being operational to confirm existing conditions. The post-construction
monitoring activities outlined above should be completed on an annual basis for a period of three years,
once the SWM pond is operational. Annual reports and the summary report are to include a comparison
of pre- and post-development instream conditions and evaluate any changes in the context of
anticipated natural variability.

12 Summary
GEO Morphix was retained to complete a fluvial geomorphology assessment and prepare a conceptual
natural corridor design as part of the LLS for the Mount Hope Secondary Plan Area in the Town of

Caledon. The study focused on the central tributary within the subject lands (Reaches THRE-1-1 to
THRE-1-3) and the tributary on the east side of Mount Hope Road (Reaches THRF-1 and THRF-2)
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that is proposed to receive stormwater discharge from future development. The following provides a
summary of key findings and recommendations:

Watercourse reaches within the subject lands have been significantly impacted by past
agricultural land uses and generally lacked natural riffle and pool morphology and particularly
along Reach THRE-1-1, a well-defined channel.

Rapid geomorphological assessments were completed along all reaches of the central tributary
within the subject lands and results indicated that Reach THRE-1-2 was in transition, while
Reaches THRE-1-1 and THRE-1-3 were relatively stable.

Rapid geomorphological results for the tributary on the east side of Mount Hope Road indicated
that the channel was in adjustment, with relatively high RGA scores of 0.33 (THRF-2) and 0.68,
respectively (THRF-1).

Detailed geomorphological assessments were conducted along Reaches THRE-1-2, THRF-1
and THRF-2 in support of the proposed natural corridor design and erosion mitigation
assessment.

Seasonal, event-based baseline surface water quality monitoring is being completed by GEO
Morphix within Reach THRF-1 between April and November of 2025 and to date, one spring
wet weather event has been sampled. Surface water quality monitoring results will be reported
in subsequent submissions of the LSS as laboratory results become available

Meander belt widths of 18 m (THRE-1-1) and 33 m (THRE-1-2 and THRE-1-3) were previously
delineated by GEI (2025) and confirmed to be appropriate by GEO Morphix based on field
observations, including measurements of meander amplitudes, and a review of aerial imagery.

The erosion mitigation assessment focussed on Reaches THRF-1 and THRF-2, which are to
receive stormwater discharge as part of the proposed development. The assessment included
the determination of an erosion threshold and the completion of erosion exceedance analyses
using pre- and post-development hydrological modelling provided by Schaeffers Consulting
Engineers

Comparisons of post- to pre-development hydrological modelling indicate that the proposed
SWM plan is effective in reducing erosion potential during storm events in Reach THRF-1 and
completely mitigates erosion risk in Reach THRF-2 and as such, adequately addresses concerns
relating to potential erosion impacts of the development on the receiving watercourse.

Proposed realignment of Reach THRE-1-1 provides an opportunity to replace the existing
impacted channel with a naturalized corridor that will link the existing woodland with the
downstream natural heritage system south of Columbia Way.

Proposed corridor design contains an undulating channel sized to convey the 1.25 year return
period event to promote interaction with the floodplain and will result in an overall increase in
channel length when existing (253 m) and proposed (324 m) conditions are compared.

Proposed corridor design includes approximately 0.36 ha of wetlands to compensate for the
removal of approximately 0.35 ha of existing wetland along Reach THRE-1-1. It anticipated
that the proposed wetlands, in combination with other proposed habitat features on the
floodplain, will enhance terrestrial and aquatic habitat.

A three year post-construction monitoring program is recommended along the naturalized
corridor to identify any areas of potential instability and assure appropriate vegetation
establishment. An annual report will be submitted prior to document the results of the previous
year of monitoring and a summary report will be provided at the conclusion of the monitoring
period.

Erosion monitoring is recommended along Reaches THRF-1 and THRF-2 for a period of three
years once the SWM pond is operational. Monumented cross-sections installed as part of the
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geomorphological assessments can be re-surveyed and assessed annually in the post-
development condition to evaluate any potential cross-section adjustments in the context of
natural variability

We trust this report satisfies your requirements at this time. Should you have any questions or
concerns, please contact the undersigned.

L0

Paul Villard Ph.D., P.Geo, CAN-CISEC, EP, CERP Suz e St Onge, M.Sc.
Director, Principal Geomorphologist Senior Environmental Scientist

o=
Lindsay Davis, M.Sc., P.Geo., CAN-CISEC Jan Franssen, Ph.D.

Manager of Restoration Design, Residential Technical Lead, Senior Watershed Scientist
Geomorphologist
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Location: Caledon, ON
Year: 1951
Scale: 1:40,000
Source: National Air Photo Library
Yellow Point: Intersection of Mount Hope Road and Columbia Way

PN 25026 geomorphix.com 1



A 775 e-z%—\

Location: Caledon, ON
Year: 1960
Scale: 1:25,000
Source: National Air Photo Library
Yellow Point: Intersection of Mount Hope Road and Columbia Way
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Location: Caledon, ON
Year: 1995
Scale: Digital Orthoimagery
Source: Ministry of Natural Resources
Yellow Point: Intersection of Mount Hope Road and Columbia Way
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Location: Caledon, ON
Year: 1999
Scale: Digital Orthoimagery
Source: Ministry of Natural Resources
Yellow Point: Intersection of Mount Hope Road and Columbia Way
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Location: Caledon, ON
Year: 2005
Scale: Digital Orthoimagery
Source: Google Earth Pro
Yellow Point: Intersection of Mount Hope Road and Columbia Way
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Location: Caledon, ON
Year: 2015
Scale: Digital Orthoimagery
Source: Google Earth Pro
Yellow Point: Intersection of Mount Hope Road and Columbia Way
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Location: Caledon, ON
Year: 2019
Scale: Digital Orthoimagery
Source: Google Earth Pro
Yellow Point: Intersection of Mount Hope Road and Columbia Way
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Location: Caledon, ON
Year: 2022
Scale: Digital Orthoimagery
Source: Google Earth Pro
Yellow Point: Intersection of Mount Hope Road and Columbia Way
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Photo 1
Tributary of Humber River- Reach THRE-1-1
Caledon, Ontario

Photo of Reach THRE-1-1 facing upstream from the culvert at Columbia Way. Note the
limited valley form and riparian vegetation.

Photo 2
Tributary of Humber River- Reach THRE-1-1
Caledon, Ontario

0

TR TR Y

Photo of Reach THRE-1-1 taken facing upstream at an approximately 0.8 m knickpoint.
Channel was eroded on both banks.
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Photo 3
Tributary of Humber River- Reach THRE-1-1
Caledon, Ontario

SO . il ]
- +4 v

Photo of Reach THRE-1-1 taken facing upstream at the knickpoint from Photo 2.

Photo 4
Tributary of Humber River- Reach THRE-1-1
Caledon, Ontario

AT UL

T

Photo of Reach THRE-1-1 taken facing upstream. The edge of the treeline to the left
represents the reach break between THRE-1-1 and THRE-1-2. The reach appeared to be
regularly ploughed to the edge of channel, which was poorly defined.

PN 25026
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Photo 5
Tributary of Humber River- Reach THRE-1-2
Caledon, Ontario

Photo of Reach THRE-1-2 taken facing upstream at the first detailed assessment cross-

Photo 6
Tributary of Humber River- Reach THRE-1-2
Caledon, Ontario

section. Water was approximately 0.4 m deep and the wetted width was 1.66 m.
3 a ] h ;) = i’[ \JA—n e ! F b

o

Photo of the left bank of Reach THRE-1-2 taken upstream of Photo 5. Trees appeared to
be leaning due to erosion of the bank. The channel widened at this location.
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1

F025 12:43

No riffle morphology was identified and channel substrate consisted of silt, clay, and some

)
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& Bee 27 2005 12:15

Photo of Reach THRE-1-2 taken facing upstream just before the reach break, where the

trees were denser and encroached the channel.
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Photo 9
Tributary of Humber River- Reach THRE-1-3
Caledon, Ontario

Photo of Reach THRE-1-3 taken facing upstream from the downstream extent of the
reach, where trees heavily encroached the channel.

Photo 10
Tributary of Humber River- Reach THRE-1-3
Caledon, Ontario

Photo of Reach THRE-1-3 taken facing upstream near the northern extent of the reach,
where the watercourse originated in an agricultural field.
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Photo 11
Tributary of Humber River, Reach—- THRF-1
Caledon, Ontario

Photograph taken facing upstream at the downstream extent of Reach THRF-1. The
channel flowed through a continuous, mature forest. Sand and gravel deposits were noted

Photo 12
Tributary of Humber River, Reach— THRF-1
B Caledon, Ontario

on the channel bed at the downstream extent of the reach.
; . = ¥ ] iy :

J

Banks were generally high and steep, and erosion was common. At this location banks
were measured to be 1.8 m.
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Photo 13

Tributary of Humber River, Reach—- THRF-1
Caledon, Ontario

Photograph taken facing the left bank (facing downstream) of a terrace cut through older
bar material.

4 g W

Photo 14
Tributary of Humber River, Reach- THRF-1
Caledon, Ontario

5 -, i Ao  # P RN maas ‘
Bed substrate ranged from silt to large boulders. Riffles were composed primarily of
cobbles, with a low level of embeddedness. Substrate fowling was not observed.
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Photo 15
Tributary of Humber River, Reach—- THRF-1
Caledon, Ontario

Photograph taken facing upstream of the first rooted knickpoint observed. The height was
0.30m

Photo 16
Tributary of Humber River,19each- THRF-1
Caledon, Ontario

D » 3 ;
> Xy S e e S adl o i - i
Exposed clay was noted throughout the channel, increasing in frequency upstream.
Channel bed morphology was primarily comprised of riffles, with few deep pools.
Measured riffle lengths were between 8.40 and 11.20 m.
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Photo 17
Tributary of Humber River, Reach— THRF-2
Caledon, Ontario

Sheg s

Photograph taken facing downstream. In the upstream portion of the reach erosion and

Photo 18
Tributary of Humber River, Reach—- THRF-2
Caledon, Ontario

undercuttlng was commonly observed Undercuts were measured up to 0.48 m.

Photograph taken facing downstream The bed substrate consisted of gravel and cobbles
and the bank substrate consisted of clay, silt, and gravel primarily.
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Photo 19
Tributary of Humber River, Reach— THRF-2
Caledon, Ontario

)

g : B 3Ty X : Y e A AT R e N
Photograph taken facing upstream. The gradient along the reach was high and
entrenchment increased at localized sections where knickpoints were present.

kS

Photo 20
Tributary of Humber River, Reach- THRF-2
Caledon, Ontario

e 4 b e s
Photograph taken facing downstream. Woody debris, leaning and fallen trees, and exposed
roots were common, with the highest concentration in the upstream section of the reach.
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Rapid Geomorphic Assessment
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Project Number:
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Date: 309€-0% -\ Stream: Teh of (-Ium%n,g ﬁ;w‘{f
Time: |2 09 Reach: THRE' =
Weather: 3¢ Scnnan] Location: Bgllon, O
Field Staff: k & N (55 Watershed/Subwatershed: g%;gﬁ {\W ég g i'fwﬁ Yes g_wy ourlet
Geomorphological Indicator Present? Factor
Hiegess No. |Description Yes No Value
1 |Lobate bar L
2 |Coarse materials in riffles embedded —no O 40§ =
Evidence of 3 |Siltation in pools Vv \/
Aggradation 4 |Medial bars M 5
(AI) 5 |Accretion on point bars —no  poyy Lot D
6 |Poor longitudinal sorting of bed materials \/
7 |Deposition in the overbank zone \V4
Sum of indices = 020
1 |Exposed bridge footing(s) A / A =
2 |Exposed sanitary / storm sewer / pipeline / etc. f\j 7A F——————
3 |Elevated storm sewer outfall(s) NJA —— ~
4 |Undermined gabion baskets / concrete aprons / etc. MN/A
Evidence.of 5 |Scour pools downstream of culverts / storm sewer outlets N4 \/
Degradation -
(DI) 6 |Cut face on bar forms _ v~ b
7 |Head cutting due to knickpoint migration U
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 = O \o™¥
1 |Fallen / leaning trees / fence posts / etc. v
2 |Occurrence of large organic debris o
3 |Exposed tree roots — owvtuy (& DS extront .
4 |Basal scour on inside meanger bends v
E\\/’J?dee”nﬁf‘;f 5 |Basal scour on both sides of channel through riffle —no ¥ 440 4 . l/,_}_
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. N/A L L
7 |Length of basal scour >50% through subject reach - only NI evvoyt \/
8 |Exposed length of previously buried pipe / cable / etc. ;\j;/.,!} —— =
9 |Fracture lines along top of bank /
10 |Exposed building foundation I\/ /f'ﬁ T
Sum of indices = DN ED
1 |Formation of chute(s) ) vd
Evidence of 2 |Single thread channel to multiple channel \/
Planimetric 3 |Evolution of pool-riffle form to low bed relief form v 2
Form 4 |cut-off channel(s) o I
AdjtJ(sE,tIr;went 5 |Formation of island(s)
6 |Thalweg alignment out of phase with meander form O
7 |Bar forms poorly formed / reworked / removed \/
Sum of indices = 0.280

Notes: S extent undebived. \w \ué e ¢l

Stability Index (SI) = (AI+DI+WI+PI)/4 =] 0.2 |

NEY DY et entvenehdd  and defiag o

In Regime In Transition/Stress |In Adjustment

Z 0.00-0.20

0 0.21 - 0.40 O 0.41

v
Senior staff sign-off (if required):

A ’ s - v -
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Rapid Stream Assessment Technique
e

Project Number:

Field Staff:

Category, c

» < 50% of bank network
stable

Recent bank sloughing,
slumping or failure
frequently observed

- Stream bend areas highly
unstable

» Outer bank height 1.2 m
above stream bank
(2.1 m above stream
bank for large mainstem
areas)

« Bank overhang > 0.8-1.0

* 50-70% of bank-rietwork
stable

* Recent signs{of bank
sloughing, siy ping or

failure fairly common——

« Stream bend areas
unstable

 Outer bank height 0.9-
1.2 m above stream
bank
(1.5-2.1 m above stream
bank for large mainstem
areas)

* > 80% of bank network
stable

» No evidence of bank

sloughing, slumping or

failure

* Stream bend areas sta ble

 Outer bank height 0.6-0.9
m above stream bank (1.2-
1.5 m above stream bank
for large mainstem areas)

« Bank overhang 0.6-0.8 m

« Height < 0.6 m above
stream (< 1.2 m above
stream bank for large

mainstem areas)
( Bank overhang < 0.6
b

Channel m + Bank overhang 0.8-0.9m B
Stability * Young exposed tree roots | . Young exposed tree roots vjﬁmlg(posed tree rootmsum‘““\  Exposed tree roots old,
abundant common  Predominantly old and ,M,_,Jarg&and_,,vygggywww
e > 6 recent Iar'ge tree falls |+ 4-5 recent large tree falls large, smaller young roots/ | . Generally 0-1 recent 13 S
X6 per stream mile per stream mile carce e N[\ tree falls per stream mile
DS * 2-3recent large tree falls  [™\___ &
e —— per stream mile &
e . Y |
|+ 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
“N.compromised e Plant/soil matrix
o e compromised
T+ 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
\Shﬂﬂed._mwwww shaped
Point range 0o o1 o2 03 04 O s W6 O7 O 8 DQDIODIIJ
* > 75% embedded (> + 50-75% embedded (60- |+ 25-49% embedded (35- » Riffle embeddedness <
O 85% embedded for large 85% embedded for large 59% embedded for large 25% sand-silt (< 35%
""“\A‘ ey mainstem areas) mainstem areas) mainstem areas) embedded for large
mainstem areas)
= — E——
'+ Few, if any, deep pools \ - Low to moderate number | . Moderate number of deep « High number of deep pools—’
{ |+ Pool substrate of deep pools pools (> 61 cm deep)
| composition >81% sand- |. Pool substrate - Pool substrate composition (> 122 cm deep for large
sut composition 30-59% sand-silt mainstem areas) _
T TT— 60-80% sand-silt « Pool substrate composition
<30% sand-silt
« Streambed streak marks | . Streambed streak marks |. Streambed streak marks - Streambed stregk marks
=hange) and/or “banana”-shaped and/or~banana’=straped——and/or->banana’ shaped and/or.~banana’-shaped.
Scogrlng/ Sediment deposits sediment deposits sediment deposits sediment deposits absent
Sedlm_ggtn common common _ uncommon '
REFRA - Fresh, large sand < Fresh, large sand “\) » Fresh, large sand deposits |« Fresh, large sand deposits
C)IL deposits very common in || deposits common in .~ uncommon in channel rare or absent from channel
\\ channel “channel » Small localized areas of « No gvndence of frgsh
% 1l 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, |. P;);Elt barslfew, ngzzgdand
to large and well-vegetated and/or stable, well-veg ed
— et Siredm bonds, s s h hig d with little or no and/or armoured with little
oderate to large and unstable with high armoured wi
e umnstable with h%h amount of fresh sand fresh sand or no fresh sand
amount of fresh sand . T
Point range OO0 01 O 2 w3 0 a4 Os oe C/" 0 -
Version #2 Senior staff sign-off (if required): _ Checked by: J Completed by: M &
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Physical
Instream
Habitat

1. Wetted perimeter < 40%

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

. Dominated by one habitat
type (usually runs) and
by one velocity and depth
condition (slow and
shallow) (for large
mainstem areas, few
riffles present, runs and
pools dominant, velocity
and depth diversity low)

. Riffle substrate
composition:
predominantly gravel
with high amount of sand

. < 5% cobble

. Riffle depth < 10 cm for
large mainstem areas

. Wetted perimeter 40-

{generally slow and
i shallow (for large J
‘mainstem areas, runs/

60% of bottom channel
width (45-65% for large
mainstem areas)
Few poGls present, riffles
and’runs dominanti \
velocity and depth

\

and pools dominant,/
veloeity and quzh/
diversity intermediate)
Riffle substrate
composition:
predominantly small
cobble, gravel and sand
5-24% cobble

Riffle depth 10-15 cm for
large mainstem areas

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

. Good mix between riffles,
runs and pools

. Relatively diverse velocity
and depth of flow

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

. 25-49% cobble

. Riffle depth 15-20 cm for
large mainstem 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) with
some overhead
cover/structure

/ . Wetted perimeter > 85% o

S
._areas)

£

bottom channel width (>
90% for large mainstem

. Riffles, runs and pool
habitat present

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

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

. > 50% cobble

. Riffle depth > 20 cm for
large mainstem areas

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

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

Moderate amount
channel alterationyand/or
moderate increasg in
point bar
formation/enlargem

o

» Slig
alteratidn and/or slight

. No channel alteration or
significant point bar
formation/enlargement

. Riffle/Pool ratio 0.49:1 ;
=151

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

. Riffle/Pool ratio 0.7-0.89:1
Sisla=1340

. Riffle/Pool ratio 0.9-1.1:1

. Summer afternoon water
temperature > 27°C

Summer afternoon water
temperature 24-27°C

. Summer afternoon water
temperature 20-24°C

. Summer afternoon water
temperature < 20°C

Point range

oo o102

o3 @ 4

o5 06

o7 0O 8

|

-

Water Quality

¢

. Substrate fouling level:
High (> 50%)

Substrate fouling level:

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

. Substrate fouling level:

Rock underside (0-10%)

. Brown colour
. TDS: > 150 mg/L

KGrey colour
« TDS: 101-150 mg/L

Moderate (21-50%)

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

o Clear flow
. TDS: < 50 mg/L

-+Objects visible to depth—
< 0.15m below surface——

Qbjects visible to depth
0.15-0.5m below surface

. Objects visible to depth
0.5-1.0m below surface

. Objects visible to depth

> 1.0m below surface

. Moderate to strong

. « Slight to moderate . Slight organic odour . No odour
organic odour organic odour
Point range .03 11 s O3 @ 4 o5 0O 6 0oz 0O 8
(Narrow riparian area of » Riparian area Forested buffer i
) . . generally . Wide (> 60 m) mature
C’;osetgtpon woody predommant_ly wood_ed > 31 m wide along major forested buffez along both
RIpaFiEn A getation but with major localized portion of both banks banks
Habitat < gag:
Conditions | Canopy coverage: . Canopy coverage: 50- Canop ;
: J : . y coverage: . Canopy coverage:
gfgg/onf:ii(iltr;?n(gﬁ):fsgor f6000/|o shadlng (30-44% 60-79% shading (45-59% >80°/[c))yshadingg(> 60% for
rlar i i
/ // areas)ge mainstem for large mainstem areas) large mainstem areas)
Point range oo m1 Oo2 0 3 Oo4 OS5 O e6 O
7
Total overall score (0-42) = \% Poor (<13) Good (25-34) Excellent (>35)
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General Site Characteristics

Project Number: )S505.6

GEO

MORPHIX"

Undercut bank

Additional Symbols

l—aate: C)’}/o‘;)/ Na% ¢ Stream: ’Y e g? ‘l*{w"\@ff Q;w P
Time: Reach: THRE-1- 3

Weather: Ve coud [caaw Location: Ro)Yon

Field Staff: A MRS Watershed/Subwatershed: B}a TN "an\»/ P‘-‘ s 0
Features Monitoring Site Sketch Compass
t:::l Reach break -0-0-0- Long-profile

R Station location l—1 Monumented XS ;"[
¥—X  Cross-section @ Monumented photo {
»  Flow direction l Monumented photo \V\ o\

~AA Riffle direction \J Vot

> Ppool W Sediment sampling \ '}?ﬁf

&>  Sediment bar OImm  Erosion pins 4 7

W Eroded bank/slope 8 scour chains (“’ Lo

_____ {

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

Tree

Instream log/tree
Woody debris
Beaver dam
Vegetated island

Flow Type

H1

Standing water H1A Back water

‘\ i \xe‘x—h“ .

