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1.0 INTRODUCTION

GEO Morphix Ltd. (GEO Morphix) was retained by CBM Aggregates, a division of St. Marys Cement Inc.
(Canada) (CBM), to conduct technical services to support the regulatory approvals for the Caledon
Pit/Quarry licence application (the Project). The technical services involved the completion of a fluvial
geomorphic assessment in the receiving surface water environment of the proposed Caledon Pit/Quarry,
specific to the tributary and mainstem channel system of the Credit River near Charleston Side Road.

The purpose of this report is to present the methods and results of the fluvial geomorphic study at the
subject channels of the Credit River and tributary system. A summary of the study objectives and
reporting structure is presented immediately below. A description of the methods and results of the
assessment follows.

Project Overview and Study Objectives

With reference to Figure 1, the proposed conditions for the Project include the discharge of pumped
water from the planned pit/quarry operations (i.e., surplus water that is not managed directly at the
site — estimated to be 18 L/s on an average annual basis as described in WSP [2023]) to a location on
the southeast side of the Osprey Valley Golf Course (OVGC). The surplus water will, in turn, be directed
to one or more of the storage ponds at the OVGC, and, depending on the time of year and available
storage capacity, relied on for irrigation purposes or returned to the receiving environment. This
considers that, under existing conditions, permitted water takings at OVGC (primarily obtained/pumped
from the Credit River at a location immediately north of Pond 3 - East and used mainly for golf course
irrigation), coupled with local runoff and groundwater inputs, are managed through the on-site pond
system, noting the following, relevant drainage conditions and water management practices:

e The network of ponds in the central portion of the site are relied on to convey the managed
water from generally north to south (i.e., water is directed in series from Pond 3 - East through
to Pond 4 - South), with the understanding that water above and beyond the storage capacity
of the ponds is allowed to passively drain to an unnamed tributary of the Credit River (described
herein as “Tributary 4”) at a location immediately downgradient of Pump House A (i.e., surplus
water from Pond 4 - South collects at a wet well structure at the pumphouse, and, under
overflow/bypass conditions, drains to Tributary 4 via a culvert).

e The ponds at the far east side of the site (described herein as the “East Ponds”) have no
connection to the existing water management network/infrastructure in the central part of the
site and serve to capture and convey local runoff to the Credit River by way of a small outlet
channel (also an unnamed tributary of the Credit River and described herein as the “East Ponds
Outlet Channel”), recognizing that water from the ponds drain to the outlet channel via a culvert,
as well as through other surface and subsurface flow paths (i.e., flows have been shown to
overtop the outlet berm and also enter the downstream channel through subsurface pathways
in the berm).
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It also considers that, based on site observations and discussions with CBM to date, the proposed
conditions for the Project include two conveyance path alternatives to direct the discharge waters from
the Caledon Pit/Quarry to the Credit River:

1. Tributary 4 via the network of ponds and related water management infrastructure (existing or
planned) in the central portion of the OVGC site.

2. The East Ponds and associated East Ponds Outlet Channel on the east side of the OVGC site via
the installation of new water management infrastructure at the golf course facility (to direct
water to the East Ponds from the central part of the site).

The regulatory review of the licence application for the Project has been ongoing in recent years. As
part of this review process, the Credit Valley Conservation Authority (CVC) has communicated concerns
that the proposed discharge activities from the Caledon Pit/Quarry have the potential to increase rates
of erosion-sedimentation at the mainstem channel of the Credit River and/or channels of the contributing
tributaries.

Based on the above, GEO Morphix was tasked to complete a fluvial geomorphic study at the subject
channels of the Credit River and tributary system (specifically Tributary 4 and the East Ponds Outlet
Channel, given that each feature was identified as a potential conveyance path alternative) to assess
the potential for Project-related effects on characteristic erosion-sedimentation processes, and, where
appropriate, to identify suitable mitigation measures. The results of the geomorphic assessment will be
used to address the comments from CVC, and, as part of this, to inform the discharge capacity and
control requirements at the subject receiving channels, as well as to comment on the preferred
conveyance path alternative.