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
si  silt §6  Small boulder ¥
§2 Sand S7  Large boulder AN R B { \
$3  Gravel $8  Bimodal { AL
s4  Small cobble s9  Bedrock/till ”
§5  Large cobble A D j
Other \/ ]
BM Benchmark EP Erosion pin (\ﬁ ) / ' :
BS Backsight RB Rebar 4 NGB L
DS Downstream us Upstream A a! g,
WDJ  Woody debris jam TR Terrace I 33\ L4 0 ‘ A ‘\B[ r | ‘ | l
VWC Valley wall contact FC Flood chute ‘ ./) -~ _J
BOS  Bottom of slope FP Flood plain Photos:
Eos Top of siope KP  Knick point Notes:
Version #4 Senior staff sign-off (if required): Checked by: Completed by: ___

Last edited: 21/02/2023
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GEO

M ORPHIX"

General Site Characteristics Project Number: 35’09%

Date: gj/o‘}/;)ﬂ 2§ Stream: Tew 6f  Horbe Rive”
Time: Reach: THRE ¢ -3~
Weather: 3¢ clowd/ spov! Fotstion; Baoltoa :
Field Staff: cK NRS Watershed/Subwatershed: Blach Creelt= H why [y 0"“3;
Features Monitoring Site Sketch ( ' \” ‘ Compass {
=] Reach break -0-0~0- Long-profile { \q )
R Station location l——1 Monumented XS et )
*—X Cross-section @ Monumented photo y d/ ) 17
-~ Flow direction l Mlonur.nented photo \"\:f’”(@ r >
~AP Riffle direction 5 / (
> Ppool W Sediment sampling v
@X» Sediment bar IO Erosion pins “
it Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols , a 5’*) )
EXXXXd Bank stabilization G ) Lot //
—>» Leaning tree U T
sx--X  Fence (’"“’l
L1 Culvert/outfall
Swamp/wetland
YYY Grasses
Q:} Tree ~
@ Instream log/tree 5}.(' j;’
X X % Woody debris (P,
%%  Beaver dam
&P  Vegetated island
Flow Type Voot
H1  Standing water H1A Back water i‘@‘, ‘3:&
H2  Scarcely perceptible flow V) o &
H3  Smooth surface flow
H4  Upwelling e
H5 Rippled L
H6  Unbroken standing wave
H7  Broken standing wave N
H8  Chute LA
H9  Free fall H9A Dissipates below free fall Q """" d
Substrate
S1  Silt S6  Small boulder
§2 Sand S7  Large boulder wer®
S3  Gravel S8 Bimodal
S4  Small cobble S9  Bedrock/till L
S5  Large cobble ,/ ("M by [
Other A N
BM Benchmark EP Erosion pin =
BS Backsight RB Rebar
DS Downstream us Upstream e
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:
: ot
Version #4 Completed by: __ -~

Last edited: 21/02/2023

Senior staff sign-off (if required):

Checked by:

Page i of_\fc):_

—




GEO

Reach Characteristics Project Number: 35072 b b el
Date: ylag bty Dl Field Staff: T NBS Watershed/Subwatershed: [$act (rees - el er Rives O ecflet.
Time: ) Stream: /‘:{’g% Q,? ‘%ium%?w f:’i;fwu UTM (Upstream):
Weather: %‘C C_\GL,\&/?;/\(,W Reach: THRE- 1= | UTM (Downstream):
Land Use ay Valley Type Channel Type \/\ll Channel Zone Flow Type :
p) WA Evid f Groundwater Location: Photo:
Table 1) |\Y 2| (Table 2) \ (Table 3) / (Table 4) L | (rable 5) U Y Fo P A ore
Riparian Vegetation , i Aquatic & Instream Vegetation %~ (\O\’ \“‘)\“ ' | Water Quality
Dominant Type « \(qj Coverage Channel Widths  Age (yrs) Type A Woody Debris WD Density odour Turbidity
® USEIG &) O None O1-4 O Immature (<5) (Tabfe 8) “‘J/ e(D In Cutbank O Low WDJ/50m: (Table _16) 70 (Table 17)
’1&, Enc;‘achmest N O Fragmented ;z( 4-10 O Established (5-30) © W 0 1n channel O Mod O 3@ -Q\{)j\\q’ Q(i"’//
(Table 7) ')/ O Continuous O>10 ﬁMature (>30) c°ver:ge:§2 (IO ,)Z(Not Present 0O High (D ]
Channel Characteristics
Sinuosity Type Sinuosity Degree Bank Angle Bank Erosion (Table 19) Clay/Sjlt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) ’l (Table 10) L 0o-30 0< 5% Bank O O O O O (]
Gradiant # of Channels | | 730 - 60 F( 5 - 30% Riffle O O O O O O O
(Table 11) 1 (Table 12) 060 - 90 030 - 60% Pool ] O O O ] O O
Entrenchment Bank Failure O Undercut 0 60 - 100% Bed
if no riffle-pool O = O | O (] ek
(Table 13) \ (Table 14) 1 +O\ ¢ r”,,or;ﬂi,gg;gl )Z: ey 34 \ 2 7 9
Down’s Model Bankfull Indicators Bankfull Width r 1 5 .
(¢ & (Table15) | WA (Table 18) »(S ) [\45 2l 3U¥| giglted Width {m) 157 - 28| (.6
N : Lo
\ Sed Sorting Sediment Transport e Bankfull Depth s, y D
{\E.s.\ ATable 20) MS observeaz U Yes 0 No (ot Visible (my | 0 51 0.75 0.37 N e §.09 VRS 0.¢| 0 o
N\ T ¢ _ : N
iiode (1"_:";'2’;{) /b % of Bed Active | a/(x '>‘\;fg oLy Undercuts (m) 6\’5&( Velocity (m/s) O O
Geomorphic Mass Movement Pool Depth Velocity Estimate .
Units (Table 22) o/ /b (Table 23) |\ &1 ) |04 Method | A/ %
o
Riffle-Pool \< & - b g / Meander Amplitude i
Spacing (m): (\/0\ ‘\§ %@ %/f Riffles: %% Pools: ’[V) Riffle Length (m) / / e (m) n~lG
Notes: Tce \ined Wok¥tmn  of clhaowael w1l hove . Ay . mpack or  wulibOlaments.
: =
Lhomnel  1pas  wide 8 Seekione.  inuwndayYed &  woakes __wetlond /q&:ie;g ares §? S
: U
- ST H . & P Y Fa P : .% o
L \&0\\3 Seamonal ulrlond  n Coreshd srea sdialent Vo Clhmnnel ¥ f"’ R\
Photos:
e &
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GEO

MORPHI X"
Rapid Stream Assessment Technique Project Number: 45036
Date: @ZC ’Z/é 7 Stream: fi”b (,§ l’- 7 M De s/ 7 A
Time: Reach: ’ ﬁ K E - —
e | U Clood) /Snovy | Losmion Zolt
Weather: (:/ ﬁgMg /SN ow ocation: 61N
{ i ral [
Field Staff: C'( Mﬁ)\ Watershed/Subwatershed: Glath Crecl - Humber Rier Gt et
Category Poor Fair _Good— : Excellent
» < 50% of bank network « 50-70% of bank network |.71-80% of bank netwo \ » > 80% of bank network
stable stable \ stable stable
« Recent bank sloughing, « Recent signs of bank o Infrequent signs of bank « No evidence of bank
slumping or failure sloughing, slumping or loughing, slumping or sloughing, slumping or
) \;\‘& frequently observed failure fairly common failure failure
‘\%ﬁ%"\ - Stream bend areas highly |« Stream bend areas . Stream-bend-afeas stable | . Stream bend areas very
\F*‘ D unstable unstable - Outer bank height 0.6-0.9 stable
%( N g . |+ Outer bank height 1.2 m |. Outer bank height 0.9- m above stream bank (1.2- |+ Height< 0.6 m above
‘x?‘“ "\ above stream bank 1.2 m above stream 1.5 m above stream bank stpgam (< 1.2 m above ;
S (2.1 m above stream bank for large mainstem areas) stream bank for large
a» bank for large mainstem (1.5-2.1 m above stream | . Bank overhang 0.6-0.8 m ainstem areas) ~
\ P
~ areas) bank for large mainstem + Bank overhang <676 m
« Bank overhang > 0.8-1.0 areas) s
Channel m « Bank overhang 0.8-0.9m
Stability « Young exposed tree roots |« Young exposed tree roots | « Exposed tree roots " EX d tree roots old,
abundant common predominantly ol;fa/n&: large woody
+ > 6 recent large tree falls |« 4-5 recent large tree falls large, smaller ydung roots | . Generally 0> recent large
per stream mile per stream mile scarce tree falls stream mile
« 2-3 recent large tr s |
per stream mile
« Bottom 1/3 of bank is . Bottoprrl/B‘TJf‘b’)a?kvi& » Bottom 1/3 of bank is « Bottom 1/3 of bank is
highly erodible material gé\’erally 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
compmmﬁseﬁ;._ —=iue o
« Channel cross-section is /Channel cross-section @ « Channel cross-section is « Channel cross-section is
generally trapezoidally- 7~ generally trapezmdally generally V- or U-shaped generally V- or U-shaped
shaped . Shaped =
Point range Bl 1 [ 28 fe \F ) 06 O7 B 8 O 9 O 10 O 11
‘\E‘» « > 75% embeddéd (> e 25-49% embedded (35- » Riffle embeddedness <
N 85% embedded, for large 59% embedded for large 25% sand-silt (< 35%
S > S~
N Q I mainstem areas) mainstem areas) embedded for large
N mal/em_arem"
- Few, if any, deep pools « Low to moderate number |. Moderate number of deep igh number of deep pools}
. W of deep pools pools > 61 cm deep)
~composition >81% sand? }. Pool substrate « Pool substrate composition (> 122 cm deep for large
silt _4 composition 30-59% sand-silt mainstem areas)
S s 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---.and/or. ~banana”-shaped
Sedifant | sediment deposits sediment deposits sediment deposits sediment déposits absent |
Deposition common common uncommon
J - Fresh, large sand « Fresh, large sand » Fresh, large sand deposits | . Fresh, large sand deposits
\( ':x;\ deposrts very common in deposits common in uncommon in channel rare or absent from channel
‘\.a s G AR e HCE 121115 e e Smatttocatized-areas-of......... s, 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
¢ S  Point bars present at « Point bars common, - Point bars small and stable, |+ Point bars few, small and
w &Q,V-’ most stream bends, moderate to large and well-vegetated and/or stable, well-vegetated
AN ) \Wde@t&wmgewdm~~'mmmwmm“*” Trarmoured - with Hitte 6 F /e dnd/orarmoured-with-little...|....
unstable with high amount of fresh sand fresh sand or no fresh sand
amount of fresh sand ;
Point range Oo Ooi1 0 2 O3 @ 4 O 5 O 6 O 7z O 8
RS
Version #2 Senior staff sign-off (if required): Checked by: Completed by: (/ !
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GEO

M ORPHIX"

lDate: l 20267 -1F

iPN: l PS06

Location: 1 66(+®V\

Category

Poor

Fair

Good

__Excellent

Physical
Instream
Habitat

« 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 > %f‘
bottom channel width (>
90% for large mainstem

e ——

Dominated by one habitat
type (usually runs) and
by one velocity and depth
condition (slow and
shallow) (for large
mainstem areas, few
riffles present, runs and
pools dominant, velocity
and depth diversity low)

.

Few pools resent” riffles

shallow (for large
mainstem areas, runs /

edlate)

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 substrate
composition:
redominantly.gravel

Riffle substrate
composition:
predominantly small

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

. Riffle substrate
composition: cobble,
gravel rubb!e, boulder mix

with high amount of sand
« < 5% cobble

cobble, gravel and sand
5-24% cobble

material
25-49% cobble

“Withrtittle sand

« > 50% cobble

. Riffle depth < 10 cm for

Riffle depth 10-15 cm for

1

arge mainstem areas

[arge mainstem-areas -«

Riffle depth 15-20 cm for

. Riffle depth > 20 cm for

—farge“mainstem-areas

farge athsteri 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) with
some overhead
cover/structure

°

5 Lapgeﬂ'pcﬁfé gene 61
dm deep (> 122%
!arge mainstem areas)

ood overhead rd
co CEULE o™

Extensive channel
alteration and/or point
bar
formation/enlargement

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

8fight amount of chanr@%
alteration and/or slight 1y
increase in point bar f
formation/enlargemenb 4

i
-QQ&M"MJ

s
. No channel alteration or
significant point bar
formation/enlargement

Riffle/Pool ratio 0. 49%
>1.51:1 ey ol

Riffle/Pool ratio 0.5-
0.69:15 1.31-1.5:1

. Rifﬂe/PooI ratio 0.7-0.89:1
s 1v31-1.301

Riffle/Pool ratio 0.9-1.1:1

sSummer “afternoon water
temperature > 27°C

°

Summer afternoon water
temperature 24-27°C

« Summer afternoon water
temperature 20-24°C

Summer afternoon water
temperature < 20°C

Water Quality

.e TDS: > 150 mg/L )

Point range, oo o1 0O 2 O3 0O 4 # 5 O 6 o7 O 8
/\ﬁ)“‘&v . Substrate fouling level: . Substrate fouling level: |« Substrate fouling level: « Substrate fouling level:

Q/(“ High (> 50%).. ... Moderate (21-50%) (L very light (11-20%) __~| Rock underside (0-10%)

N \m\‘“ > *ﬁ”é?awn colour » Grey colour « Slightly grey colour « Clear flow

) TDS: 101-150 mg/L « TDS: 50-100 mg/L « TDS: < 50 mg/L

. Objects visible to depth

Objects visible to depth

« Objects visible to depth

Objects visible to depth

\‘@w < 0.15m below surface 0.15-0.5m below surface 0.5-1.0m below surface > 1.0m below surface
bg‘;‘ « Moderate to strong . Slight to moderate ,w“StTQﬁTorganic dasﬁ“r"\ « No odour
. organic odour organic odour e
Point range oo o1 0 2 O3 0O 4 B 5 0O 6 o7z O 8
. Narrow riparian area of /‘bearxan area h . Forested buffer generally « Wide (> 60 m) mature
mostly non-woody / predominantly wooded } > 31 m wide along major forested buffer along both
y vegetation K but with major Iocahzed portion of both banks banks
Riparian |__gaps e P T
Habitat E— :
Cor?di‘tizns . Canopy coverage: . 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 areasz,f large mainstem areas)
areas) S S
Point range oo O 1 02 ®H 3 & 4 O 5 0Oe6e O 7
Total overall score (0-42) = ’2 CQ Poor (<13) Fair (13-24) ( Good (25-34%_ Excellent (>35)
~
>
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Rapid Geomorphic Assessment Project Number: ’; &0 6
Date: Yonc-d9- 273 Stream: Trv of Hoeor ot
Time: Reach: THRE - {~ %
Weather: 3¢ ¢ }4;,,,\@) ,f Chons Location: Rollan
Field Staff: CT MRS Watershed/Subwatershed: BIMJ‘ Creet - Hw‘hy Qw'_f @v 14,
B Geomorphological Indicator Present? Factor
ocess
r No. |Description Yes No Value
1 |Lobate bar N \J
2 |Coarse materials in riffles embedded |\)\\/ \/
Evidence of 3 |Siltation in pools / 3
Aggradation 4 |Medial bars AN | ] :
(AD) 5 |Accretion on point bars Y
6 |Poor longitudinal sorting of bed materials
7 |Deposition in the overbank zone Pt ~
Sum of indices =| | >~ 0 .%2
1 |Exposed bridge footing(s) NN
2 |Exposed sanitary / storm sewer / pipeline / etc. A /Q
3 |Elevated storm sewer outfall(s) nS 0
4 |Undermined gabion baskets / concrete aprons / etc. s
g(\e/;;dreagcaetigf} 5 |Scour pools downstream of culverts / storm sewer outlets 7\J {A Q)
(DI) 6 |Cut face on bar forms I
7 |Head cutting due to knickpoint migration
8 |Terrace cut through older bar material
9 |Suspended armour layer visible in bank
10 |Channel worn into undisturbed overburden / bedrock
Sum of indices =| ) ] &)
1 |Fallen / leaning trees / fence posts / etc.
2 |Occurrence of large organic debris
3 |Exposed tree roots
4 |Basal scour on inside meander bends /
E\\//\;?deennciigof 5 |Basal scour on both sides of channel through riffle OVAN 7'/6
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. A /o
7 |Length of basal scour >50% through subject reach
8 |Exposed length of previously buried pipe / cable / etc. N/ A
9 |Fracture lines along top of bank
10 |Exposed building foundation O /e
Sum of indices =| 7 Y O3
1 |Formation of chute(s) -
Evidente of 2 |Single thread channel to multiple channel /
Planimetric 3 |Evolution of pool-riffle form to low bed relief form L
Form 4  |Cut-off channel(s) | 1/6
AdJLEitI")nent 5 |Formation of island(s) - ‘\,\ ?0@\ W
6 |Thalweg alignment out of phase with meander form —
7 |Bar forms poorly formed / reworked / removed (M\) )
Sum of indices =| | Y O &
Notes:  (ianne] covered by 000, inydutec)  [Stability Index (ST) = (AT+DI+WI+PT)/4 =[0. 94
l;,\l, (N wierla o - ' 4 gt / nords ‘g i In Regime | In Transition/Stress |In Adjustment
S 4long ! -‘ O 0.00-0.20] & 0.21-0.40 O 0.41
Version #3 Senior staff sign-off (if required): Checked by: Completed by: Cx /A l;;
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General Site Characteristics

Project Number:

L'Go9¢

GEO

MORPHIX"

o

-h )™

Date: 23/09/203¢ Stream: Ty of Howbsy Rives
Time: Reach: THR €~ 9
Weather: 3C  choud fnowd Locetion: Bolten
Field Staff: T MRS Watershed/Subwatershed: @j,w.\ Creeh = Humher R O
Features Monitoring Site Sketch Compass
f——] Reach break -0-0-o- Long-profile

R Station location L——1 Monumented XS
¥—X  Cross-section (6] Monumented photo
—% Flow direction i Monumented photo
A Riffle direction
> Pool W  sediment sampling

@B  Sediment bar IO Erosion pins
HHiH#H  Eroded bank/slope 8 Scour chains

————— Undercut bank Additional Symbols A {

Bank stabilization \ i
Leaning tree ’ \ P L

x-%--x Fence gy 'l & \\ v

L1 Culvert/outfall \ ‘ s \!
Swamp/wetland ? ‘ \\ \ |
YVV Grasses X ‘ \\\

CB Tree ) ~7

@ Instream log/tree 4 \‘ﬂ:
X X ¥ Woody debris Wt

PMN%  Beaver dam _’ {f’,xé i

QD  Vegetated island V.,
Flow Type \C/ /

H1  Standing water H1A Back water { Vi

H2  Scarcely perceptible flow L /j \ N

H3  Smooth surface flow ‘ ’[‘{._q 4

H4  Upwelling _ by ot

H5 Rippled f} '

H6  Unbroken standing wave 6;}

H7  Broken standing wave -~ fﬂy. ) {;

H8 Chute ) [+ y o\

H9  Free fall H9A Dissipates below free fall { s Lt
Substrate 0\[\

S1  Silt S6 Small boulder i

S2 Sand S§7  Large boulder 2 ) W

S§3  Gravel S8  Bimodal 9

$4  Small cobble S9  Bedrock/till

S5 Large cobble e
Other N
BM Benchmark EP Erosion pin B
BS Backsight RB Rebar N
DS Downstream us Upstream |
WDJ  Woody debris jam TR Terrace /- I
VWC Valley wall contact FC Flood chute s Y l/: v 1. J
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: “(j___
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GEO

Reach Characteristics Project Number: 2 502 G N L
Date: QoS -0 -2 F Field Staff: cx MBS Watershed/Subwatershed: | H L. Rl o~
Time: Stream: Te b {gfw‘kﬁ( / Rg.@f UTM (Upstream):
Weather: 2 dond [<now Reach: THRE-1-3 UTM (Downstream):
Land Use 1. Valley Type Channel Type Channel Zone Flow Type . ;
[ Evidence of Groundwater Location: Photo:
(Table 1) - (Table 2) ] (Table 3) | (Table 4) \ (Table 5) fb v
Riparian Vegetation ! ] Aquatic & Instream Vegetation , I Water Quality Q{(} 7.7
Dominant Type [ 3 Coverage Channel Widths Age (yrs) Type 1 Woody Debris WD Density Odour —=" Turbidity
(Table 6) QL 0 None }Zrl -4 Q/Immature (<5) (Table 8) 0 Ih Cutbank )Z/Low WDJ/50m: (Table 16) (Table 17)
AFragmented D4-10 O Established (5-30) In Channel O Mod O
Encroachment ) Reach | 72 O ]
(Table 7) L'\ O Continuous O>10 Q/Mature (>30) Coverage % 2 O Not Present 0O High
Channel Characteristics
Sinuosity Type { Sinuosity Degree ( Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) (Table 10) 0 - 30 O < 5% Bank z O O O O O O
Gradient \ # of Channels 030 - 60 ;z( 5-30% Riffle O ] O O O O O
(Table 11) (Table 12) \ 060 - 90 030 - 60% Pool | O O ) £l O O
i 0O Und t 0060 - 100% Bed
el Sathehie 4. ol : tromos O o o O O o
(Table ) 6 V{d o) CO L‘if«.”f&( morphology)
Down’s Model Bankfull Indicators | " Bankfull Width = .
(Table 15) | VA (Table 18) | D¢ D (m) 1.3 Wetted Width (m) | (, 34
N
o Sed Sorting Sediment Transport / pns Bankfull Depth b
/‘(\PZ/L, i (Table 20) \)Jﬁ ok e s O Yes O No 1§(Not Visible e O,Q— Wetted Depth (m) 0_,{ .)
f
\_/ Mode.‘(:'?b‘lsepgg % % of Bed Active ?\_} Undercuts (m) Velocity (m/s) Q
<,
Geomorphic % Mass Movement /)®d Pool Depth / Velocity Estimate
Units (Table 22) S E”L (Table 23) (’\ N (m) Method
\,é’ :{ =
Riffle-Pool o f . : Meander Amplitude
Spacing (m); (\/O\ '(k %{/w‘ % Riffles: (\yl O] o Pools: Al = | Riffle Length (m) / B () /
(Y :
L% p = 2 =~
Notes: L emrlh  rousre) A snduy  partially fry
= : - :
= /
Photos:
<
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Rapid Geomorphic Assessment Project Number: 240 ¢ nenrm
Date: 106 74- g2~ T Stream: TFI )0 5,( Hm/z- ’i(u/]g,w /(;g/m/
Time: Reach: THRE -1-%
Weather: 2 C c\e U»é\_ / ¢ngws |Location: ]fg if ;"fan
Field Staff: Wy ng 5 Watershed/Subwatershed: ﬁ"d /’é{ g recl. /fé,méa/ z,'b,gf.» 45,*!%’”/'@?
Geomorphological Indicator Present? Factor
PASERSS No. |Description Yes No Value
1 |Lobate bar S
2 |Coarse materials in riffles embedded
Evidence ot 3 [Siltation in pools il
Aggradation 4 |Medial bars ~ 2/
(AD) 5 |Accretion on point bars =l 7
6 |Poor longitudinal sorting of bed materials . ~
7 |Deposition in the overbank zone \\ke,}w\é) U\E:) —7 /f’/'
“Sum of indices =| 1 = 0 1.%6
1 |Exposed bridge footing(s) Pa WAL
2 |Exposed sanitary / storm sewer / pipeline / etc. ) A
3 |Elevated storm sewer outfall(s) NG
4 |Undermined gabion baskets / concrete aprons / etc. NS A
Evidence of 5 _|Scour pools downstream of culverts / storm sewer outlets  ,, /&
Degradation
(DI) 6 |Cut face on bar forms \ 4
7 |Head cutting due to knickpoint migration ‘:}
8 |Terrace cut through older bar material “
9 |Suspended armour layer visible in bank
10 |Channel worn into undisturbed overburden / bedrock
Sum of indices =| () g O
1 |Fallen / leaning trees / fence posts / etc. /
2 |Occurrence of large organic debris ) M‘Ll on. "
3 |Exposed tree roots ~ NV
4 |Basal scour on inside meander bends - N\ /O (g'h O‘Qﬁ& im"%j\
EviQenc_e of 5 |Basal scour on both sides of channel through riffle - !
Widening AW /
(WT) 6 |Outflanked gabion baskets / concrete walls / etc. - N/A L{
7 |Length of basal scour >50% through subject reach
8 |Exposed length of previously buried pipe / cable / etc. A
9 |Fracture lines along top of bank —_
10 |Exposed building foundation - N/G
Sum of indices = \ € i
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 pd
Form 4 |Cut-off channel(s) yd 0)
Adjlﬁ)tlr)nent 5 [Formation of island(s) -
6 |Thalweg alignment out of phase with meander form 7/
7 |Bar forms poorly formed / reworked / removed = N\) i
Shar Cepc h Sum of indices = ) ) o
NotesXUicated | N AarT o wooded cectiGn | Stabllity Index (SI) = (AI+DI+WI+PI)/4 =] 0.|21)
ké)ﬂ”(‘)b\(?ff/"’A by 6o, Garasses ¥ znpg,sg\mé/p@ﬂd { In Regime In Transition/Stress |In Adjustment
canvected s (Be) B K 0.00-0.20] 0O 0.21-0.40 O o.41
(L avefed SAbL
Version #3 Senior staff sign-off (if required): Checked by: Completed by: C//( { NES
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Rapid Stream Assessment Technique

Project Number: V< 9¢

GEO

MORPHIX"

o

Date: Vo -0~ Stream: Tr. b ﬂ{ 'HMMLV Q*M
Time: Reach: THQ%‘, o |- ‘3
u 9 T "
Weathet: 2 il (?ﬁvd-»/ﬁnud sosargn: Ba)ton
Field Staff: CY nBS Watershed/Subwatershed: Rlack Crech U Rivtr Ouitthe
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 ban « No evidence of bank
slumping or failure sloughing, slumping or \sloughing, slumpﬁgdf sloughing, slumping or
frequently observed failure fairly common “failure failure
« Stream bend areas highly |« Stream bend areas « Stream bend areas stable - Stream bgg@éygry
unstable unstable » Outer bank height 0.6-0.9 stable—" N
« Outer bank height 1.2 m |. Outer bank height 0.9- m above stream bank (1.2- |+ Height < 0.6 m above
above stream bank 1.2 m above stream 1.5 m above stream bank stream (< 1.2 m above )
(2.1 m above stream bank for large mainstem areas) stream bank for large /
bank for large mainstem (1.5-2.1 m above stream |+ Bank overhang 0.6-0.8 m mainstem areas) x./’
areas) bank for large mainstem : . Bahlg_overhagg/KO.G m
« Bank overhang > 0.8-1.0 areas) e
Channel m - Bank overhang 0.8-0.9m
Stability * Young exposed tree roots |« Young exposed tree roots |« Exposee-tree-re - Exposed tree roots old,
abundant common predominantly large and woody
+ > 6 recent large tree falls |. 4-5 recent large tree falls | | large, smaller youngoots | . Generally 0-1 recent large
per stream mile per stream mile tree falls per stream mile
. recent large treé falls
« Bottom 1/3 of bank is = i - Bottom 1/3 of bank is - Bottom 1/3 of bank is
highly erodible material generally highly erodib generally highly resistant generally highly resistant
» Plant/soil matrix severely material plant/soil matrix or material | plant/soil matrix or material
compromised ant/soil matrix
co i T
+ Channel cross-section is |+ Channel cross-section is |« Channel cross-secti - Channel’cross-section is
generally trapezoidally- generally trapezoidally- generally V- or U-shdped generally’V- or U-shaped
shaped shaped
Point range Oo o1 0O 2 O3 04 OG5 06 O7 E 8 O 9 O 10 O 11
» > 75% embedded (> « 50-75% embedded (60- |« 25-49% embedded (35- «» Riffle embeddedness <
85% embedded for large 85% embedded for large 59% embedded for large 25% sand-silt (< 35%
mai e j mainstem areas) embedded for large
mainstem areas)
« Few, if any, deep pools - Moderate number of deep » High number of deep pools
» Pool substrate pools (> 61 cm deep)
composition >81% sand- « Pool substrate composition (> 122 cm deep for large
silt 30-59% sand-silt mainstem areas)
« Pool substrate composition
<30% sand-silt
- Streambed streak marks_ | . Streambed streak marks |. Streambed streak marks - Streambed streak marks
Channel __| w w ” “
; a"-shaped m-— d and/or “banana“-shaped
Scouring/ . . : : : . ;
Sedifment sediment deposits sediment deposits sediment deposits
Deposition common common uncommon
- Fresh, large sand - Fresh, large sand « Fresh, large sand deposits
deposits very common in deposits common in rare or absent from channel
channel channel « No evidence of fresh
« Moderate to heavy sand « Small localized areas of sediment deposition on
deposition along major fresh sand deposits along overbank
portion of overbank area top of low banks
» Point bars present at « Point bars common, « Point bar: and stable, |+ Point bars few, small and
most stream bends, moderate to large and well-yegetated-an 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_ L or no fresh sand
amount of fresh sand D il
Point range Oo0o o1 0O 2 O 3 O 4 0O 5 B 6 O 7 0O 8
Version #2 Senior staff sign-off (if required): Checked by: Completed by: l :{ / N m
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Pete: | doac-09-2373

N

250236

] Location: 1

%ﬂi ton

Category

Poor

Fair

Good

Excellent

Physical
Instream
Habi

At

« 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)

Wefted perimeter 61<85%
of bottom channel width
(66~90% for Iarge

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

type (usually runs) and

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

Dominated by one habitat

by one velocity and depth

o

Few pools present riffles
ns dominants,
elocity and depth \
generally slow and
shallow (for large |
mainstem areas, runs
and pools dominant,
celocity and depth
diversity mtermedlate)

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 substrate
composition:

Riffle substrate

Riffle substrate

--COmposition: good mix of

—+—predominantly gravel

with high amount of sand
« < 5% cobble

ition.:
compositi :

predominantly small
cobble, gravel and sand
5-24% cobble

gravel, cObBIe, and-rubite=-—
material
25-49% cobble

« Riffle substrate
composition: cobble,
-~gravel, rubble, boulder mix
with little sand—===""_
« > 50% cobble

large mainstem areas

oRiffle-depthe<1-0-eP-form|

large mainstem areas

| o-Riffle-depth-10=15-Crm or |+

Riffle depth 1520 " Cmi foreu.

large mainstem areas

... Riffle depth > 20 cm for
large mainstem aréas

. Large pools generally <

--30.cm deep.(<.61 cm for

Large pools generally 30-
46 cm deep (61-91 cm

large mainstem areas)
and devoid of overhead
cover/structure

areas) with little or no
overhead cover/structure

Large pools generally 46-61
cm deep (91-122 cm for

for large matfstenT="|""Targe marnstern-areas) With |

some overhead
cover/structure

» Large pools generally > 61
cm deep (> 122 cm for

““targe.mainstem-areasy-with.,
good overhead
cover/structure

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

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

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

No channel alté?éﬁea,q

significant point bar )
\f\ormatlon/enlargemery/

>1.51:1

0.69:11.31-1.571

A s iAe

-—RiffteyPoot Fatio 0.7=0789 < Rifffe/Poot-ratio-0:9-3-1-1-

Summer afternoon water

temperature > 27°C

temperature 24-27°C

Summer-afternoon-wate{o- Sammer‘aﬂ*enﬁﬁﬁ wa

m;xfmt(&m!wﬂu

er
temperature 20-24°C

< Summer-afternoon water
temperature < 20°C

Point range oo O1 0 2 8 3 O 4 O 5 0O 6 o7 0O 8
.,A
. Substrate fouling level: . Substrate fouling level: » Substr; fouling levi « Substrate fouling level:
High (> 50%) Moderate (21-50%) Verylight (11-20%) Rock underside (0-10%)
« Brown colour . Grey colour « Slightly grey colour » Clear flow
ek ‘ . TDS: > 150 mg/L . TDS: 101-150 mg/L . TDS: 50-100 mg/L g . TDS: < 50 mg/L
Aering IL{) » Objects visible to depth . Objects visible to depth |« Objects visible to depth . Objects visible to depth
dgﬂj&, < 0.15m below surface 0.15-0.5m below surface 5-1,0m below surfacg/ > 1,0m below surface
« Moderate to strong . Slight to moderate . SIightEga.nigwpggww « No odour
organic odour organic odour
Point range oo O1 O 2 o3 0 4 m 5 0O 6 0oz 0O 8
« Narrgw riparian ar?:?bf . Riparian area . Forested buffer generally . Wide (> 60 m) mature
mostly non- woody ' predominantly wooded > 31 m wide along major forested buffer along both
vegetaﬂon 4 but with major localized portion of both banks banks
Riparian - gaps
Habitat S
Conditions « Cahopy coverag . Canopy coverage: 50- . Canopy coverage: . Canopy coverage:
50% shading ( O°/ for 60% shading (30-44% 60-79% shading (45-59% >80% shading (> 60% for
Iarg amstem ari for large mainstem for large mainstem areas) large mainstem areas)
o, areas)
Point range Ooo @ 1 Ee2s 6 3 0o 4 OS5 0oe6e 0O 7
Total overall score (0-42) = 'L/f) Poor (<13) &Falr (13 th Good (25-34) Excellent (>35)
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General Site Characteristics

Project Number: 15076

GEO

MORPHIX"

Date: VD253 26 Stream:
Time: 1760 Py Reach: TWRE-L
Weather: O € S Location: "if} G
Field Staff: T N&S Watershed/Subwatershed:  |l./) (/44 - Hk—fﬁf’é‘ﬁv’ f;afjwﬂr 0».“’ , j,
A 7
Features Monitoring Site Sketch VS %K 4 }? ,},rge 99621 a i Ta8
f=— Reach break -0-0-0- Long-profile Ll from !
R Station location }———1 Monumented XS 1
¥ Cross-section @ Monumented photo O ,%,g e
> Flow direction i Monumented photo :
A Riffle direction
> Pool W Sediment sampling Y
B  Sediment bar IO Erosion pins : [.2m lenqt,
it Eroded bank/slope 8 Scour chains 0'6‘{ depth
————— Undercut bank Additional Symbols
XXX Bank stabilization e ) SR .
=3» Leaning tree . M(Qmw \/“&((: O !‘”
X-3e-X  Fence
L__I Culvert/outfall X ’
Swamp/wetland \‘,f < (i/ ol 5 @
YVVY Grasses o™ t LA
€3 Tree / a1 shesl kP:O,’S
= Instream log/tree /
X X ¥ Woody debris ;
2% Beaver dam 4
&P Vegetated island . !
Flow Type @ / 0 e _ T)'M“YM erosic A
H1  Standing water H1A Back water by
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 S6  Small boulder

S2 Sand 87  Large boulder

S3  Gravel S8 Bimodal

S4  Small cobble
S5 Large cobble

S9  Bedrock/till

Other

BM Benchmark
BS Backsight
Ds Downstream

WDJ  Woody debris jam
VWC Valley wall contact
BOS  Bottom of slope
TOS  Top of slope

EP Erosion pin
RB Rebar

us Upstream
TR Terrace

FC Flood chute
FP Flood plain

KP Knick point

Photos:

Notes: T ypopsed <yl Lusl .,

lor _all _of the react. liray size

onged  sitf L

/&/";’L’, 55’(4 fé{ ers

enlbreached, erscim on mast bands

us Jorti o

of (eocl

lot taun e very ey,o%m(’

Version #4
Last edited: 21/02/2023
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General Site Characteristics

Project Number: {5076

Date: 6719-03-724 Stream:
Z A
Time: Reach: IHQ@ A
Weather: 0 (C S Location: @) p{(fm\ .
i : et NEg~© watershed/subwatershed: |11l (rech- Wby, Lo () H”f
Field Staff: &'} 3 atershed/Subwatershed: @(M(& €Ll - Doy g UG
Features Monitoring Site Sketch Compass
;__—__:1 Reach break -0-0-0- Long-profile 1.0
R station location l——1 Monumented XS Handing \:’,"é’tiohmm
%] [
¥——X Cross-section @ Monumented photo 'mj‘_,\; e .,\,‘a‘L?
¥ Flow direction i Monumented photo '}‘(”‘j &A = (3’?;‘-‘ o
A piffle direction ] =0 ¥
> Pool W sediment sampling ‘2
&>  Sediment bar IO Erosion pins i~ £
it Eroded bank/slope 8 Scour chains }/ o
————— Undercut bank Additional Symbols ES ;; i SI-6 o gaader
EXXXXA Bank stabilization ol 3
. & @ ,?J\ c\@j
=»» Leaning tree b
X-3-X  Fence
L__1 Culvert/outfall
Swamp/wetland
YVYV Grasses
€3 Tree o Aeld
©= Instream log/tree g\ L0 %L
XX ¥ Woody debris
D%  Beaver dam sl-1 o eber incCenses
QP  Vegetated island H’L’d ger”
Flow Type ""e;{'d %'7?‘5‘44
H1  Standing water H1A Back water
H2  Scarcely perceptible flow = 0.6
57 1 WO
H3  Smooth surface flow X2L " e d =G0
H4  Upwelling o cho’ﬂf‘;\
H5 Rippled bho = .29 o
H6  Unbroken standing wave v> 0.5l -
H?7  Broken standing wave
H8 Chute i elo
. posed /
H9  Free fall H9A Dissipates below free fall (‘X!” 4
Substrate
S1i Silt S6 Small boulder =
S2  Sand S7  Large boulder "W V
S3  Gravel S8  Bimodal 7
S4  Small cobble S9  Bedrock/till a wer = 1,59
B " E L
S5 Large cobble Qb A8l g oog
Other “T 2% ]
— bfd =0.4¢ L. |
BM Benchmark EP Erosion pin vz 0.0%2m | |
BS Backsight RB  Rebar *
DS Downstream us Upstream y 8 4m ]
WDJ  Woody debris jam TR Terrace / C [ [ [ [ [
VWC Valley wall contact FC Flood chute ) L‘\“'
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: __SSO__ Completed by: 4 4\

Last edited: 21/02/2023

Page _2_ of L_\




General Site Characteristics

GEO

M ORPHIX"

Project Number: 1016

Date: W1s-0%-16 Stream:
Time: Reach: THAT -
Weather: O C Lt Location: A olton
Field Staff: T NRS Watershed/Subwatershed: B0k ( ook [/ [{ wer bidle/
Features Monitoring Site Sketch Compass
;:_:1 Reach break -0-0-0- Long-profile
R Station location }——] Monumented XS
¥—X  Cross-section (©) Monumented photo
> Flow direction Monumented photo
A Riffle ¢ direction s Learel
> Ppool W  Sediment sampling é-{a’?
&  Sediment bar OO Erosion pins "~
Hiti#H#  Eroded bank/slope 8 Scour chains 'Q_—M £ }rml b}

————— Undercut bank Additional Symbols

EXXZX Bank stabilization
>

Leaning tree

X% Fence
Culvert/outfall

P |
Swamp/wetland
YVY Grasses

Tree

3
== Instream log/tree

X X ¥ Woody debris
2%  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 % \;%’%\—‘L)m deyh of acktment {f)

H9  Free fall H9A Dissipates below free fall ¥
Substrate

s1i Silt S6  Small boulder

S2  Sand S7 Large boulder

S3  Gravel S8  Bimodal £ b

S$4  Small cobble S9  Bedrock/till U

S5 Large cobble e
Other (2 ]
BM Benchmark EP Erosion pin ,.M/; =
BS  Backsight RB  Rebar N
DS Downstream us Upstream i
WDJ  Woody debris jam TR Terrace L B
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KpP Knick point Notes:

Version #4 Senior staff sign-off (if required): Checked by: _ SSO Completed by: L:r__
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GEO

MORPHIX"

General Site Characteristics Project Number: 1507C
Date: 162505l Stream:
Time: Reach: THET - |
Weather: G'C sun Location: ¥.eolkon
Field Staff: (1 QE.S Watershed/Subwatershed:  [B..) ( cecle - Homber ok
Features Monitoring Site Sketch Compass
l:‘ Reach break -0-0-0~ Long-profile
R Station location }——1 Monumented XS
¥—X  Cross-section @ Monumented photo
—> Flow direction l Monumented photo
SN piffle direction
> Pool W sediment sampling
&> Sediment bar O Erosion pins
#HitiH  Eroded bank/slope 8 Scour chains
————— Undercut bank Additional Symbols
EXXXXN Bank stabilization
=3» Leaning tree
XX Fence
IL__1 Culvert/outfall
Swamp/wetland
YVV Grasses
€3 Tree ¢
@ Instream log/tree \_,5“ !
X X ¥ Woody debris
o¥%  Beaver dam
D Vegetated island
Flow Type
H1  Standing water H1A Back water ﬁ&‘%
H2  Scarcely perceptible flow {ziﬁﬂ;«' ?
H3  Smooth surface flow T e Md{&w
H4  Upwelling o
H5 Rippled f\&g«g; -\
H6  Unbroken standing wave
H7  Broken standing wave
H8 Chute
H9 Free fall H9A Dissipates below free fall
A z0.09
Substrate \N\u - 0.779
s1  silt $6  Small boulder vid =0.37
S2 Sand S7 Large boulder %Dgw #\.59
S$3  Gravel S8  Bimodal w =0.0772m/s
$4  Small cobble S9  Bedrock/till
S5  Large cobble T
Other o
BM Benchmark EP Erosion pin e
BS  Backsight RB  Rebar N
DS Downstream us Upstream 2
WDJ  Woody debris jam TR Terrace ¢ RN
VWC Valley wall contact FC Flood chute b
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: SSO Completed by: [/T

Last edited: 21/02/2023
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GEO

MOQRPHIX"

Project Number: 'z 56 'Z, G

Reach Characteristics

Date: q615-63-16 Field Staff: ct N 11,3‘, Watershed/Subwatershed: |Block (reel - Huméff Eiu‘d/ {jﬁﬁ«igi
Time: 2200 g Stream: TIrib of Cold Cereeh UTM (Upstream):
Weather: O°C %U/Vl Reach: TH?ZF - UTM (Downstream):
sME 104 Stal Ai
Land Use (5 Valley Type 1 Channel Type ..7 Channel Zone (L Flow Type /L EZT/Evidence of Groundwater Loca'ﬁgn Photy: ’\3
(Table 1) (Table 2) (Table 3) (Table 4) (Table 5)
Riparian Vegetation 1 L Aquatic & Instream Vegetation —<ome. rootler e:l Water Quality
Dominant Type 1 Coverage Channel Widths Age (yrs) Type A /& Woody Debris WD Density Odour Turbidity
(Table 6) O None O1i-4 O Immature (<5) (Table 8) O In Cutbank )ZLOW WDJ1/50m: (Table 16) (Table 17)
Ehcroschment O Fragmented 04 -10 O Established (5-30) In Channel O Mod 1 ] ']
(Table 7) 2 ﬂContinuous )2(> 10 )ZI Mature (>30) Cover:ge:iz O O Not Present [1 High
[ Channel Characteristics
¢ Sinuosity Type Sinuosity Degree Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
o (Tables) | | (Table 10) | Z- 0o-30 O < 5% Bank Juaf O O O jvd ral a
N )
A Gradient # of Channels 030-60 05-30% Riffle = g a | p E yrg
& (rable 11) | ). (Table 12) | | 760 - 90 0 30 - 60% Pool =z |7 S | O pral O
™ N . - o
\)( Entrenchment Bank Failure O Undercut JZ(60 100% . ] Bed
(Table 13) % (Table 14) |O& odille iy, o res. H = U = d = L3
J J rphology)
Down’s Model Bankfull Indicators Bankfull Width . <
(Table 15) | € (Table 18) |45, oy | & 5 1424 |.57 Wetted width (m) | [, SY | 6.C t.@
Seg:;:%g p.5.| SedimentFransort  ves ZfNo ONotvisible ~ Bankfull De(':f"; 0.4 |ozy (.3%| Wetted Depth (m) | O.04 0.1 0.7
z - 2
Pl % of Bed Active | | Undercuts (m) | (), Y4 0.9 034 Velocity (m/s) |65 3l 06.03Y
Geomorphic " Mass Movement Pool Depth : = = Velocity Estimate [, A 7 (f:
Units (Table 22) lelé ;\’(P (Table 23) G (’; ’M g{»;;} {(m) Q,“L(g 0.2 0’31 Method \f‘\i& W !’J!E)
Riffle-Pool o7 ki . 0 z - v Meander Amplitude
: % Riffles: % Pools: Riffle Length (m) ||{,Z = H pod
Spacing (m): % 13 . - (m)
Notes: Veru enrtenched, M 4‘" &;Mﬂ’s expesedd 501l UO{{!/MV bur naf  exbensive wrelerco J'f'f(“‘ﬁ [or= g€ {yales
H N
of _past (o(me .W/l'«as Vnbined U PR A t/a//&;; ‘ e d” "bed paateriel vagarity ribfles”” jprrease exyosed
bard  parent’! (lée. niswin, B s SOume AT Yeccaces yiable : H’"\\ﬁé’zc"d‘l! chonnel S"@"‘P’e 1 nsickly
steep  banks - =
Photos:
Version #4 Senior staff sign-off (if required): Checked by: __SSO _ cCompleted by: _ &1
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Rapid Stream Assessment Technique