Reporting Structure

The remaining part of this report has been organized into three main sections. The methods and results
are described in Section 2.0 and Section 3.0, respectively, while a summary and discussion are outlined
in Section 4.0.

2.0 METHODS

As illustrated on Figure 2, the fluvial geomorphic studies were conducted at the following locations of
the Credit River and tributary system:

e Unnamed tributary of the Credit River that is described herein as Tributary 4.

e Unnamed tributary of the Credit River that is described herein as the East Ponds Outlet Channel.

e Credit River from a location approximately 100 m upstream of the confluence with Tributary 4
to a location approximately 100 m downstream of the confluence with the East Ponds Outlet
Channel.

The studies included the completion of an existing conditions assessment, as well as an erosion threshold
assessment. The methodology for these studies is detailed below.

Existing Conditions Assessment

The existing conditions assessment involved the completion of desktop- and field-based studies to
characterize the past and present channel morphology (including erosion-sedimentation patterns and
associated bed and bank stability) in the subject receiving environment. Each component of the existing
conditions assessment is outlined below.

The desktop analyses comprised a review of available study reports and data records for the site to
assist in the general characterization of channel and watershed conditions at the subject watercourses,
as well as to guide or inform the field studies (e.g., selection of representative channel units for the
detailed geomorphic assessment) and the erosion threshold assessment. The relevant materials for the
desktop review included the following:
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e Mapping and imagery for the subject watersheds (i.e., soils and geological information, LiDAR
and other topographic mapping, and historical and recent aerial photographs/imagery) that
were obtained through publicly available sources.

e Flow estimates (e.g., average monthly flows, return period flow rates, etc.) for the subject
channels that were obtained from WSP.

e Past environmental studies and reporting for the Project that were obtained from WSP.

e -

The field studies involved the completion of rapid and detailed geomorphic assessments between July
23 and July 25, 2024, as well as other cursory level, visual inspections on June 17 and July 18, 2024
(to support the planning and implementation of the detailed field work, and, in the case of the July 18
visit, to observe high flow conditions at the subject channels following the major rainfall event on July
16). The specific field activities included the following at each of the subject channels:

e Completion of a Rapid Geomorphic Assessment (MOE, 2003) and Rapid Stream Assessment
Technique (Galli, 1996) to evaluate channel stability and stream 'health’, respectively.

¢ Completion of rapid-based habitat sketch maps and related observation logs in accordance with
Newson and Newson (2000) to document the presence of, or variations to, channel bedform
features (e.g., riffles and/or nick points, etc.), meander bend patterns/sequences, areas of
active channel and valley slope erosion, channel substrate types and flow patterns, woody debris
and other instream structures, and riparian vegetation.

e Detailed measurements of channel geometry and hydraulics, including bankfull width and depth,
side and channel slope, channel entrenchment heights, pool and riffle flow depths, vegetation
rooting depths, and flow velocity, noting that the various measurements of channel geometry
were obtained through the completion of a targeted topographic survey (using RTK GPS survey
equipment) at several representative channel cross-sections and profile units, while the flow
velocity measurements were obtained via the floating ball method at a similar set of locations.

e Detailed characterization of bed and bank materials via the completion of a modified Wolman
(1954) pebble count technique at the identified cross-section locations, supplemented, where
needed, with the sampling of the fine-grained component of the substrate and subsequent
testing of this material at an accredited laboratory for grain size distribution (i.e., bed and bank
materials were sampled at discrete locations using an Ekman dredge sampler, and, in turn, the
samples were issued to the laboratory for physical analysis).

Following the completion of the field investigations, the full set of field data was compiled and
summarized to facilitate the characterization of existing channel conditions and associated controls on
channel morphology at the watercourse network, and, as part of this, to develop several detailed desktop
analyses. The topographic survey data, in particular, was used, in combination with other key
measurements and standard coefficients, to estimate bankfull flow characteristics (e.g., discharge,
average velocity, stream power, tractive force, and flow competency) at the subject channels. The
same information was relied on to derive erosion thresholds for the receiving environment (described in
the section below).