Project Number:

750726

GEO

MORPHIX™

Date: 2015-0%-1¢ Stream:
Time: 1:00 pm Reach: THRE-I
Weather: 6°C Sun Location: B 55
Field Staff: ct MBS Watershed/Subwatershed: %{ ack Ceeely - ”u.l«é er ’y"iu - ﬁp‘j{/g?{
Category Fair Good Excellent
« 50-70% of bank network |. 71-80% of bank network - > 80% of bank network
stable stable stable
« Recent signs of bank - Infrequent signs of bank - No evidence of bank
sloughing, slumping or sloughing, slumping or sloughing, slumping or
failure fairly common failure failure
» Stream bend areas highly |« « Stream bend areas stable « Stream bend areas very
unstable « Outer bank height 0.6-0.9 stable
« Outer bank height 1.2 m |. m above stream bank (1.2- | . Height < 0.6 m above
above stream bank 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream for large mainstem areas) stream bank for large
bank for large mainstem 1.5-2.1m above;{o(eam » Bank overhang 0.6-0.8 m mainstem areas)
areas) bank for large majdstem - Bank overhang < 0.6 m
« Bank overhang > 0.8-1.0 | areas) Fh'/
Channel m - Bank & ang 0.8-0.9m o
Stability - Young exposed tree roots |« Young exposed tree roots | » Exposed tree roots o Exposed tree roots old,

nd

abundant

°

per stream mile

s
e

> 6 recent large tree falls

°

common
4-5 recent large tree faII
per stream mile

predominantly old an&
large, smaller young roo \
scarce

o 2-3 recent large tree fallsj
per stream mile

large and woody
Generally 0-1 recent large
tree falls per stream mile

compromised

. BGttom 1/3 of bank is
highly erodible material
- Plant/soil matrix severgly

M“‘M

°

Bottom 1/3 of bank is
generally highly erodible
material

Plant/soil matrix
compromised

« Bottom-1/3-of Bank is
generally highly resistant
plant/soil matrix or material

AS Yy oF reacdh ‘ol ¥

Bottom 1/3 of bank is
generally highly resistant
plant/soil matrix or material

orbbenva 3? tade of bhat
) i;,\\?”\x

°

>

#“Channel cross-section is

)

Iy

Channel cross-section is
generally trapezoidally-
shaped

- Channel cross-section is
generally V- or U-shaped

» Channel cross-section is
generally V- or U-shaped

of reach | generally trapezmdally-
aped e
Point range OO0 @ 1 [0 2

03 04 O5

06 O07 O 8

09 [0 10 O 11

Q{MJ ‘?()0\91

(bﬁ‘s"’c\

mainstem areas)

» > 75% embedded (>
85% embedded for large

50-75% embedded (60~
85% embedded for large
mainstem areas)

» 25-49% embedded (35-
59% embedded for large
mainstem areas)

;/Nﬁ“‘lgembeddedness <
[ 25% sand-silt (< 35%
embedded for large
ainstem areas

- Few, if any, deep
« Pool substrate

—~ silt

po

{

composition >81°/msand-

\\ﬁm

|

Pool substrate

composition
60-80% sand-silt

» Moderate number of deep
pools

« Pool substrate composition
30-59% sand-silt

« High number of deep pools
(> 61 cm deep)
(> 122 cm deep for large
mainstem areas)

« Pool substrate composition

ob® <30% sand-silt
(/\&C _— » Streambed streak marks |. Streambed streak marks |. Streambed streak marks « Streambed streak marks
Scouring/ w?%nana"-shaped and_/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped
sediment sediment deposits—___| _sediment deposits sediment deposits sediment deposits.absent-—
i common common UNCOMMBH
Deposition r—

« Fresh, large sand - Fresh, large sand - Fresh, large sand deposits ™\\. Fresh, large sand deposits
deposits very common in deposits common in common in channel ﬂ_,) rare or-ab om channel
channel channel -uhs%ﬁ‘?umﬁzed"are‘ﬁ? (/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 nk_ g
portion of overbank area top of low banks e

» Point bars present at » Point bars common, - Point bar: all 'and stable,  Point bars few, small and
most stream bends, moderate to large and well»végetated 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 Siiand _.~"Iorno fresh sand
amount of fresh sand N

Point range Ooo0o o1 g 2 O3 O 4 O 5 B 6 a7 0O 8

r’'e
Version #2 Senior staff sign-off (if required): Checked by: SSO Completed by: Q\Z N RS
Last edited: 10/02/2023
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N GEO
— .k
MORPHI X"
1 Date: l iy 933 16 ' PN: l 15016 l Location: I go Hon [
Category Poor Fair Good Excellent
- Wetted perimeter < 40% |. Wetted perimeter 40=, « Wetted perimeter 61-85% | . Wetted perimeter > 85% of
of bottom channel width ws”o% of bottom channél 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) m“areas) mainstem areas) areas)
- Dominated by one habitat | « Few poo iffles | « Good mix between riffles, « Riffles, runs and pool
type (usually runs) and and rdns dommant runs and pools habitat present
by one velocity and depth | . Vefocity 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 an ols dominant;”
pools dominant, velocity velocity and depth
and depth diversity low) diversity intermediate) )
« Riffle substrate « Riffle substrate . » Riffle substrate
composition: composition: composition: cobble,
predominantly gravel predominantly small gravel, rubble, boulder mix
Physical with high amount of sand cobble, gravel and sand with little sand
Instream . < 5% cobble + 5-249% cobble . « > 50% cobble
Agkltes fflé depth < 10 cm x|« Riffle depth 10-15 cm for |« Riffle depth 15-20 cm for |+ Riffle depth > 20 cm for
mainstem-areds’ large mainstem areas large mainstem areas large mainstem areas
- Large poetsgenéra - Large pools generally 30- |« Large pools generally 46-61 |« Large pools generally > 61
30¢c ’deep (< 61 cm for 46 cm deep (61-91 cm cm deep (91-122 cm for cm deep (> 122 cm for
larg€ mainstem areas) for large mainstem large mainstem areas) with large mainstem areas) with
and.devoid of overhegd/ areas) with little or no some overhead good overhead
cover/stru e overhead cover/structure cover/structure cover/structure
- Extensive channel - Moterate amountof— |« Slight amount of channel |- No channel alteration or
alteration and/or point channel alteration andjor | alteration and/or slight significant point bar
bar Km\oh'clirate increase |n increase in point bar formation/enlargement
formation/enlargement pofebar e formation/enlargement
formatlon/enlargement
~--RIffle/Pool ratio 0.49:1 ;<. Riffle/Pool ratio 0.5- » Riffle/Pool ratio 0.7-0.89:1 |. Riffie/Pool ratio 0.9-1.1:1
k 21511 e’ 0,69:1 ; 1.31-1.5:1 ; 1.11-1.3:1
L. Summer afternoon water | . Summer afternoon water « Summer afternoon water - Summer afternoon water
temperature > 27°C temperature 24=27°C “Ctemperatire 20=24°C = "témperature < 20°C
Point range oo o1 0 2 B 3 O 4 O5 0O 6 O 7 0O 8

Water Quality

Substrate fouling level:

« Substrate fouling level:

o Substrate fouling level:

€ubstrate fouling Ie\TT”‘\

High (> 50%) Moderate (21-50%) Very light (11-20%) Slde (0- 10%}’
« Brown colour « Grey colour - Slightly grey colour - Clear flow -
« TDS: > 150 mg/L » TDS: 101-150 mg/L « TDS: 50-100 mg/L 20..MG L o

Objects visible to.depth

o o . +.Objects.visible.to.depth.....|...Objects, visible,t0.depth . o %ngacrs,m@ble to depth
XO%\O < 0.15m below surface 0.15-0.5m below surface | 0.5-1.0m below surface > 1.0m below surface ™= «p
) » Moderate to strong - Slight to moderate « Slight organic odour . QS]O odour }
organic odour organic odour :
Point range Ooo o1 0 2 O3 O 4 Oo5 O 6 @ 7 O 8
- Narrow riparian area of - Riparian area » Forested buffer generally + Wid€ (> 60 m) maturt
mostly non-woody predominantly wooded > 31 m wide along major {forested buffer along b?t
. vegetation but with major localized portion of both banks \banst____v 5
Riparian -~
. gaps
Habitat
Conditions - Canopy coverage: - Canopy coverage: 50- - Canopy coverage: /Cﬁo—py coverage:
<50% shading (30% for 60% shading (30-44% 60-79% shading (45-59% ( >80% shading (> 60% ij
large mainstem areas) for large mainstem for large mainstem areas) targe mainstem areas)..—"7
areas) E
Point range oo o1 O 2 0O 3 04 0O 5

06 m 7

Total overall score (0-42) = ZL\

Poor (<13) (

Good (25-34)

Excellent (>35)

Version #2
Last edited: 10/02/2023

w
Senior staff sign-off (if required):
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SSO
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GEO

M ORPHIX™

- N )
Rapid Geomorphic Assessment Project Number: ZZ}(D / Q;,
Date: 72015-02-7 C Stream:
Time: 7100 gm Reach: TH RF_ [
Weather: 0C $um Location: %éﬁﬁm
£ / . . s
Field Staff: ot H{/g' Watershed/Subwatershed: @(M C’m.ak‘ ,~~/‘7/MA1£]{/ :ﬁ;i 74 ﬂp//éf
p Geomorphological Indicator Present? Factor
cess
roces No. |Description Yes No Value
1 |Lobate bar
2 |Coarse materials in riffles embedded
Evidence of 3 |Siltation in pools "’}J
Aggradation 4 |Medial bars /%
(AD) ——5—Accretiomon-peint-bars—— (\o/@g\,,f,) Por~k bm”%,
6 |Poor longitudinal sorting of bed materials
7 |Deposition in the overbank zone
Sum of indices =| 3 “3 o5
D 1 |Exposed bridge footing(s) Nlew
(,\@j(}é‘e’ b 2 |Exposed sanitary / storm sewer / pipeline / etc. /o
:K.&)U}(of)\_. 3 |Elevated storm sewer outfall(s) (\/m
4 |Undermined gabion baskets / concrete aprons / etc. Ny e
g\e/:_:;drzrc]icaiigrf\ 5 |Scour pools downstream of culverts / storm sewer outlets )/ 7/
(DI) 6 |Cut face on bar forms 5
5@.@{6 {,}c 7 _|Head cutting due to knickpoint migration
SCOLS & 8 |Terrace cut through older bar material
o o ‘I(PS 9 |Suspended armour layer visible in bank
10 _|Channel worn into undisturbed overburden / bedrock /
Sum of indices =| £ I 0.
1 |Fallen / leaning trees / fence posts / etc. /
2 |Occurrence of large organic debris
3 |Exposedtreeroots ., L
) 4 |Basal scour on inside.mearder bends - vEes, m),»m,»‘ Nno (.»-Ef ‘k‘z&f‘ﬁ' 1
Ev:fjenc_e of 5 |Basal scour on both sides of channel through riffle
Widening /7
(WI) 6 |Outflanked gabion baskets / concrete walls / etc. — r’\/o\
7 |Length of basal scour >50% through subject reach
8 |Exposed length of previously buried pipe / cable /ete. &
9 |Fracture lines along top of bank
10 |Exposed building foundation 7o
Sum of indices =| 7 0 1. D
1 |Formation of chute(s) ]
Sidusnics o 2 Slngle-thread chan'nel to multiple channel. /
Planimetric 3 |Evolution of pool-riffie form to low bed relief form v
Form 4 |Cut-off channel(s) | 4
Adjustmerit 5 |Formation of island(s) 7
(PT) - §
6 |Thalweg alignment out of phase with meander form -nl Q,\«P{j‘:f‘ NE ol ars /
7 _|Bar forms poorly formed / reworked / removed
Sum of indices =| % Y 0.429
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =l 0,.6¢
In Regime In Transition/Stress |In Adjustment
O 0.00 - 0.20 O 0.21-0.40 X 0.41
Version #3 Senior staff sign-off (if required): Checked by: SSO Completed by: (:[ / lﬁ“ ;5

Last edited: 10/02/2023




General Site Characteristics

Project Number: Ppy2a0ov ™

Date: 2028 - OW-7272 Stream: Pumber Ruver Trik
Time: Yoo Reach: THRF-2
Weather: 1R 'C sunny Location: Bolkon, ON
Field Staff: SQ QX\J Watershed/Subwatershed: Rolkon Towrn - Hu M\OE ‘%\i \WEC
Features Monitoring | site Sketch M%— Hope Qé« 1l ____ Compass ]
= Reach break -0-0-0- Long-profile j - ’ k ' CPB. il T

A Station location IL—1 Monumented XS g \( A
¥——X  Cross-section @ Monumented photo ¢ o ! y
— Flow direction i Monumented photo s
A Riffle direction
> Ppool W sediment sampling Foonk

@& Sediment bar I Erosion pins ‘-
fiHiii#  Eroded bank/slope 8 Scour chains

————— Undercut bank Additional Symbols
EXXXXN Bank stabilization a\}% e‘ﬁPOSQ&

= Leaning tree rootS
x--¥-X Fence p

L__I Culvert/outfall 5 A
Swamp/wetland ) ! A
VVV Grasses Choke S §€’n ‘v\i?}\\‘( entrenched

€3 Tree ’\\\

@ Instream log/tree
XX ¥ Woody debris

P%  Beaver dam

a» Vegetated island co ke
Flow Type PR

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 S§7 Large boulder

S3  Gravel S8 Bimodal

S$4  Small cobble S9  Bedrock/till

S5 Large cobble e
Other ]
BM Benchmark EP Erosion pin j B
BS Backsight RB Rebar Y ]
DS Downstream us Upstream e
WDJ  Woody debris jam TR Terrace L ] [ l ]
VWC Valley wall contact FC Flood chute AJ
BOS Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point o Notes:

Version #4 Senior staff sign-off (if required): Completed by: SC

Last edited: 21/02/2023
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GEO

MORPHIX"

General Site Characteristics Project Number: PN72u o4
Date: 2024 -04-22 Stream: Yromcer Rier Telo
Time: W00 Reach: THRF-2
Weather: \R'C conny Location: Rokan o\
Field Staff: K¢ j Watershed/Subwatershed: | R \len Do Huraoer Qe
Features Monitoring Site Sketch ’k‘ S e Compass
f=—— Reach break -0-0-0- Long-profile S?_—SS / j,i? Sowel &t ;muitx‘?“”
R station location I——1 Monumented XS f‘ié:f—
¥ Cross-section @ Monumented photo
—> Flow direction i Monumented photo \z/
AP Riffle direction
> Pool W Sediment sampling
@B  Sediment bar OO Erosion pins
ittt Eroded bank/slope 8 Scour chains
----- Undercut bank Additional Symbols g)

Bank stabilization
Leaning tree
¥*=-¥-X  Fence
Culvert/outfall

L
Swamp/wetland k

YVY Grasses

{:3 Tree

@ Instream log/tree
XX ¥ Woody debris
D% Beaver dam
QD Vegetated island
Flow Type

H1  Standing water H1A Back water

H2  Scarcely perceptible flow

H3  Smooth surface flow
H4  Upwelling .
H5 Rippled evkrenc

H6  Unbroken standing wave
H7  Broken standing wave

H8 Chute
H9  Free fall H9A Dissipates below free fall
Substrate
S1  Silt S6 Small boulder
S§2 Sand S§7  Large boulder
S3  Gravel S8 Bimodal
$4  Small cobble S9  Bedrock/till
S5 Large cobble
Other
BM Benchmark EP Erosion pin
BS Backsight RB Rebar
DS Downstream us Upstream \
WDJ  Woody debris jam TR Terrace “J,_l ’ l '
VWC Valley wall contact FC Flood chute L (,XQ& J
BOS  Bottom of slope FP Flood plain Photos: - i
TOS  Top of slope KP Knick point N Notes:
Version #4 Senior staff sign-off (if required): —  Checkedby: _____ Completed by: ,_SLC_

Last edited: 21/02/2023
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General Site Characteristics

GEO

MORPHIX"

Project Number: YNZuol2

iads

Dats: ZOZQWOL\ -21 Steam: Romiper Baver Teb
Time: EHele) Reach: THRF-2
Weather: \R'C  sunny Location: Bolron, ON
Field Staff: SC &}j Watershed/Subwatershed: %Q‘ﬁ o Ocen -~ Huwmber
Features Monitoring Site Sketch ‘ “»:( Compass
F—— Reach break ~0-0-o- Long-profile ) j\“

R Station location I—1 Monumented XS s/ /’“ A
¥~—X_ Cross-section @ Monumented photo / il - v
—> Flow direction i Monumented photo \ i J
A Riffle direction
> Pool W  sediment sampling

T  Sediment bar IO Erosion pins
#i#H  Eroded bank/slope 8 Scour chains

————— Undercut bank Additional Symbols
Bank stabilization

—=>» Leaning tree
X=X Fence

LI Culvert/outfall
Swamp/wetland .

YVYVY Grasses

€3  Tree

@ Instream log/tree Er Oéfd mf\kﬁ
XXX Woody debris wab‘ celoris

ha> "iﬂ R’m&f

2%  Beaver dam € Pose

QD  Vegetated island
Flow Type

H1  Standing water H1A Back water

H2  Scarcely perceptible flow \& Jrasses witkin e channel

H3  Smooth surface flow

H4  Upwelling

H5 Rippled

H6  Unbroken standing wave

H7  Broken standing wave

H8 Chute v,

H9  Free fall HYA Dissipates below free fall f
Substrate

S1  Silt S$6 Small boulder

S§2 Sand S7 Llarge boulder

S3  Gravel S8  Bimodal K ir

S$4  Small cobble $9  Bedrock/till valley wall

S5 Large cobble S\i@ r
Other ’ ,,_,ﬁ"i:?&’é A ]
BM Benchmark EP Erosion pin 4 r bé WD :
BS Backsight RB Rebar " o/ L
DS Downstream us Upstream \ /
WD3J  Woody debris jam TR Terrace [ [ l l |
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KpP Knick point Notes:
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GEO

General Site Characteristics Project Number: Dpi7u0o4% nereme
Date: 2021 -04 -2 Stream: Howloer River Tribo
Time: W00 Reach: "THRF-2
Weather: \% ‘€ Sypin q Location: %_Ox.‘q; on . ON
Field Staff: Se AN Watershed/Subwatershed: Ro\ror Tawn - Huwbpe o Rulier
Features Monitoring Site Sketch 2 d Compass
- ¢ (\ xpose
j==—= Reach break -o-0-0- Long-profile L rooks
R Station location l——1 Monumented XS 2 '\\\ ‘::_
»—* (Cross-section [9—_] Monumented photo
—* Flow direction l Monumented photo 4
A Riffle direction
> Pool W Sediment sampling JwC
@ Sediment bar I Erosion pins
it Eroded bank/slope 8 Scour chains
----- Undercut bank Additional Symbols
EXXXXd Bank stabilization
—3» Leaning tree
%X Fence
L__1 Culvert/outfall
Swamp/wetland
YVYVY Grasses
3 Tree
(_-;’.':'3 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 - g sz/en/ sy
H6 Unbroken standing wave o !
H7  Broken standing wave ?’ i
H8 Chute
H9 Free fall H9A Dissipates below free fall
Substrate
S1  Silt S§6 Small boulder
$2 Sand §7 Large boulder Loz
S3 Gravel S8 Bimodal % =
S4  Small cobble S9  Bedrock/till X ¥ L}
S5 Large cobble T c2lunls By
. larg€ N \’\"?)\"\\{ —
BM Benchmark EP Erosion pin drop uF?er kP ) enkrendned =
BS Backsight RB Rebar ‘,’,‘2" ) WAL B
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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General Site Characteristics

Project Number: Ppl2uou?

GEO

MORPHIX"

Date: 202\-OW\-Z22 Stream: Bumbber River Trlo
Time: \W\:100 Reach: "I'_HRF-2
Weather: \'C s ey Location: Bollon , OW
Field Staff: R ON Watershed/Subwatershed: |0 iton Dam- Yumber Qe
Features Monitoring Site Sketch & Compass
= Reach break -0-0-0- Long-profile
R station location L— 1 Monumented XS
*—X Cross-section (@) Monumented photo c;?"'/
— Flow direction l Monumented photo sHr/s
A Riffle direction cl |
> Pool W Sediment sampling %@) bonk Coiluve
@& Sediment bar OIOm  Erosion pins H\\ ! &
Hi  Eroded bank/slope 8 Scour chains 5P
----- Undercut bank Additional Symbols y
EXXXXA Bank stabilization o, L\
= Leaning tree w7 "
»-¥#-xX Fence Sely
L1 Culvert/outfall
Swamp/wetland sls
VVVY Grasses g_o“et ot i ¥
€3 Tree C"“:’\WAO"(\ J\;
= Instream log/tree ’ /
X X ¥ Woody debris g2
8% Beaver dam
AP 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
§2 Sand S§7 Large boulder
S§3 Gravel S8 Bimodal
S4 Small cobble S9  Bedrock/till
S5 Large cobble B
Other ]
BM Benchmark EP Erosion pin =]
BS  Backsight RB  Rebar |
DS Downstream us Upstream i
WD3  Woody debris jam TR Terrace B e ]
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: _. SC

Last edited: 21/02/2023

Page 5 of o



GEO

MORPHIX™

Rapid Geomorphic Assessment Project Number: 724013
Date: 2024- 01~ 22 Stream: Huebero Rivee eln
Time: \3. .37 Reach: THRE-2
WeasE | Sonny 16°C koption: Bolkon ON
Field Staff: A \ %’C Watershed/Subwatershed: Hurakbee Ruvec
Geomorphological Indicator Present? Factor
Process =
No. |Description Yes No Value
1 |Lobate bar X
2 |Coarse materials in riffles embedded b4
Eviderice of 3 |Siltation in pools 3 3/
Aggradation 4 |Medial bars x q'
(AD) 5 |Accretion on point bars <
6 |Poor longitudinal sorting of bed materials <
7 |Deposition in the overbank zone )(
Sum of indices =| 3 “ SARYAC
1 |Exposed bridge footing(s) N /A
2 |Exposed sanitary / storm sewer / pipeline / etc. N /p\
3 |Elevated storm sewer outfall(s) N ,/P\
4 |Undermined gabion baskets / concrete aprons / etc. N/A \
Evidence of 5 |Scour pools downstream of culverts / storm sewer outlets X /
Degradation b
(DI) 6 |Cut face on bar forms N
7 |Head cutting due to knickpoint migration >
8 |Terrace cut through older bar material %
9 |Suspended armour layer visible in bank X
10 |Channel worn into undisturbed overburden / bedrock * '
Sum of indices = \ S (OR1Sn|
1 |Fallen / leaning trees / fence posts / etc. X
2 |Occurrence of large organic debris P ¢
3 |Exposed tree roots e 5
) 4 |Basal scour on inside meander bends X /q_
E\\I/\;?de;nci?x;f 5 |Basal scour on both sides of channel through riffle N
(WD) 6 |Outflanked gabion baskets / concrete walls / etc. NAA
7 |Length of basal scour >50% through subject reach b, 4
8 |Exposed length of previously buried pipe / cable / etc. N/ A
9 |Fracture lines along top of bank X
10 |Exposed building foundation N/',L\
Sum of indices =| % 2 oW
1 |Formation of chute(s) X
T —— 2 |Single thread channel to multiple channel .4 Q/
Planimetric 3 |Evolution of pool-riffle form to low bed relief form X ":].
Form 4 |Cut-off channel(s) o
Adju(itlr;ﬁent 5 |Formation of island(s) b4
6 |Thalweg alignment out of phase with meander form <
7 |Bar forms poorly formed / reworked / removed b
Sum of indices = O “F 0.32%
Notes: Stability Index (SI) = (AI+DI+WI+PI)/4 =! 0
In Regime In Transition/Stress |In Adjustment
O 0.00-0.20 E( 0.21 - 0.40 O 0.41
_ 74
Version #3 Senior staff sign-off (if required): Checked by: Completed by:
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Rapid Stream Assessment Technique

Project Number: 74043

GEO

MORPHIX™

pate: 2021 OM\-Z¢ Stream: Hurmlser Ruwere ol
Time: 3 %Z Reach: THRF-2
Weather: s v \_°C Location: Rolton G\
Field Staff: &‘& Vsl Watershed/Subwatershed: Mo e e
Category Poor Fair Good Excellent
. < 509 - |« 50-70% of bank network |. 71-80% of bank network « > 80% of bank network
le ) \ stable stable stable
ecent bank sloughing, ‘e Recent signs of bank « Infrequent signs of bank « No evidence of bank
sfumplng or failure _~"| sloughing, slumping or sloughing, slumping or sloughing, slumping or
frequently observed™ failure fairly common failure failure

« Stream bend area,s,higﬁl"“"srrea bend areas « Stream bend areas stable « Stream bend areas very
unstable P unstabl « Outer bank height 0.6-0.9 stable

« Outer ban%eught 1.2m |. Outer bapk height 0.9- m above stream bank (1.2- | . Height < 0.6 m above
above strdam bank 1.2 m abpve stream 1.5 m above stream bank stream (< 1.2 m above
(2.1 m above stream bank for large mainstem areas) stream bank for large
bank for Iarge mainstem (1.5-27,,1’ m above stream | . Bank overhang 0.6-0.8 m mainstem areas)
areas) e t@nk*for large mainstem « Bank overhang < 0.6 m

. Bank overhang > 0.8-1.0 | “areas)

Chanhel Lor - Bank overhang 0.8-0.9m )
Stability . Ygurrg"e;poséﬂ'f?éémr”c?ats « Young exposed tree roots | « Exposed tree roots « Exposed tree roots old,
,abundant “Gpmmon predominantly old and large and woody
4 > 6 recent large tree falls |« 4-5 recent large tree falls | large, smaller young roots | Generally 0-1 recent large
| per stream mile ~ per stream mile scarce tree falls per stream mile
- 2-3 recent large tree falls
L s per stream mile

« Bottom 1/3 of banl;ei;/”f&Bottom\lB of bank is « Bottom 1/3 of bank is . Bottom 1/3 of bank is
highly erodible matérial generally highly erodlble generally highly resistant generally highly resistant

- Plant/soil matrix séverely material / plant/soil matrix or material plant/soil matrix or'material
compromised - Plant/soil matrix~

S compromlsed SU=

« Channel cross-section is ~ |+ Channel cross- secj;ton o Z"‘Chan,[)el cross-section is « Channel cross-section is
generally trapezoidally- generally trapez(ﬁdally- generally V- or U-shaped generally V- or U-shaped
shaped shaped !

Point range Oo O1 ® 2 EI3D4~~-E3-N5\ =6 5[ 7 O°8 0O 9 O 10 O 11

e > 75% embedded (> . 5/0»754'/0 “embedded (\O \‘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,,tdeéb' poé'l's;%"‘\ . LGW to moderate number |« Moderate number of deep « High number of deep pools

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

~60-80% sand-silt « Pool substrate composition
<30% sand-silt
e P— » Streambed streak marks | Streambed streak marks |. Streambed streak marks ';.«Stréé'rﬁEéd streak marks
Scouring/ and/or “banana”-shaped and/or “banana”-shaped and/or “banana”-shaped | and/or “banana”-shaped
Sedimegt sediment deposits sediment deposits sediment deposits { sediment deposits_absent
e common common uncommon N LA P
Deposition |—Mm L e — - S—

« Fresh, large sand /F‘fesh Iarge sand - » Fresh, large sand deposits | . Fresh, large sand deposits
deposits very common in | dep05|ts common in. | uncommon in channel rare or absent from channel
channel “channel- « Small localized areas of + No evidence” ofT‘r“‘sh\

- Moderate to heavy sand « Small localized areas of fresh sand deposits along sediment deposition oh»,
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 ible, [+ Point ba few, small and
most stream bends, moderate to large and well- veget%te and/or stable, well-vegetated
moderate to large and unstable with high armoured with little or no and/or drmoured with little
unstable with high amount of fresh sand fresh san or resh sand
amount of fresh sand .

Point range 00 O1 O 2 O3 O 4 K5 06— o7 O8
Version #2 Senior staff sign-off (if required): Checked by: Completed by:
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’Da““ | 2021~ Qu- 27

len: | 21007 THRF-2

|Location: ' RoVtron OWN

|

N/

°

Riffle depth < 10 cm for
large mainstem areas

« Riffle depth 10-15 cm for*
/large mainstem. areas-

« Riffle depth 15-20 cm for
large mainstem areas

Category Poor Good Excellent
- Wetted perimeter < 40% te ter'40-->__+. Wetted perimeter 61-85% |« Wetted perimeter > 85% of
of bottom channel width G,Q% of bottom channel “-.of bottom channel width bottom channel width (>
(< 45% for large W|dth (45-65% for Iarge AW‘(}66—90% for large 90% for large mainstem
mainstem areas) mamstemareas) 1" mainstem areas) areas)
- Dominated by one habitat | . Few pools pré’s“é‘r'fﬁ“ﬁfﬂes « 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 |« Vetomty and depth % Relatively diverse velocity « Diverse velocity and depth
condition (slow and (/generally slow and | and depth of flow of flow present (i.e., slow,
shallow) (for large . shallow (for large fast, shallow and deep
mainstem areas, few “mainstem areas, runs -~ water)
riffles present, runs and and pools dominant;,
pools dominant, velocity velocity and depth
and depth diversity low) diversity intermediate)
- Riffle substrate - Riffle substrate~ """}« Riffle substrate + Riffle substrate
composition: compositien:” ‘composition: good mix of composition: cobble,
predominantly gravel prederninantly small “gravel, cobble, and rubble gravel, rubble, boulder mix
Physical with high amount of sand copble, gravel and sand.~| material with little sand
Instream « < 5% cobble « 5-24% cobble-—_.. « 25-49% cobble - > 50% cobble
Habitat

Riffle depth > 20 cm for
large mainstem areas

Large pools generally <
30 cm deep (< 61 cm for

large mainstem areas) |

and devoid of overhead
cover/structure

- Large pools generaily 30—

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

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

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

Extensive channel
alteration and/or point
bar
formation/enlargement

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

e Slight amount of channel

alteration and/or slight
increase in point bar
formation/enlargement

No channel alteration or
significant point bar
formation/enlargement

3

Riffle/Pool ratio 0.49:1 ;
15134

. Riffl&/Pool ratio 0.5-
~0.69:1 ; 1.31-1.5:1

« Riffle/Pool ratio 0.7-0.89:1
#111-1.3:1

Riffle/Pool ratio 0.9-1.1:1

Summer afternoon water
temperature > 27°C

°

« Summer-afternoon water
temperature 24-27°C

» Summer afternoon water
temperature 20-24°C

Summer afternoon water
temperature < 20°C

Point range

oo o1 0 2

W3 O 4

Oo5 O e6

Oo7 0O 8

Water Quality

Substrate fouling level:
High (> 50%)

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

. Substréte fouling |é\}‘é‘r'~s}

P 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

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 dfganic odour

L No odour T

Point range 050l 1 G2 O3 0O 4 O 5 ® 6 o7 O 8
« Narrow riparian area of « Riparian area . Forested buffer generally - Wide (> 60 m) mature
mostly non-woody predominantly wooded > 31 m wide aloiig major forested buffer along both
. vegetation but with major lodallzed port|on of both-banks banks
Riparian gaps i
Habitat —
Conditions |+ Canopy coverage: - Canopy coverage: 50- _|+"Canopy coverage « Canopy coverage:
<50% shading (30% for 60% shading (30-44% | 60-79% shading (45- 59% }| >80% shading (> 60% for
large mainstem areas) for large mainstem for large mainstem ar:eas) large mainstem areas)
areas) e
Point range oo o1 iy O .3 E(4E!5 o6 O 7
Total overall score (0-42) = ZC) Poor (<13) ; /1::(’13-24) " Good (25-34) Excellent (>35)
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Last edited: 04/04/2023

Reach Characteristics Project Number:
Date: 72024 - O\- 722 Field Staff: \v SC Watershed/Subwatershed: | |, . her Pwer
Time: 2" 5-32 Stream: Teow of Hosdber Ry| UTM (Upstream): Road
Weather: Quany s ?C Reach: THRF-2 | UTM (Downstream): His
¥
Land Use Valley Type Channel Type Channeir zone Flow Type : -
E f : Photo:
(Table 1) || (Table 2) L | (Table 3) (3 | (Table 4) 2 miem | 4 | FencciERinGiasE eaton iy
Riparian Vegetation } ‘ Aquatic & Instream Vegetation l Water Quality
Dominant Type | | Coverage Channel Widths Age (yrs) Type \ Woody Debris WD Density Odour Turbidity
(Table 6) /Z O None O1-4 O Immature (<5) (Table 8) O In Cutbank O Low WDJ/50m: (Table 16) (Table 17}
Brdioschiant O Fragmented 04-10 O Established (5-30) “®LIn Channel S Mod | l l
(Table 7) 3 ™. Continuous =1 > 10 ‘Bl Mature (>30) COVQr:ge:f,z 5 O Not Present O High
Channel Characteristics
Sinuosity Type Sinuosity Degree Bank Angle Bank Erosion (Table 19)  Clay/Silt Sand Gravel Cobble Boulder Parent Rootlets
(Table 9) 5 (Table 10) 3 0o0-30 0< 5% Bank ™ O = O O (I O
Gradient 2 # of Channels 030 - 60 05-30% Riffle O O = O O [] =
(Table 11) (Table 12) | | 60 - 90 030 - 60% Pool B w© 0O O O O O
Entrenchment Bank Failure “E.Undercut =60 - 100% ~ Bed
(Table 13) | 2 (Table 14) l/é frngematd O - = = = = =
Down's Model Bankfull Indicators Bankfull Width -
(Table 15) | € (Table 18) \/"4 m | 2.4 = | q| Wettedwiath(m) )\ (530 |O48 Oy
Sed Sorting [POOT Sediment Transport k " Bankfull Depth .
(Table 209 P \‘1 Observped? [ Yes ™ No [ Not Visible (':“) O;OE, 0 3‘8 {3(91 Wetted Depth (m) | (.06 §os BQ‘-@
Transport . Y /
P (Tablepz H |3 % of Bed Active \ Undercuts (m) |\ 2 023 GL\‘E {\)HB \ée'l:%tv mss) | O G G D
Geomorphic Mass Movement Pool Depth Velocity Estimate
Units (Table 22) \ (Table 23) \ \ m |0 _\_5 0 ‘O(}l 0.\¢€ Method \'\)B \'\)—B \’OB
Sp:l‘;‘:;f:“)’: ! % Riffles: \ % Pools: \ Riffle Length (m) 572 20 / Meander Amplitzx:s K O‘,L / /
Notes: N\\q* ?\ommoj o Yrue Tine  lots of  intem Hent pools WwW 016 LS
ConfFined ! valley BW V€S 2.9
: BD oMM O.HE
2 wokecfoll Oteas  occucced. WD 002 0\
Cranael \r\\oj‘f\\\{ ecoded ® lot¥s of downoen ffees € Umps  presemd
Photos:
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Detailed Geomorphological Assessment Summary

Reach THRF-1

GEO

CRPHIX

Project Number: PN25027 Date: 2025-04-14
Client: United Holdings Inc. Length Surveyed (m): 237.7
Location: Caledon # of Cross-Sections: 8

Reach Characteristics

Drainage Area: 0.6 km? Dominant Riparian Vegetation Type: Trees
Geology/Soils: 5d Till (clay to silt texture) Extent of Riparian Cover: Continuous

Surrounding Land Use:

Valley Type: Confined

Dominant Instream Vegetation Type:

Portion of Reach with Vegetation:

None
0

Forest/Agriculture

Width of Riparian Cover:
Age Class of Riparian Vegetation:

Extent of Encroachment into Channel:

Density of Woody Debris:

>10m LB, >10m RB
Mature (>30 years)

Minimal
Moderate

Hydrology

Estimated Discharge (m3/s):
Modelled 2-year Discharge (m3/s):
Modelled 2-year Velocity (m/s):

Estimated Bankfull Discharge (m?/s):

Estimated Bankfull Velocity (m/s):

1.29
1.50

Profile Characteristics

Planform Characteristics

Bankfull Gradient (%):
Channel Bed Gradient (%):
Riffle Gradient (%):

Riffle Length (m):
Riffle-Pool Spacing (m):

3.06
2.97
2.09
4.84
0.00

Sinuosity:

Meander Belt Width (m):
Radius of Curvature (m):
Meander Amplitude (m):

Meander Wavelength (m):

Longitudinal Profile

236.0 -
235.0 A
234.0 A
233.0 A
232.0 A
231.0 A
230.0 A
229.0 A
228.0 A
227.0 A
226.0 T

Elevation (m)

Water Level

Channel Bed

vl

0 . 150
Distance (m)

250

Bank Characteristics

Minimum
0.26
30
0.16
0.05
0.14

Bank Height (m):
Bank Angle (deg):
Root Depth (m):
Root Density (%):
Bank Undercut (m):

Maximum
1.76
90
1.58
0
0.48

Average
1.29
68
0.87
0
0.26

Penetrometer Value (kg/cm3):
Bank Material (range):

Minimum
0 1

Maximum

Sand to Gravel

Average
0.4

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Bankfull Width (m):
Average Bankfull Depth (m):

Bankfull Width/Depth (m/m):

Wetted Width (m):

Average Water Depth (m):
Wetted Width/Depth (m/m):
Entrenchment Ratio (m/m):
Maximum Water Depth (m):
Manning's n:

Minimum

1.39
0.16
5
0.36
0.01
12

1.4 - 2.2 (Moderately Entrenched)

0.02

Maximum Average
4.92 3.07
0.52 0.28

30 13
4.76 1.54
0.07 0.03
159 65
0.21 0.08
0.050

Representative Cross-Section 4

233.0

232.5

232.0

full Level

231.5

Elevation (m)

231.0

N\ o
\

S

\ Water Level

230.5
0.0

2.0

4.0

6.0 8.0

Distance (m)

10.0

12.0

Substrate Characteristics

Particle Size (mm)

100

<0.2
19.1
58.9

Subpavement:
Particle Shape:
Embeddedness (%):
Particle Range (riffle):
Particle Range (pool):

Cumulative Particle Size Distribution

90

Till
Platy/Sub-Rounded
0

Clay-Small Cobble
Clay-Small Cobble

80

70

60

50
40

30
20

Percent finer

100
Grain size (mm)

1000

GEO Morphix Ltd.
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 83.90
for Dsq: 0.77 Tractive Force at 2-year flow (N/m?): --
for Dgy: 1.29 Critical Shear Stress (Dsp) (N/m?): 13.92
Unit Stream Power at Bankfull (W/m?): 126

General Field Observations

Channel Description

The subject reach was characterized by a channel with a low sinousity set within a confined, wooded valley.
Agricultural fields bordered the forest on either side of the channel. Instream vegetation was predominantly
absent for the full extent of the reach. Channel bed morphology was characterized by occasional riffle-pool
sequences and had a moderate gradient. The channel exhibited evidence of systematic widening. Bank soil
was additionally loose and exposed to flow, with bank erosion being visible throughout the reach. Flow in
the channel was minimal, and was largely only observed in riffles. Bank substrate was primarily consisted of
sand, silt, and clay materials, while bed substrate was defined by sand, gravel, cobble, and boulders.
Notably, a rooted knickpoint was observed at the downstream extent of the reach.

g U

¥

pstream

Cross Section 3 - Facin

LEs b

GEO Morphix Ltd. Page 3 of 3




Detailed Geomorphological Assessment Summary

Reach THRF-2

Project Number: PN24084 Date: 2024-11-29
Client: Bolton North Hill Landowners Group Length Surveyed (m): 113.5
Location: Caledon # of Cross-Sections: 8

Reach Characteristics

Drainage Area:
Geology/Soils:

Till (clay-silt textured clay)

0.131 km? Dominant Riparian Vegetation Type:

Extent of Riparian Cover:

Deciduous forest, shrubs
Continuous

Surrounding Land Use: Agriculture Width of Riparian Cover: >10 channel widths
Valley Type: Confined Age Class of Riparian Vegetation: >30 years
Dominant Instream Vegetation Type: None Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: 0 Density of Woody Debris: Moderate
Hydrology
Estimated Discharge (m?3/s): -- Estimated Bankfull Discharge (m?3/s): 1.77
Modelled 2-year Discharge (m3/s): -- Estimated Bankfull Velocity (m/s): 2.33
Modelled 2-year Velocity (m/s): --
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 5.79 Sinuosity: 1.20
Channel Bed Gradient (%): 5.99 Meander Belt Width (m): --
Riffle Gradient (%): N/A Radius of Curvature (m): --
Riffle Length (m): N/A Meander Amplitude (m): --
Riffle-Pool Spacing (m): N/A Meander Wavelength (m): --
Longitudinal Profile
N :222 : / Bankfull Level °
E o L
c
.g 103.0
g 1020 - Water Level
W 1010 1 J Channel Bed
1000 o
99.0 T T T T T .
0 20 40 60 80 100 120
Distance (m)
Bank Characteristics
Minimum Maximum Average Minimum Maximum Average
Bank Height (m): 0.40 2.50 1.10 Penetrometer Value (kg/cm3): Not measured - frozen banks
Bank Angle (deg): 25 90 59 Bank Material (range): Clay/silt to cobble
Root Depth (m): 0.15 1.00 0.35
Root Density (%): 5 25 13
Bank Undercut (m): 0.00 0.34 0.09
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Cross-Sectional Characteristics

Minimum Maximum Average

Bankfull Width (m): 1.49 3.22 2.26
Average Bankfull Depth (m): 0.25 0.46 0.34
Bankfull Width/Depth (m/m): 4 9 7
Wetted Width (m): Mostly dry

Average Water Depth (m): Mostly dry

Wetted Width/Depth (m/m): Mostly dry
Entrenchment Ratio (m/m): >2.2 (Slight/Low Entrenchment)
Maximum Water Depth (m): Mostly dry

Manning's n: 0.050

P

Photograph at cross-section 2

Representative Cross-Section #2

99.5

99.0 ~—_ e
~ T Bankfull Level /
£ 98.5
T ~ |/
-g 98.0
[
2 /
o 97.5 ~
97.0
96.5
0.0 2.0 4.0 6.0 8.0 10.0 12.0
Distance (m)
Substrate Characteristics
Particle Size (mm) Subpavement: clay-silt textured till
. Platy, sub-angular, angular, sub-
D H . ’ r
10 2.0 Particle Shape: rounded, rounded, well rounded
Dsp : 2.0 Embeddedness (%): 5-50
Dg4 : 46.0 Particle Range (riffle): <0.2-20.9cm
Particle Range (pool): <0.2-13cm
Cumulative Particle Size Distribution
100
90 4———
80 //
e 70 —/
g 60 —
= 50
€
8 40
5 30
& 2
10
0
1 10 100 1000

Grain size (mm)
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 191.27
for Dso: -- Tractive Force at 2-year flow (N/m?): --
for Dg,: 1.15 Critical Shear Stress (Ds,) (N/m?): 1.46
Unit Stream Power at Bankfull (W/m?): 446

General Field Observations

Channel Description
The subject reach was characterized by a sinuous channel set within an confined, forested valley. Dominant riparian
vegetation consisted of deciduous trees and shrubs, which provided good cover over the channel. Channel bed
morphology was characterized by runs near the upstream survey extent, and became dominated by riffles following
a knickpoint, then pools at the furthest downstream extent. The channel exhibited evidence of systematic
degradation with signs of recent knickpoint migration, and planform adjustment into the valley wall. Gullies on the
banks were frequent. Channel banks were generally vegetated with young herbaceous plants and exposed to flow,
with both young and old tree root exposure. The channel displayed multiple indicators associated with fair channel
health. For example, instream woody debris would provide refuge and differences in bed morphology were

observed, however the channel was dry at the time of the survey and channel degradation/erosion would result in
poor water quality.

Representative channel conditions at the time of the survey

1l .ﬁ;‘h\"‘\_. "SI N
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Detailed Geomorphological Assessment Summary

Reach: THRE-1-2

Project Number: PN25026 Date: 2025-03-14
Client: United Holdings Inc. Length Surveyed (m): 95.1
Location: Caledon # of Cross-Sections: 8

Reach Characteristics

Drainage Area: 1.592 km2 Dominant Riparian Vegetation Type: Trees
Geology/Soils: Clay to silt textured till Extent of Riparian Cover: Continuous

Riffle Gradient (%):
Riffle Length (m):
Riffle-Pool Spacing (m):

N/A - no riffles present
N/A - no riffles present
N/A - no riffles/pools present

Radius of Curvature (m):
Meander Amplitude (m):

Meander Wavelength (m):

Surrounding Land Use: Agricultural Width of Riparian Cover: 1-4 on LB, >10 on RB
Valley Type: Unconfined Age Class of Riparian Vegetation: Established (5-30 yrs)
Dominant Instream Vegetation Type: Rooted Emergent Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: 15 Density of Woody Debris: Low
Hydrology
Estimated Discharge (m3/s): 0.03 Estimated Bankfull Discharge (m?/s): 1.51
Modelled 2-year Discharge (m3/s): 0.12 Estimated Bankfull Velocity (m/s): 0.97
Modelled 2-year Velocity (m/s): 0.1
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 0.37 Sinuosity: 1.05
Channel Bed Gradient (%): 0.22 Meander Belt Width (m): See Report

N/A - straight channel
N/A - straight channel
N/A - straight channel

Longitudinal Profile

101.0
~ 1000 4 Water Level
£ J
c 901 e [ o ® —
o
'ﬁ 98.0 I N ~ AV Y VNN o~ M
>
2 970 - /
w Channel Bed
96.0
95.0 T T T T T T . . . )
0 10 20 30 40 50 60 70 80 90 100
Distance (m)
Bank Characteristics
Minimum Maximum Average Minimum Maximum Average
Bank Height (m): 0.44 2.15 1.24 Penetrometer Value (kg/cm3): Did not measure - frozen banks
Bank Angle (deg): 20 90 45 Bank Material (range): Silt to gravel
Root Depth (m): 0.20 3.00 0.53
Root Density (%): 0.2 30 15
Bank Undercut (m): 0.00 0.34 0.02
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Cross-Sectional Characteristics

Minimum
Bankfull Width (m): 1.94
Average Bankfull Depth (m): 0.29
Bankfull Width/Depth (m/m): 7
Wetted Width (m): 1.50
Average Water Depth (m): 0.21
Wetted Width/Depth (m/m): 6

Entrenchment Ratio (m/m):
Maximum Water Depth (m):
Manning's n:

0.40

Maximum Average
4.67 3.66
0.65 0.42
12 9
4.40 3.11
0.65 0.39
11 8
>2.2 (Slight/Low Entrenchment)
1.09 0.72
0.035

Photograph at cross section 1 (looking upstream)

Representative Cross-Section 1

101.0

100.5

100.0

99.5

Elevation (m)

99.0 _\\/\\'

Bankfull Level

RN — Y

%ﬁ —

98.5

N
Water Level

98.0
0.0 2.0

4.0

6.0 8.0 10.0 12.0 14.0

Distance (m)

16.0

Substrate Characteristics

Particle Size (mm)
Djo : < 2mm
Dso : <2mm

Dg, : < 2mm

100

Subpavement: N/A

Particle Shape: N/A - fine-grained substrate

Embeddedness (%): N/A - fine-grained substrate

Particle Range (riffle): N/A - no riffles, fine-grained substrate
Particle Range (pool): N/A - no pools, fine grained substrate

Cumulative Particle Size Distribution
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60

50
40

30
20

Percent finer

10 100
Grain size (mm)

1000
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 15.18
for Dso: --- Tractive Force at 2-year flow (N/m?): 78.00
for Dg,: Critical Shear Stress (Dsp) (N/m?):
Unit Stream Power at Bankfull (W/m?): 15

General Field Observations

Channel Description

The subject reach was characterized by a generally straight channel set within an unconfined forested area
between two agricultural fields. Dominant riparian vegetation consisted of trees and shrubs, which provided
good cover over the channel. Instream vegetation covered approximately 15% of the channel, generally
consisting of rooted emergent vegetation. Channel bed morphology was relatively planar, primarily
dominated by one habitat type, and one depth and velocity condition. Generally, no flow was observed. The
water level appeared high at the time of observation as inundated riparian vegetation was common. Bed
substrate was primarily silt and clay, with organics. Woody debris was noted more frequently at the
upstream extent. Bank angles generally ranged from 30 to 60 degrees and bank erosion was observed
along less than 30% of the reach.

Cross Section 4 - Facing Downstream
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Appendix F:
Conceptual Natural Corridor Design Drawings
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GENERAL NOTES

1.  THE ACCOMPANYING CHANNEL REALIGNMENT TECHNICAL DESIGN BRIEF PREPARED BY GEO MORPHIX LTD. (2025)
PROVIDES ADDITIONAL DESIGN DETAILS AND DIRECTION FOR IMPLEMENTATION AND IS TO BE REVIEWED IN
CONJUNCTION WITH THIS DRAWING SET.

2. ALL CONTRACT DRAWINGS, SPECIFICATIONS AND APPLICABLE PERMITS MUST BE KEPT ON SITE DURING
CONSTRUCTION FOR REFERENCE.

3. THE CONTRACTOR MUST NOTIFY THE DESIGNER AND CONTRACT ADMINISTRATOR OF THE INTENT TO COMMENCE
WORK AT LEAST 48 HOURS IN ADVANCE.

4. THE CONTRACTOR IS RESPONSIBLE FOR ALL UTILITY LOCATES.

5. LAYOUT MUST BE REVIEWED AND APPROVED BY THE DESIGNER / DESIGNER REPRESENTATIVE, DESIGNATED
ENGINEER, AND THE CONTRACT ADMINISTRATOR.

6. CONSTRUCTION OBSERVATION IS TO BE PERFORMED BY A CERTIFIED FLUVIAL GEOMORPHOLOGIST OR
EXPERIENCED ENVIRONMENTAL INSPECTOR UNDER DIRECTION FROM THE DESIGNER.

7. ON-SITE SUPPORT FROM PROJECT ENGINEER (E.G., GEOTECHNICAL, HYDROGEOLOGICAL, AND/OR WATER
RESOURCES ENGINEER) REQUIRED TO ASSESS AND ENSURE FAVOURABLE SURFICIAL AND SUBSURFACE
CONDITIONS TO SUPPORT CHANNEL REALIGNMENT CONSTRUCTION.

8. BE ADVISED THAT THE LOCAL REGULATORY BODY MAY, AT ANY TIME, WITHDRAW THIS PERMISSION, IF, IN THE
OPINION OF THE AUTHORITY, THE CONDITIONS OF THE PERMIT ARE NOT BEING COMPLIED WITH. THIS APPROVAL
DOES NOT EXEMPT THE PROPERTY OWNER/APPLICANT/AGENT FROM THE PROVISIONS OF ANY OTHER FEDERAL,
PROVINCIAL OR MUNICIPAL STATUTES, REGULATIONS OR BY-LAWS, OR ANY RIGHTS UNDER COMMON LAW.

TIMING OF WORKS

1.  WORKS SHALL BE COMPLETED DURING THE DESIGNATED IN-WATER WORKS WINDOW SET OUT BY MNR/DFO.

2. TREE CLEARING IS TO BE COMPLETED OUTSIDE THE BIRD NESTING SEASON (APRIL 1ST TO AUGUST 31ST) AND THE
BAT ROOSTING WINDOW (APRIL 1ST TO SEPTEMBER 30TH) TO COMPLY WITH THE FEDERAL MIGRATORY BIRDS
CONVENTION ACT AND THE PROVINCIAL ENDANGERED SPECIES ACT. ANY TREES THAT REQUIRE REMOVAL
OUTSIDE OF THIS TIMING WINDOW MUST FIRST BE INSPECTED BY A QUALIFIED BIOLOGIST TO DETERMINE THE
PRESENCE OF NESTING BIRDS OR BATS.

3. THE WEATHER FORECAST SHOULD BE CONTINUALLY MONITORED TO ENSURE THAT WORKS ARE UNDERTAKEN
ONLY DURING FAVOURABLE WEATHER CONDITIONS.

4. COMPLETE THE WORKS WITH MINIMAL AVOIDABLE INTERRUPTIONS ONCE THEY COMMENCE.

SITE AND MATERIAL MANAGEMENT

1. ALL CONSTRUCTION EQUIPMENT AND MATERIALS (IMPORTED OR EXCAVATED) MUST BE STORED AT LEAST 30 m
AWAY FROM ANY WATERBODY IN A STABLE AREA ABOVE THE ACTIVE FLOODPLAIN, OR IN A DESIGNATED
STAGING/STORAGE AREA.

2. IN THE EVENT OF AN UNEXPECTED STORM, ALL UNFIXED ITEMS THAT HAVE THE POTENTIAL TO CAUSE A SPILL OR
AN OBSTRUCTION TO FLOW MUST BE MOVED A STABLE AREA ABOVE ACTIVE FLOODPLAIN.

3. STOCKPILES MUST BE LOCATED OUTSIDE THE ISOLATED WORK AREAS.

4. STABILIZE, TEMPORARILY OR PERMANENTLY, ANY DISTURBED AREAS AS WORK PROGRESSES, OR SOON AS
CONDITIONS ALLOW.

5.  MINIMIZE THE AREA OF DISTURBANCE TO THE EXTENT POSSIBLE. ALL DISTURBED GROUND LEFT INACTIVE FOR
MORE THAN 30 DAYS SHALL BE STABILIZED USING APPROPRIATE EROSION CONTROL MEASURES AND AN
APPROPRIATE SEED MIX AS NOTED WITHIN THE FINAL APPROVED RESTORATION PLAN.

6. ALL VEGETATION, ADJACENT TO THE WORK AREA, MUST BE PROTECTED AND DELINEATED WITH CONSTRUCTION
FENCING OR TREE PROTECTION BARRIERS.

7. ALL GRADES IN THE AREA REGULATED BY THE CONSERVATION AUTHORITY MUST BE MAINTAINED OR MATCHED,
UNLESS OTHERWISE AUTHORIZED IN THE APPLICABLE PERMIT.

8. AN AFTER-HOURS CONTACT NUMBER IS TO BE VISIBLY POSTED ONSITE FOR EMERGENCIES. ALL THE PLANS
SHOULD HAVE NAME AND CONTACT INFO OF THE PERSON RESPONSIBLE FOR ESC MEASURES.

EROSION AND SEDIMENT CONTROL

1. ALL TEMPORARY EROSION AND SEDIMENT CONTROL MEASURES MUST BE INSTALLED PRIOR TO START OF WORKS.

2. FOLLOWING INSTALLATION OF THE PROPOSED ESC MEASURES, A QUALIFIED AGENT OF THE PROPONENT (E.G.
CAN-CISEC CERTIFIED MONITOR) WILL CONDUCT REGULAR SITE VISITS TO MONITOR ALL WORKS, PARTICULARLY
THE CONDITION OF THE ESC MEASURES, DEWATERING, AND IN- OR NEAR-WATER WORKS. SHOULD CONCERNS
ARISE; THE ENVIRONMENTAL MONITOR WILL CONTACT THE PROPONENT, THE CONSERVATION AUTHORITY, AND
ANY OTHER APPROPRIATE PARTIES.

3. EROSION AND SEDIMENT CONTROLS MUST BE MAINTAINED DURING CONSTRUCTION, AND ANY REQUIRED REPAIRS
OR REPLACEMENTS MUST BE COMPLETED WITHIN 24 HOURS AFTER THEY HAVE BEEN IDENTIFIED DURING THE
MONITORING.

4. EROSION AND SEDIMENT CONTROLS MAY REQUIRE PERIODIC ADJUSTMENTS TO REFLECT CHANGING SITE
CONDITIONS. THE CONTRACTOR WILL BE RESPONSIBLE FOR THESE ADJUSTMENTS TO ENSURE PROPER
FUNCTION.

5.  ANY CHANGES TO THE EROSION AND SEDIMENT CONTROL PLAN BEYOND MINOR ADJUSTMENTS MUST BE

APPROVED BY THE CONTRACT ADMINISTRATOR.

ADDITIONAL EROSION AND SEDIMENT CONTROL SUPPLIES MUST BE KEPT ON SITE IN ORDER TO FACILITATE

IMMEDIATE REPAIRS AND/OR UPGRADES AS NEEDED.

ALL TEMPORARY SEDIMENT CONTROLS MUST BE REMOVED AFTER THE CONTRACT ADMINISTRATOR DEEMS THE

SITE TO BE STABLE.

THE PROJECT PROPONENT OR THEIR REPRESENTATIVE IS ULTIMATELY RESPONSIBLE FOR CONTROLLING

SEDIMENT AND EROSION WITHIN THE CONSTRUCTION SITE FOR THE TOTAL PERIOD OF THE CONSTRUCTION.

9. IF EXCESSIVE SILTATION RESULTS FROM THE CONSTRUCTION ACTIVITIES, THE ONSITE SUPERVISOR/INSPECTOR
AND/OR THE LOCAL REGULATORY BODY RESERVE THE RIGHT TO REQUEST ADDITIONAL ESC MEASURES WHICH
WOULD BE INSTALLED PRIOR TO FURTHER CONSTRUCTION ACTIVITIES.

o

N

©

DELETERIOUS SUBSTANCE CONTROL/SPILL MANAGEMENT

1.  PREVENT THE RELEASE OF SEDIMENT, SEDIMENT-LADEN WATER, RAW CONCRETE, CONCRETE LEACHATE OR ANY
OTHER DELETERIOUS SUBSTANCES INTO ANY WATERBODY, RAVINE OR STORM SEWER SYSTEM.

2. ENSURE EQUIPMENT AND MACHINERY ARE IN GOOD OPERATING CONDITION (POWER WASHED), FREE OF LEAKS,
EXCESS OIL, AND GREASE.

3. NO EQUIPMENT REFUELLING OR SERVICING SHOULD BE UNDERTAKEN WITHIN 30 m OF ANY WATERCOURSE OR
SURFACE WATER DRAINAGE.

4. A SPILL CONTAINMENT KIT MUST BE READILY ACCESSIBLE ON SITE IN THE EVENT OF A RELEASE OF A
DELETERIOUS SUBSTANCE TO THE ENVIRONMENT. ONSITE STAFF MUST BE TRAINED IN ITS USE.

5. THE CONTRACT ADMINISTRATOR MUST BE NOTIFIED IMMEDIATELY IN THE EVENT OF A SPILL OF DELETERIOUS
SUBSTANCE. ANY SEDIMENT SPILL FROM THE SITE SHOULD BE REPORTED TO MINISTRY OF ENVIRONMENT (SPILL
ACTION CENTER) AT 1-800-268-6060.

WORK AREA ISOLATION

1. ALL WORK IN ISOLATED WORK AREAS MUST BE COMPLETED IN THE DRY. AN ADEQUATE NUMBER OF PUMPS MUST
BE USED FOR UNWATERING.

2. CROSSING AN ACTIVE WATERCOURSE OR WETLAND BY EQUIPMENT, VEHICLES, PERSONNEL, ETC. IS NOT
PERMITTED UNLESS APPROVED BY THE CONSERVATION AUTHORITY. ALL ACCESS TO WORK SITES SHALL BE FROM
EITHER SIDES OF THE WATERCOURSE OR WETLAND.

3. THE UNWATERING DISCHARGE LOCATION MUST BE LOCATED AT LEAST 30 m FROM ANY WATERCOURSE OR
WETLAND IN AN AREA WITH DENSE VEGETATIVE GROUNDCOVER, AND WHERE THE DISCHARGE CAN RETURN TO
THE WATERBODY DOWNSTREAM OF THE WORK AREA OVER THE GROUNDCOVER.

4. FISH MUST BE REMOVED FROM THE WORK AREA ONCE ISOLATED. FISH SALVAGE MUST BE COMPLETED BY A
QUALIFIED TECHNICIAN WITH A LICENSE FROM THE ONTARIO MINISTRY OF NATURAL RESOURCES.
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GENERAL NOTES

1.  THE ACCOMPANYING CHANNEL REALIGNMENT TECHNICAL DESIGN BRIEF PREPARED BY GEO MORPHIX LTD. (2025)
PROVIDES ADDITIONAL DESIGN DETAILS AND DIRECTION FOR IMPLEMENTATION AND IS TO BE REVIEWED IN
CONJUNCTION WITH THIS DRAWING SET.

2. ALL CONTRACT DRAWINGS, SPECIFICATIONS AND APPLICABLE PERMITS MUST BE KEPT ON SITE DURING
CONSTRUCTION FOR REFERENCE.

3. THE CONTRACTOR MUST NOTIFY THE DESIGNER AND CONTRACT ADMINISTRATOR OF THE INTENT TO COMMENCE
WORK AT LEAST 48 HOURS IN ADVANCE.

4. THE CONTRACTOR IS RESPONSIBLE FOR ALL UTILITY LOCATES.

5. LAYOUT MUST BE REVIEWED AND APPROVED BY THE DESIGNER / DESIGNER REPRESENTATIVE, DESIGNATED
ENGINEER, AND THE CONTRACT ADMINISTRATOR.

6. CONSTRUCTION OBSERVATION IS TO BE PERFORMED BY A CERTIFIED FLUVIAL GEOMORPHOLOGIST OR
EXPERIENCED ENVIRONMENTAL INSPECTOR UNDER DIRECTION FROM THE DESIGNER.

7. ON-SITE SUPPORT FROM PROJECT ENGINEER (E.G., GEOTECHNICAL, HYDROGEOLOGICAL, AND/OR WATER
RESOURCES ENGINEER) REQUIRED TO ASSESS AND ENSURE FAVOURABLE SURFICIAL AND SUBSURFACE
CONDITIONS TO SUPPORT CHANNEL REALIGNMENT CONSTRUCTION.

8. BE ADVISED THAT THE LOCAL REGULATORY BODY MAY, AT ANY TIME, WITHDRAW THIS PERMISSION, IF, IN THE
OPINION OF THE AUTHORITY, THE CONDITIONS OF THE PERMIT ARE NOT BEING COMPLIED WITH. THIS APPROVAL
DOES NOT EXEMPT THE PROPERTY OWNER/APPLICANT/AGENT FROM THE PROVISIONS OF ANY OTHER FEDERAL,
PROVINCIAL OR MUNICIPAL STATUTES, REGULATIONS OR BY-LAWS, OR ANY RIGHTS UNDER COMMON LAW.

TIMING OF WORKS

1.  WORKS SHALL BE COMPLETED DURING THE DESIGNATED IN-WATER WORKS WINDOW SET OUT BY MNR/DFO.

2. TREE CLEARING IS TO BE COMPLETED OUTSIDE THE BIRD NESTING SEASON (APRIL 1ST TO AUGUST 31ST) AND THE
BAT ROOSTING WINDOW (APRIL 1ST TO SEPTEMBER 30TH) TO COMPLY WITH THE FEDERAL MIGRATORY BIRDS
CONVENTION ACT AND THE PROVINCIAL ENDANGERED SPECIES ACT. ANY TREES THAT REQUIRE REMOVAL
OUTSIDE OF THIS TIMING WINDOW MUST FIRST BE INSPECTED BY A QUALIFIED BIOLOGIST TO DETERMINE THE
PRESENCE OF NESTING BIRDS OR BATS.

3. THE WEATHER FORECAST SHOULD BE CONTINUALLY MONITORED TO ENSURE THAT WORKS ARE UNDERTAKEN
ONLY DURING FAVOURABLE WEATHER CONDITIONS.

4. COMPLETE THE WORKS WITH MINIMAL AVOIDABLE INTERRUPTIONS ONCE THEY COMMENCE.

SITE AND MATERIAL MANAGEMENT

1. ALL CONSTRUCTION EQUIPMENT AND MATERIALS (IMPORTED OR EXCAVATED) MUST BE STORED AT LEAST 30 m
AWAY FROM ANY WATERBODY IN A STABLE AREA ABOVE THE ACTIVE FLOODPLAIN, OR IN A DESIGNATED
STAGING/STORAGE AREA.

2. IN THE EVENT OF AN UNEXPECTED STORM, ALL UNFIXED ITEMS THAT HAVE THE POTENTIAL TO CAUSE A SPILL OR
AN OBSTRUCTION TO FLOW MUST BE MOVED A STABLE AREA ABOVE ACTIVE FLOODPLAIN.

3. STOCKPILES MUST BE LOCATED OUTSIDE THE ISOLATED WORK AREAS.

4. STABILIZE, TEMPORARILY OR PERMANENTLY, ANY DISTURBED AREAS AS WORK PROGRESSES, OR SOON AS
CONDITIONS ALLOW.

5.  MINIMIZE THE AREA OF DISTURBANCE TO THE EXTENT POSSIBLE. ALL DISTURBED GROUND LEFT INACTIVE FOR
MORE THAN 30 DAYS SHALL BE STABILIZED USING APPROPRIATE EROSION CONTROL MEASURES AND AN
APPROPRIATE SEED MIX AS NOTED WITHIN THE FINAL APPROVED RESTORATION PLAN.

6. ALL VEGETATION, ADJACENT TO THE WORK AREA, MUST BE PROTECTED AND DELINEATED WITH CONSTRUCTION
FENCING OR TREE PROTECTION BARRIERS.

7. ALL GRADES IN THE AREA REGULATED BY THE CONSERVATION AUTHORITY MUST BE MAINTAINED OR MATCHED,
UNLESS OTHERWISE AUTHORIZED IN THE APPLICABLE PERMIT.

8. AN AFTER-HOURS CONTACT NUMBER IS TO BE VISIBLY POSTED ONSITE FOR EMERGENCIES. ALL THE PLANS
SHOULD HAVE NAME AND CONTACT INFO OF THE PERSON RESPONSIBLE FOR ESC MEASURES.

EROSION AND SEDIMENT CONTROL

-

ALL TEMPORARY EROSION AND SEDIMENT CONTROL MEASURES MUST BE INSTALLED PRIOR TO START OF WORKS.

2. FOLLOWING INSTALLATION OF THE PROPOSED ESC MEASURES, A QUALIFIED AGENT OF THE PROPONENT (E.G.
CAN-CISEC CERTIFIED MONITOR) WILL CONDUCT REGULAR SITE VISITS TO MONITOR ALL WORKS, PARTICULARLY
THE CONDITION OF THE ESC MEASURES, DEWATERING, AND IN- OR NEAR-WATER WORKS. SHOULD CONCERNS
ARISE; THE ENVIRONMENTAL MONITOR WILL CONTACT THE PROPONENT, THE CONSERVATION AUTHORITY, AND
ANY OTHER APPROPRIATE PARTIES.

3. EROSION AND SEDIMENT CONTROLS MUST BE MAINTAINED DURING CONSTRUCTION, AND ANY REQUIRED REPAIRS
OR REPLACEMENTS MUST BE COMPLETED WITHIN 24 HOURS AFTER THEY HAVE BEEN IDENTIFIED DURING THE
MONITORING.

4. EROSION AND SEDIMENT CONTROLS MAY REQUIRE PERIODIC ADJUSTMENTS TO REFLECT CHANGING SITE
CONDITIONS. THE CONTRACTOR WILL BE RESPONSIBLE FOR THESE ADJUSTMENTS TO ENSURE PROPER
FUNCTION.

5.  ANY CHANGES TO THE EROSION AND SEDIMENT CONTROL PLAN BEYOND MINOR ADJUSTMENTS MUST BE
APPROVED BY THE CONTRACT ADMINISTRATOR.

6. ADDITIONAL EROSION AND SEDIMENT CONTROL SUPPLIES MUST BE KEPT ON SITE IN ORDER TO FACILITATE
IMMEDIATE REPAIRS AND/OR UPGRADES AS NEEDED.

7. ALL TEMPORARY SEDIMENT CONTROLS MUST BE REMOVED AFTER THE CONTRACT ADMINISTRATOR DEEMS THE
SITE TO BE STABLE.

8. THE PROJECT PROPONENT OR THEIR REPRESENTATIVE IS ULTIMATELY RESPONSIBLE FOR CONTROLLING
SEDIMENT AND EROSION WITHIN THE CONSTRUCTION SITE FOR THE TOTAL PERIOD OF THE CONSTRUCTION.

9. IF EXCESSIVE SILTATION RESULTS FROM THE CONSTRUCTION ACTIVITIES, THE ONSITE SUPERVISOR/INSPECTOR

AND/OR THE LOCAL REGULATORY BODY RESERVE THE RIGHT TO REQUEST ADDITIONAL ESC MEASURES WHICH

WOULD BE INSTALLED PRIOR TO FURTHER CONSTRUCTION ACTIVITIES.

DELETERIOUS SUBSTANCE CONTROL/SPILL MANAGEMENT

1.  PREVENT THE RELEASE OF SEDIMENT, SEDIMENT-LADEN WATER, RAW CONCRETE, CONCRETE LEACHATE OR ANY
OTHER DELETERIOUS SUBSTANCES INTO ANY WATERBODY, RAVINE OR STORM SEWER SYSTEM.

2. ENSURE EQUIPMENT AND MACHINERY ARE IN GOOD OPERATING CONDITION (POWER WASHED), FREE OF LEAKS,
EXCESS OIL, AND GREASE.

3. NO EQUIPMENT REFUELLING OR SERVICING SHOULD BE UNDERTAKEN WITHIN 30 m OF ANY WATERCOURSE OR
SURFACE WATER DRAINAGE.

4. A SPILL CONTAINMENT KIT MUST BE READILY ACCESSIBLE ON SITE IN THE EVENT OF A RELEASE OF A
DELETERIOUS SUBSTANCE TO THE ENVIRONMENT. ONSITE STAFF MUST BE TRAINED IN ITS USE.

5. THE CONTRACT ADMINISTRATOR MUST BE NOTIFIED IMMEDIATELY IN THE EVENT OF A SPILL OF DELETERIOUS
SUBSTANCE. ANY SEDIMENT SPILL FROM THE SITE SHOULD BE REPORTED TO MINISTRY OF ENVIRONMENT (SPILL
ACTION CENTER) AT 1-800-268-6060.

WORK AREA ISOLATION

1. ALL WORK IN ISOLATED WORK AREAS MUST BE COMPLETED IN THE DRY. AN ADEQUATE NUMBER OF PUMPS MUST
BE USED FOR UNWATERING.

2. CROSSING AN ACTIVE WATERCOURSE OR WETLAND BY EQUIPMENT, VEHICLES, PERSONNEL, ETC. IS NOT
PERMITTED UNLESS APPROVED BY THE CONSERVATION AUTHORITY. ALL ACCESS TO WORK SITES SHALL BE FROM
EITHER SIDES OF THE WATERCOURSE OR WETLAND.

3. THE UNWATERING DISCHARGE LOCATION MUST BE LOCATED AT LEAST 30 m FROM ANY WATERCOURSE OR
WETLAND IN AN AREA WITH DENSE VEGETATIVE GROUNDCOVER, AND WHERE THE DISCHARGE CAN RETURN TO
THE WATERBODY DOWNSTREAM OF THE WORK AREA OVER THE GROUNDCOVER.

4. FISH MUST BE REMOVED FROM THE WORK AREA ONCE ISOLATED. FISH SALVAGE MUST BE COMPLETED BY A
QUALIFIED TECHNICIAN WITH A LICENSE FROM THE ONTARIO MINISTRY OF NATURAL RESOURCES.
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LOWLAND SEED MIX

LIVE STAKES (SEE DWG DET-3)

VARIABLE WIDTH . \ /' MIN. 1000 mm | 100% BIODEGRADABLE EROSION CONTROL
N j/ BLANKET (BIONET C125BN OR APPROVED

EQUIVALENT) AND LOWLAND SEED MIX

N.
OO\.UN\B\P\\N

_ HIGH WATER LEVEL v/

- ava R Jrmo e
QL _LOW FLOW CHANNEL = 550 mm7-06o5r8nr1n;nSOO o (Sie Pler) | g,\ \\/

! KEY MAP
MIN. 200 mm TOPSOIL N.T.S.

! GENERAL NOTES

1. THE ACCOMPANYING CHANNEL REALIGNMENT TECHNICAL DESIGN BRIEF PREPARED BY GEO MORPHIX LTD. (2025)
Al 150 mm Al PROVIDES ADDITIONAL DESIGN DETAILS AND DIRECTION FOR IMPLEMENTATION AND IS TO BE REVIEWED IN
CONJUNCTION WITH THIS DRAWING SET.
J ‘i ] NATIVE AL AN 2. ALL CONTRACT DRAWINGS, SPECIFICATIONS AND APPLICABLE PERMITS MUST BE KEPT ON SITE DURING
ey (L MATERIAL '/} CONSTRUCTION FOR REFERENCE.
: A A i8! 3. THE CONTRACTOR MUST NOTIFY THE DESIGNER AND CONTRACT ADMINISTRATOR OF THE INTENT TO COMMENCE
® 50% TOPSOIL WORK AT LEAST 48 HOURS IN ADVANCE.
300 mm o ‘o 4. THE CONTRACTOR IS RESPONSIBLE FOR ALL UTILITY LOCATES.
50% GRANULAR 'B 5. LAYOUT MUST BE REVIEWED AND APPROVED BY THE DESIGNER / DESIGNER REPRESENTATIVE, DESIGNATED
ENGINEER, AND THE CONTRACT ADMINISTRATOR.
6. CONSTRUCTION OBSERVATION IS TO BE PERFORMED BY A CERTIFIED FLUVIAL GEOMORPHOLOGIST OR

EXPERIENCED ENVIRONMENTAL INSPECTOR UNDER DIRECTION FROM THE DESIGNER.
7. ON-SITE SUPPORT FROM PROJECT ENGINEER (E.G., GEOTECHNICAL, HYDROGEOLOGICAL, AND/OR WATER
NOTES RESOURCES ENGINEER) REQUIRED TO ASSESS AND ENSURE FAVOURABLE SURFICIAL AND SUBSURFACE
CONDITIONS TO SUPPORT CHANNEL REALIGNMENT CONSTRUCTION.
8. BE ADVISED THAT THE LOCAL REGULATORY BODY MAY, AT ANY TIME, WITHDRAW THIS PERMISSION, IF, IN THE
OPINION OF THE AUTHORITY, THE CONDITIONS OF THE PERMIT ARE NOT BEING COMPLIED WITH. THIS APPROVAL

1. SUBSTRATES TO BE COMPACTED TO 90% SPD TO PREVENT PIPING/FLOW-THROUGH. DOES NOT EXEMPT THE PROPERTY OWNER/APPLICANT/AGENT FROM THE PROVISIONS OF ANY OTHER FEDERAL,
2. FINE NATIVE MATERIAL TO BE ADDED TO SUBSTRATE MIX TO FILL INTERSTITIAL VOIDS, AS REQUIRED. PROVINCIAL OR MUNICIPAL STATUTES, REGULATIONS OR BY-LAWS, OR ANY RIGHTS UNDER COMMON LAW.
3. GRANULAR 'B' TO BE SOURCED FROM PIT-RUN MATERIAL AND ROUNDED IN NATURE. NO CRUSHED ROCK, TIMING OF WORKS
LIMESTONE OR POST-CONSTRUCTION MATERIALS ARE TO BE USED WITHIN THE CHANNEL. MATERIAL TO BE 1. WORKS SHALL BE COMPLETED DURING THE DESIGNATED IN-WATER WORKS WINDOW SET OUT BY MNR/DFO.
2. TREE CLEARING IS TO BE COMPLETED OUTSIDE THE BIRD NESTING SEASON (APRIL 1ST TO AUGUST 31ST) AND THE
REVIEWED BY THE DESIGNER OR REPRESENTATIVE PRIOR TO INSTALLATION. BAT ROOSTING WINDOW (APRIL 1ST TO SEPTEMBER 30TH) TO COMPLY WITH THE FEDERAL MIGRATORY BIRDS
4. SEED IS TO BE PLACED PRIOR TO THE INSTALLATION OF EROSION CONTROL BLANKET. SEED DWG DET-1 FOR SEED CONVENTION ACT AND THE PROVINCIAL ENDANGERED SPECIES ACT. ANY TREES THAT REQUIRE REMOVAL
MIX SPECIFICATIONS OUTSIDE OF THIS TIMING WINDOW MUST FIRST BE INSPECTED BY A QUALIFIED BIOLOGIST TO DETERMINE THE
. PRESENCE OF NESTING BIRDS OR BATS.
3. THE WEATHER FORECAST SHOULD BE CONTINUALLY MONITORED TO ENSURE THAT WORKS ARE UNDERTAKEN
ONLY DURING FAVOURABLE WEATHER CONDITIONS.
0N|_|NE WETLAND CROSS SECT'ON 4. COMPLETE THE WORKS WITH MINIMAL AVOIDABLE INTERRUPTIONS ONCE THEY COMMENCE.
N.T.S. SITE AND MATERIAL MANAGEMENT
1. ALL CONSTRUCTION EQUIPMENT AND MATERIALS (IMPORTED OR EXCAVATED) MUST BE STORED AT LEAST 30 m
AWAY FROM ANY WATERBODY IN A STABLE AREA ABOVE THE ACTIVE FLOODPLAIN, OR IN A DESIGNATED
STAGING/STORAGE AREA.
2. IN THE EVENT OF AN UNEXPECTED STORM, ALL UNFIXED ITEMS THAT HAVE THE POTENTIAL TO CAUSE A SPILL OR
SUBMERGED MOUND AN OBSTRUCTION TO FLOW MUST BE MOVED A STABLE AREA ABOVE ACTIVE FLOODPLAIN.
3. STOCKPILES MUST BE LOCATED OUTSIDE THE ISOLATED WORK AREAS.
4. STABILIZE, TEMPORARILY OR PERMANENTLY, ANY DISTURBED AREAS AS WORK PROGRESSES, OR SOON AS
CONDITIONS ALLOW.
DRY MOUND 5. MINIMIZE THE AREA OF DISTURBANCE TO THE EXTENT POSSIBLE. ALL DISTURBED GROUND LEFT INACTIVE FOR
MORE THAN 30 DAYS SHALL BE STABILIZED USING APPROPRIATE EROSION CONTROL MEASURES AND AN
APPROPRIATE SEED MIX AS NOTED WITHIN THE FINAL APPROVED RESTORATION PLAN.
LIVE STAKES (SEE DWG DET-3) 6. ALL VEGETATION, ADJACENT TO THE WORK AREA, MUST BE PROTECTED AND DELINEATED WITH CONSTRUCTION
FENCING OR TREE PROTECTION BARRIERS.
7. ALL GRADES IN THE AREA REGULATED BY THE CONSERVATION AUTHORITY MUST BE MAINTAINED OR MATCHED,
UNLESS OTHERWISE AUTHORIZED IN THE APPLICABLE PERMIT.
MIN. 1000 mm ‘ [ 0 8. AN AFTER-HOURS CONTACT NUMBER IS TO BE VISIBLY POSTED ONSITE FOR EMERGENCIES. ALL THE PLANS
" ot " VARIABLE WIDTH y : A N MIN. 1000 m 100% BIODEGRADABLE EROSION SHOULD HAVE NAME AND CONTACT INFO OF THE PERSON RESPONSIBLE FOR ESC MEASURES.
v ARY, N\ wi CONTROL BLANKET (BIONET C125BN
EROSION AND SEDIMENT CONTROL
* i\ A \‘ "‘ OR APPROVED EQUIVALENT) AND
Il N |
\| ‘ ¢ ‘ A\ 4 1 LOWLAND SEED MIX 1. ALL TEMPORARY EROSION AND SEDIMENT CONTROL MEASURES MUST BE INSTALLED PRIOR TO START OF WORKS.
Wbl ARV D - i W BANKFULL LEVEL y /T WYY NG l> 2. FOLLOWING INSTALLATION OF THE PROPOSED ESC MEASURES, A QUALIFIED AGENT OF THE PROPONENT (E.G.
- RNV yff-; A - B s S Ve - 0 Yo \“\ \ L~ - CAN-CISEC CERTIFIED MONITOR) WILL CONDUCT REGULAR SITE VISITS TO MONITOR ALL WORKS, PARTICULARLY
\ t\ /# il 7/"",‘ - \ ~300-400 mm [ \ j/f AL I THE CONDITION OF THE ESC MEASURES, DEWATERING, AND IN- OR NEAR-WATER WORKS. SHOULD CONCERNS
WL, “/y} W / ) W MIN. 200 mm TOPSOIL ARISE; THE ENVIRONMENTAL MONITOR WILL CONTACT THE PROPONENT, THE CONSERVATION AUTHORITY, AND
[ \ | ANY OTHER APPROPRIATE PARTIES.
Q J A5 & 700mm - 1100 mm (see plan) \ \ / g W | ! 3. EROSION AND SEDIMENT CONTROLS MUST BE MAINTAINED DURING CONSTRUCTION, AND ANY REQUIRED REPAIRS
V. Y \/ / \ 7 . OR REPLACEMENTS MUST BE COMPLETED WITHIN 24 HOURS AFTER THEY HAVE BEEN IDENTIFIED DURING THE
MONITORING.
A <\ / \ Al 4. EROSION AND SEDIMENT CONTROLS MAY REQUIRE PERIODIC ADJUSTMENTS TO REFLECT CHANGING SITE
3N NATIVE A CONDITIONS. THE CONTRACTOR WILL BE RESPONSIBLE FOR THESE ADJUSTMENTS TO ENSURE PROPER
A FUNCTION.
AL 200 mm MATERIAL /). 5. ANY CHANGES TO THE EROSION AND SEDIMENT CONTROL PLAN BEYOND MINOR ADJUSTMENTS MUST BE
1Ay (! . APPROVED BY THE CONTRACT ADMINISTRATOR.
6. ADDITIONAL EROSION AND SEDIMENT CONTROL SUPPLIES MUST BE KEPT ON SITE IN ORDER TO FACILITATE
o)
* 60% NATIVE MATERIAL IMMEDIATE REPAIRS AND/OR UPGRADES AS NEEDED.
25% TOPSOIL 7. QFLETTEQAEI(E)??;LS&EDMENT CONTROLS MUST BE REMOVED AFTER THE CONTRACT ADMINISTRATOR DEEMS THE
15% GRANULAR 'B' 8. THE PROJECT PROPONENT OR THEIR REPRESENTATIVE IS ULTIMATELY RESPONSIBLE FOR CONTROLLING

SEDIMENT AND EROSION WITHIN THE CONSTRUCTION SITE FOR THE TOTAL PERIOD OF THE CONSTRUCTION.

9. IF EXCESSIVE SILTATION RESULTS FROM THE CONSTRUCTION ACTIVITIES, THE ONSITE SUPERVISOR/INSPECTOR
AND/OR THE LOCAL REGULATORY BODY RESERVE THE RIGHT TO REQUEST ADDITIONAL ESC MEASURES WHICH
WOULD BE INSTALLED PRIOR TO FURTHER CONSTRUCTION ACTIVITIES.

O F F LI N E WET LAN D C ROSS S ECTIO N DELETERIOUS SUBSTANCE CONTROL/SPILL MANAGEMENT

N.T.S. 1.  PREVENT THE RELEASE OF SEDIMENT, SEDIMENT-LADEN WATER, RAW CONCRETE, CONCRETE LEACHATE OR ANY
OTHER DELETERIOUS SUBSTANCES INTO ANY WATERBODY, RAVINE OR STORM SEWER SYSTEM.

2. ENSURE EQUIPMENT AND MACHINERY ARE IN GOOD OPERATING CONDITION (POWER WASHED), FREE OF LEAKS,
EXCESS OIL, AND GREASE.

3. NO EQUIPMENT REFUELLING OR SERVICING SHOULD BE UNDERTAKEN WITHIN 30 m OF ANY WATERCOURSE OR
SURFACE WATER DRAINAGE.

4. A SPILL CONTAINMENT KIT MUST BE READILY ACCESSIBLE ON SITE IN THE EVENT OF A RELEASE OF A
DELETERIOUS SUBSTANCE TO THE ENVIRONMENT. ONSITE STAFF MUST BE TRAINED IN ITS USE.

5. THE CONTRACT ADMINISTRATOR MUST BE NOTIFIED IMMEDIATELY IN THE EVENT OF A SPILL OF DELETERIOUS
SUBSTANCE. ANY SEDIMENT SPILL FROM THE SITE SHOULD BE REPORTED TO MINISTRY OF ENVIRONMENT (SPILL
ACTION CENTER) AT 1-800-268-6060.

DEAD STAKES (500 mm IN LENGTH)

WORK AREA ISOLATION

1. ALL WORK IN ISOLATED WORK AREAS MUST BE COMPLETED IN THE DRY. AN ADEQUATE NUMBER OF PUMPS MUST
BE USED FOR UNWATERING.

LIVE STAKES ( SEE DWG DET-3) BRUSH (50 mm - 100 mm 2. CROSSING AN ACTIVE WATERCOURSE OR WETLAND BY EQUIPMENT, VEHICLES, PERSONNEL, ETC. IS NOT

250 mm THICK WHEN COMPRESSED) EITHER SIDES OF THIE WATERGOURSE OR WETLAND. [ THORITY-ALL ACCESS TO WORK SITES SHALL BE FROM
COIR TWI NE 3. THE UNWATERING DISCHARGE LOCATION MUST BE LOCATED AT LEAST 30 m FROM ANY WATERCOURSE OR
) \‘\ \ y WETLAND IN AN AREA WITH DENSE VEGETATIVE GROUNDCOVER, AND WHERE THE DISCHARGE CAN RETURN TO
THE WATERBODY DOWNSTREAM OF THE WORK AREA OVER THE GROUNDCOVER.
BRUSH (50 mm - 1 00 mm 4. FISH MUST BE REMOVED FROM THE WORK AREA ONCE ISOLATED. FISH SALVAGE MUST BE COMPLETED BY A
QUALIFIED TECHNICIAN WITH A LICENSE FROM THE ONTARIO MINISTRY OF NATURAL RESOURCES.
THICK WHEN COMPRESSED) /
150 mm
, \) il
350 mm DIAMETER TOE STONE '
______LOWWATERLEVEL i
‘ ] DEAD STAKES (500 mm IN LENGTH)
\ DATE BY REVISIONS
) DESIGNED BY: LD CHECKED BY: PV
CHANNEL BED |\ LIVE STAKES (SEE DWG DET-3)
DRAWN BY: SE DATE: MAY 2025
350 mm DIAMETER TOE STONE DRAFT FOR C O
INTERNAL
CROSS SECTION PLAN

M ORPHIX™
36 Main St N., P.O. Box 205
NOTES NOT FOR Campbellville, Ontario LOP 1B0

1. LIVE BRANCHES TO CONSIST OF WILLOW AND DOGWOOD SPECIES, APPROXIMATELY 1 m IN LENGTH AND 50 mm - CONSTRUCTION
100 mm IN WIDTH.

T:416.920.0926
www.geomorphix.com

2. BRANCHES TO BE KEPT IN MOIST AND COLD CONDITION UNTIL INSTALLATION.

3. BRUSH MATTRESS TO BE INSTALLED WHILE BRANCHES ARE DORMANT.

4. BRANCHES TO BE PLACED ON SLOPE WITH BUTT END TOWARDS VALLEY FLOOR AND PUSHED INTO SOIL. MOUNT HOPE WEST

5. BRANCHES MUST BE FLEXIBLE ENOUGH TO CONFORM TO THE SLOPE SURFACE IRREGULARITIES.

6. POUND DEAD STAKES TO HALF THEIR LENGTH INTO SOIL BETWEEN BRANCHES. TIE COIR TWINE AROUND DEAD HUMBER RIVER TRIBUTARIES
STAKES AND TIGHTLY OVER BRANCHES. USE A CLOVE HITCH TO SECURE STAKES. POUND STAKES INTO SLOPE TO TOWN OF CALEDON

COMPRESS BRANCHES AGAINST GROUND.

™~

TAMP LIVE STAKES BETWEEN DEAD STAKES.
FILL VOIDS BETWEEN BRANCHES OF THE BRUSH MATTRESS WITH SOIL TO PROMOTE ROOTING. COLD CREEK

CONCEPTUAL CHANNEL DESIGN
BRUSH MATTRESS WETLAND AND BANK TREATMENT DETAILS

N.T.S.

®
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SOIL ON TOP OF MOUND TO
BE LIMITED FOR FORAGING
OPPORTUNITIES

2  // . A ///

SEED BOTTOM OF MOUND
WITH TERRASEED AND
NATIVE SEED MIX

NOTES

1.  HEIGHT OF TERRESTRIAL MOUND SHALL BE 500 mm TO 1000 mm.

2. LOCATION OF VEGETATED TERRESTRIAL MOUND IS TO BE DETERMINED BY THE
DESIGNER IN FIELD, IN DRY AREAS ONLY.

3. CONSTRUCTION OF MOUND TO BE COMPLETED IN CONJUNCTION WITH VERNAL POOL
EXCAVATION.

4. TERRESTRIAL MOUNDS TO BE GRADED TO MATCH EXISTING GROUND AND/OR TIE INTO

EXISTING SLOPES.

TERRESTRIAL MOUND TO BE SLIGHTLY CONCAVE/DIMPLED ON TOP.

TERRESTRIAL MOUND TO BE SEEDED AND COVERED WITH 100% BIODEGRADABLE

EROSION CONTROL BLANKET (BioNET C125BN OR APPROVED EQUIVALENT) IMMEDIATELY

FOLLOWING SHAPING. EROSION CONTROL BLANKET TO BE SECURED WITH WOOD

STAKES.

7. SEED MIX TO BE COMPRISED OF WOODLAND SPECIES. SEE DET-1 DRAWINGS FOR SEED
MIX SPECIFICATIONS.

o o

TERRESTRIAL MOUND
N.T.S

LIVE STAKE

TWO YEARS AFTER
INSTALLATION

SOIL SURFACE

\ i
IS% AL
ff}

~ 80% OF STAKE

LIVE STAKE ONE OR

SCIENTIFIC NAME COMMON NAME QTY  CONDITION

CORNUS STOLONIFERA RED OSIER DOGWOOD 875 1m, LIVE STAKE
SALIX BEBBIANA BEBB'S WILLOW 875 1m, LIVE STAKE
SALIX DISCOLOR PUSSY WILLOW 875 1m, LIVE STAKE
SALIX INTERIOR SANDBAR WILLOW 875 1 m, LIVE STAKE
SALIX LUCIDA SHINING WILLOW 875 1m, LIVE STAKE

MIN. 5000 mm ALIGN CHAINSAW HOLLOW

FACING WEST
%\\ - CHAINSAW CUT,
//o))" INTERNAL CAVITY:
~160 mm x 180mm x 28 mm
~2000 mm -
3000 mm 500 m - 600 m STONE
PLACED AT BASE OF
TRUNK
~1200 mm

~ 450 mm

NOTES
1. CONSTRUCT WITH MATURE CONIFER TRUNKS WITH TWO OR MORE
NATURAL BRANCHES.
2. AT LEAST 75% OF THE BARK SHOULD BE INTACT.
3. AUGER HOLE TO A DEPTH OF ~1000 m INSTALL TRUNK AND TAMP IN SAND
AROUND BASE.

4. ~1000 m OF TRUNK IS TO BE BURIED.

5. PLACE 500 m - 600 m STONE AROUND BASE FOR ADDITIONAL SUPPORT.
~90% OF STONE TO BE BURIED.

6. IF ROOT WAD IS USED PLACE ROOT AT TOP.

7. LOGS SHOULD BE SOURCED ON SITE (WHERE POSSIBLE).

RAPTOR/VOLANT POLE
N.T.S.

NOTES

1.

2.
3.
4

S

o

LIVE STAKING

N.T.S.

QUANTITY TO BE DETERMINED BASED ON AREA OF DISTURBANCE TO BE RESTORED

LIVE STAKES SHOULD BE FROM AT MINIMUM 2-YEAR OLD STOCK.

LIVE STAKES ARE TO BE INSTALLED AT A DENSITY OF 3 STAKES PER SQUARE METRE.
LIVE STAKES SHOULD BE PRE-SOAKED (SUBMERGED IN WATER) FOR AT LEAST 24 HOURS
AFTER HARVESTING AND IMMEDIATELY BEFORE INSTALLATION.

LIVE STAKES SHOULD NOT BE STORED FOR A PERIOD LONGER THAN 2 DAYS, UNLESS THEY ARE
BEING SOAKED.

THE CONTRACTOR SHALL PROTECT PLANT MATERIALS FROM DRYING FROM THE TIME OF
HARVEST UNTIL INSTALLED.

LIVE STAKES ARE TO BE A MINIMUM OF 25 mm IN DIAMETER AND CUT TO A LENGTH OF 1000 mm.
CUT ANGLE AT THE BOTTOM OF THE STAKE AND FLAT ON THE TOP.

TRIM ALL SIDE BRANCHES WHILE TAKING CARE NOT TO DAMAGE THE BARK.

INSTALL STAKES WITH BUDS POINTING UPWARDS AND THICKER STEM IN THE BED.

LIVE STAKES SHOULD BE INSTALLED USING A LARGE RUBBER MALLET.

IN COMPACT SOIL A PILOT HOLE MUST BE USED TO LIMIT DAMAGE TO THE STAKES. PILOT
HOLES SHOULD BE MAX. 25 mm DIAMETER.

IF USING A PILOT HOLE REPACK SOIL AROUND THE LIVE STAKE.

80% OF THE STAKE IS TO BE BELOW SURFACE.

TAMP THE LIVE STAKE INTO THE GROUND AT RIGHT ANGLE TO THE SURFACE.

LIVE STAKES SHOULD STAND FIRM FROM THE SOIL FOLLOWING INSTALLATION.

ALL STAKES NOT PLANTED TO THE SPECIFICATIONS ABOVE WILL BE REPLACED AT THE
CONTRACTOR'S EXPENSE.

WOOD DEBRIS TO BE
SHAPED INTO A STABLE,
INTERCONNECTED
MOUND

WOOD DEBRIS TO BE
SOURCED FROM SITE,
WHERE POSSIBLE

~ 2000 mm

NOTES

1. LARGEST AND HEAVIEST LOG MATERIAL SHOULD BE PLACED ON THE BASE OF THE
BRUSH PILE. THE SMALLEST BRUSH MATERIAL SHOULD BE PLACED AT THE TOP.
LOGS SHOULD BE FORMED INTO A PALLET SHAPE.

HEIGHT OF BRUSH PILE IS NOT TO EXCEED 1000 mm.

A MIX OF HARDWOOD AND SOFTWOOD SHOULD BE USED.

PLANT WITH NATIVE FRUIT BEARING VINES.

RN

PALLET TYPE WOQOD PILE
N.T.S

. 1500 mm

50 mm - 200 mm

~1000 mm STONE MIX
_/— EXISTING GROUND
300 mm

NOTES

1. 50 mm - 200 mm STONE MIX WITH SOME ANGULAR STONES.

2. THE STONE MIX SHOULD PROVIDE A VARIETY OF INTERSTITIAL SPACES.
3. PILES ARE AT LEAST 1500 mm IN DIAMETER AND ~1000 mm HIGH.

4. EMBED ROCK PILE 300 mm TO AVOID ROCKFALL.

ROCK PILE
N.T.S.

CVC 2 - LOWLAND MIX

SCIENTIFIC NAME COMMON NAME PERCENTAGE
CAREX VULPINOIDEA FOX SEDGE 25
ELYMUS VIRGINICUS VAR. VIRGINICUS VIRGINIA WILD RYE 35
JUNCUS TENUIS PATH RUSH 5

POA PALUSTRIS FOWL BLUEGRASS 25
SCIRPUS ATROVIRENS DARK GREEN BULRUSH

VERBENA HASTATA BLUE VERVAIN

NOTES:

1. APPLY SEED MIX AT A RATE OF 25 kg PER HECTARE.

2. SEEDING SHALL OVERLAP ADJACENT GROUND COVER BY 300 mm.

3. SIMULTANEOUSLY APPLY THE SPECIFIED NURSE CROP MIX AT A RATE OF 15 kg PER
HECTARE.

4. WATER SOIL AFTER SEED APPLICATION.

EROSION CONTROL BLANKET SPECIFICATIONS

1. A BIODEGRADABLE EROSION CONTROL BLANKET (ECB) SHALL BE INSTALLED ON ALL
DISTURBED NATURAL SURFACES FOLLOWING THE PLACEMENT OF TOPSOIL AND APPLICATION
OF THE NATIVE SEED MIX.

2. THE ECB MUST BE CONSTRUCTED OF 100% WOVEN COCONUT FIBRE (E.G., COIR) OR STRAW
MAT WITHIN A GEOJUTE NETTING (TOP AND BOTTOM) WITH BIODEGRADABLE THREAD.
NON-BIODEGRADABLE MATERIAL INCLUDING POLYPROPELENE OR PLASTICS WITH A
BIODEGRADABLE RATING ARE NOT ACCEPTABLE. THE MINIMUM WEIGHT OF THE ECB MUST BE
400 g/m? (12 oz./yd?).

3. TO INSTALL, THE ECB MUST BE UNROLLED DOWNSLOPE OR IN DIRECTION OF WATER FLOW.
ADJACENT ECBS SHOULD OVERLAP A MINIMUM OF 150 mm ALONG THE EDGES. AT THE END
OF EACH ROLL, FOLD BACK 100 mm TO 200 mm OF THE ECB. OVERLAP THIS 100 mm TO 200 mm
OVER THE START OF THE NEXT ROLL. SECURE THE TWO LAYERS TO THE GROUND SECURELY.

4. BIODEGRADABLE OR TAPERED WOODEN STAKES SHALL BE USED TO SECURE THE BLANKET.
STAKES SHALL BE INSTALLED AT THE SPACING RECOMMENDED BY THE ECB MANUFACTURER
TO PREVENT SURFACE RUNOFF FROM ERODING THE UNDERLYING SOIL.

SCALED FOR PLOT ON 'ARCH D'

N.
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KEY MAP

N.T.S.
GENERAL NOTES

1.  THE ACCOMPANYING CHANNEL REALIGNMENT TECHNICAL DESIGN BRIEF PREPARED BY GEO MORPHIX LTD. (2025)
PROVIDES ADDITIONAL DESIGN DETAILS AND DIRECTION FOR IMPLEMENTATION AND IS TO BE REVIEWED IN
CONJUNCTION WITH THIS DRAWING SET.

2. ALL CONTRACT DRAWINGS, SPECIFICATIONS AND APPLICABLE PERMITS MUST BE KEPT ON SITE DURING
CONSTRUCTION FOR REFERENCE.

3. THE CONTRACTOR MUST NOTIFY THE DESIGNER AND CONTRACT ADMINISTRATOR OF THE INTENT TO COMMENCE
WORK AT LEAST 48 HOURS IN ADVANCE.

4. THE CONTRACTOR IS RESPONSIBLE FOR ALL UTILITY LOCATES.

5. LAYOUT MUST BE REVIEWED AND APPROVED BY THE DESIGNER / DESIGNER REPRESENTATIVE, DESIGNATED
ENGINEER, AND THE CONTRACT ADMINISTRATOR.

6. CONSTRUCTION OBSERVATION IS TO BE PERFORMED BY A CERTIFIED FLUVIAL GEOMORPHOLOGIST OR
EXPERIENCED ENVIRONMENTAL INSPECTOR UNDER DIRECTION FROM THE DESIGNER.

7. ON-SITE SUPPORT FROM PROJECT ENGINEER (E.G., GEOTECHNICAL, HYDROGEOLOGICAL, AND/OR WATER
RESOURCES ENGINEER) REQUIRED TO ASSESS AND ENSURE FAVOURABLE SURFICIAL AND SUBSURFACE
CONDITIONS TO SUPPORT CHANNEL REALIGNMENT CONSTRUCTION.

8. BE ADVISED THAT THE LOCAL REGULATORY BODY MAY, AT ANY TIME, WITHDRAW THIS PERMISSION, IF, IN THE
OPINION OF THE AUTHORITY, THE CONDITIONS OF THE PERMIT ARE NOT BEING COMPLIED WITH. THIS APPROVAL
DOES NOT EXEMPT THE PROPERTY OWNER/APPLICANT/AGENT FROM THE PROVISIONS OF ANY OTHER FEDERAL,
PROVINCIAL OR MUNICIPAL STATUTES, REGULATIONS OR BY-LAWS, OR ANY RIGHTS UNDER COMMON LAW.

TIMING OF WORKS

1.  WORKS SHALL BE COMPLETED DURING THE DESIGNATED IN-WATER WORKS WINDOW SET OUT BY MNR/DFO.

2. TREE CLEARING IS TO BE COMPLETED OUTSIDE THE BIRD NESTING SEASON (APRIL 1ST TO AUGUST 31ST) AND THE
BAT ROOSTING WINDOW (APRIL 1ST TO SEPTEMBER 30TH) TO COMPLY WITH THE FEDERAL MIGRATORY BIRDS
CONVENTION ACT AND THE PROVINCIAL ENDANGERED SPECIES ACT. ANY TREES THAT REQUIRE REMOVAL
OUTSIDE OF THIS TIMING WINDOW MUST FIRST BE INSPECTED BY A QUALIFIED BIOLOGIST TO DETERMINE THE
PRESENCE OF NESTING BIRDS OR BATS.

3. THE WEATHER FORECAST SHOULD BE CONTINUALLY MONITORED TO ENSURE THAT WORKS ARE UNDERTAKEN
ONLY DURING FAVOURABLE WEATHER CONDITIONS.

4. COMPLETE THE WORKS WITH MINIMAL AVOIDABLE INTERRUPTIONS ONCE THEY COMMENCE.

SITE AND MATERIAL MANAGEMENT

1. ALL CONSTRUCTION EQUIPMENT AND MATERIALS (IMPORTED OR EXCAVATED) MUST BE STORED AT LEAST 30 m
AWAY FROM ANY WATERBODY IN A STABLE AREA ABOVE THE ACTIVE FLOODPLAIN, OR IN A DESIGNATED
STAGING/STORAGE AREA.

2. IN THE EVENT OF AN UNEXPECTED STORM, ALL UNFIXED ITEMS THAT HAVE THE POTENTIAL TO CAUSE A SPILL OR
AN OBSTRUCTION TO FLOW MUST BE MOVED A STABLE AREA ABOVE ACTIVE FLOODPLAIN.

3. STOCKPILES MUST BE LOCATED OUTSIDE THE ISOLATED WORK AREAS.

4. STABILIZE, TEMPORARILY OR PERMANENTLY, ANY DISTURBED AREAS AS WORK PROGRESSES, OR SOON AS
CONDITIONS ALLOW.

5.  MINIMIZE THE AREA OF DISTURBANCE TO THE EXTENT POSSIBLE. ALL DISTURBED GROUND LEFT INACTIVE FOR
MORE THAN 30 DAYS SHALL BE STABILIZED USING APPROPRIATE EROSION CONTROL MEASURES AND AN
APPROPRIATE SEED MIX AS NOTED WITHIN THE FINAL APPROVED RESTORATION PLAN.

6. ALL VEGETATION, ADJACENT TO THE WORK AREA, MUST BE PROTECTED AND DELINEATED WITH CONSTRUCTION
FENCING OR TREE PROTECTION BARRIERS.

7. ALL GRADES IN THE AREA REGULATED BY THE CONSERVATION AUTHORITY MUST BE MAINTAINED OR MATCHED,
UNLESS OTHERWISE AUTHORIZED IN THE APPLICABLE PERMIT.

8. AN AFTER-HOURS CONTACT NUMBER IS TO BE VISIBLY POSTED ONSITE FOR EMERGENCIES. ALL THE PLANS
SHOULD HAVE NAME AND CONTACT INFO OF THE PERSON RESPONSIBLE FOR ESC MEASURES.

EROSION AND SEDIMENT CONTROL

-

ALL TEMPORARY EROSION AND SEDIMENT CONTROL MEASURES MUST BE INSTALLED PRIOR TO START OF WORKS.

2. FOLLOWING INSTALLATION OF THE PROPOSED ESC MEASURES, A QUALIFIED AGENT OF THE PROPONENT (E.G.
CAN-CISEC CERTIFIED MONITOR) WILL CONDUCT REGULAR SITE VISITS TO MONITOR ALL WORKS, PARTICULARLY
THE CONDITION OF THE ESC MEASURES, DEWATERING, AND IN- OR NEAR-WATER WORKS. SHOULD CONCERNS
ARISE; THE ENVIRONMENTAL MONITOR WILL CONTACT THE PROPONENT, THE CONSERVATION AUTHORITY, AND
ANY OTHER APPROPRIATE PARTIES.

3. EROSION AND SEDIMENT CONTROLS MUST BE MAINTAINED DURING CONSTRUCTION, AND ANY REQUIRED REPAIRS
OR REPLACEMENTS MUST BE COMPLETED WITHIN 24 HOURS AFTER THEY HAVE BEEN IDENTIFIED DURING THE
MONITORING.

4. EROSION AND SEDIMENT CONTROLS MAY REQUIRE PERIODIC ADJUSTMENTS TO REFLECT CHANGING SITE
CONDITIONS. THE CONTRACTOR WILL BE RESPONSIBLE FOR THESE ADJUSTMENTS TO ENSURE PROPER
FUNCTION.

5.  ANY CHANGES TO THE EROSION AND SEDIMENT CONTROL PLAN BEYOND MINOR ADJUSTMENTS MUST BE
APPROVED BY THE CONTRACT ADMINISTRATOR.

6. ADDITIONAL EROSION AND SEDIMENT CONTROL SUPPLIES MUST BE KEPT ON SITE IN ORDER TO FACILITATE
IMMEDIATE REPAIRS AND/OR UPGRADES AS NEEDED.

7. ALL TEMPORARY SEDIMENT CONTROLS MUST BE REMOVED AFTER THE CONTRACT ADMINISTRATOR DEEMS THE
SITE TO BE STABLE.

8. THE PROJECT PROPONENT OR THEIR REPRESENTATIVE IS ULTIMATELY RESPONSIBLE FOR CONTROLLING
SEDIMENT AND EROSION WITHIN THE CONSTRUCTION SITE FOR THE TOTAL PERIOD OF THE CONSTRUCTION.

9. IF EXCESSIVE SILTATION RESULTS FROM THE CONSTRUCTION ACTIVITIES, THE ONSITE SUPERVISOR/INSPECTOR

AND/OR THE LOCAL REGULATORY BODY RESERVE THE RIGHT TO REQUEST ADDITIONAL ESC MEASURES WHICH

WOULD BE INSTALLED PRIOR TO FURTHER CONSTRUCTION ACTIVITIES.

DELETERIOUS SUBSTANCE CONTROL/SPILL MANAGEMENT

1.  PREVENT THE RELEASE OF SEDIMENT, SEDIMENT-LADEN WATER, RAW CONCRETE, CONCRETE LEACHATE OR ANY
OTHER DELETERIOUS SUBSTANCES INTO ANY WATERBODY, RAVINE OR STORM SEWER SYSTEM.

2. ENSURE EQUIPMENT AND MACHINERY ARE IN GOOD OPERATING CONDITION (POWER WASHED), FREE OF LEAKS,
EXCESS OIL, AND GREASE.

3. NO EQUIPMENT REFUELLING OR SERVICING SHOULD BE UNDERTAKEN WITHIN 30 m OF ANY WATERCOURSE OR
SURFACE WATER DRAINAGE.

4. A SPILL CONTAINMENT KIT MUST BE READILY ACCESSIBLE ON SITE IN THE EVENT OF A RELEASE OF A
DELETERIOUS SUBSTANCE TO THE ENVIRONMENT. ONSITE STAFF MUST BE TRAINED IN ITS USE.

5. THE CONTRACT ADMINISTRATOR MUST BE NOTIFIED IMMEDIATELY IN THE EVENT OF A SPILL OF DELETERIOUS
SUBSTANCE. ANY SEDIMENT SPILL FROM THE SITE SHOULD BE REPORTED TO MINISTRY OF ENVIRONMENT (SPILL
ACTION CENTER) AT 1-800-268-6060.

WORK AREA ISOLATION

1. ALL WORK IN ISOLATED WORK AREAS MUST BE COMPLETED IN THE DRY. AN ADEQUATE NUMBER OF PUMPS MUST
BE USED FOR UNWATERING.

2. CROSSING AN ACTIVE WATERCOURSE OR WETLAND BY EQUIPMENT, VEHICLES, PERSONNEL, ETC. IS NOT
PERMITTED UNLESS APPROVED BY THE CONSERVATION AUTHORITY. ALL ACCESS TO WORK SITES SHALL BE FROM
EITHER SIDES OF THE WATERCOURSE OR WETLAND.

3. THE UNWATERING DISCHARGE LOCATION MUST BE LOCATED AT LEAST 30 m FROM ANY WATERCOURSE OR
WETLAND IN AN AREA WITH DENSE VEGETATIVE GROUNDCOVER, AND WHERE THE DISCHARGE CAN RETURN TO
THE WATERBODY DOWNSTREAM OF THE WORK AREA OVER THE GROUNDCOVER.

4. FISH MUST BE REMOVED FROM THE WORK AREA ONCE ISOLATED. FISH SALVAGE MUST BE COMPLETED BY A
QUALIFIED TECHNICIAN WITH A LICENSE FROM THE ONTARIO MINISTRY OF NATURAL RESOURCES.
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Appendix G:
Post- and Pre-Development Hydrographs
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Erosion exceedance hydrographs — uncontrolled conditions
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Erosion exceedance hydrographs — controlled conditions
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