Erosion Threshold Assessment

The erosion thresholds for the subject channels (i.e., flow rates that would be expected to maintain
physical stability at the subject channels) were quantified, in the form of a “critical discharge”, based
on the observed substrate (bed and bank) materials and channel geometry. The derivation of the critical
discharge estimates involved the calculation of flow velocity, U, and shear stress, t, values under a range
of flow rates and associated depths for a representative cross section, and, in turn, the comparison of
these values against the assumed threshold for the bed and bank materials (i.e., the theoretical flow
velocity or shear stress that would be expected to result in entrainment and transport of sediment based
on Julien [1998], Fischenich [2001], Chow [1959], and others). The results of the comparison were
then used to determine the point at which a given flow condition at the channel (using velocity and
shear stress as the proxy) was shown to “exceed” the threshold of the substrate.
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The flow velocity estimates were determined using a Manning’s approach; mathematically represented
as:

U=1d"s" [Eq. 1]

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

The shear stress estimates were determined using the depth-slope product; mathematically represented
as:

t = dpgSped [Eq. 2]

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

The erosion thresholds for the subject channels were determined for both bed and bank materials, noting
the following:

e The lower of the two erosion threshold values was adopted at a given location to maintain a
conservative and limiting estimate.

e The erosion threshold estimates at the banks were scaled by a factor of 0.75 in accordance with
Chow (1959) to account for the inferred reduction in shear stress and velocity at the channel
margins.

For added context to assess the potential for Project-related effects on characteristic erosion-
sedimentation processes at the subject channels, the erosion threshold estimates were compared
against the characteristic flow conditions for the local surface water system. The flow information for
each of the watercourses were provided by WSP and included estimates of mean, minimum, and
maximum monthly flow rates, as well as flood flow conditions under the 2-year, 5-year, and 10-year
return period events, with the understanding that the flow estimates at each of the subject channels
were derived by pro-rating flow records (i.e., daily discharge data) from local Water Survey of Canada
stream gauge stations.

3.0 RESULTS
Existing Conditions Assessment

The detailed results from the existing conditions assessment at the subject channels are presented in
Appendices A, B, and C. This includes the documented records of observed channel morphology in
Appendix A (photographs) and Appendix B (field measurements and sketches), as well as a detailed
summary of the characteristic geomorphology and hydrotechnical conditions in Appendix C.

With reference to Photographs 1 through 4 (embedded below), the key findings from the existing
conditions assessment are listed below for each of the subject channels:

e The observed channel morphology at the Credit River (from approximately 100 m upstream of
the confluence with Tributary 4 to a location approximately 100 m downstream of the confluence
with the East Ponds Outlet Channel) demonstrated mostly alluvial controls and included the
following attributes:

o Channel features were well-defined (i.e., incised channel with prominent bed and banks)
with low to moderate entrenchment relative to the surrounding terrain;

o Channel planform was characterized by a moderate, irregular meander pattern with
partial valley confinement;

o Bed form included alternating riffle-pool sequences (or run and pool features) for the
bulk of the surveyed section;

o Channel gradient was minor (<0.5%) for the majority of the surveyed section;

o Channel geometry was broad and largely trapezoidal with:
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= average bankfull widths ranging from 14.19 m to 14.70 m;

= average bankfull depths varying from 0.66 m to 1.02 m; and

= bank angles ranging from 15 to 90°.
Erosion and/or depositional features at the channel included undercutting of banks (on
the order of 0.10 m to 0.82 m) for the majority of the surveyed section, as well as
discrete instances of leaning trees and valley wall contact;
Instream controls included instances of woody debris (of moderate densities);
Bank materials were composed of mostly fine-grained sediment (i.e., silty/sandy clay
with instances of small to large cobbles), while bed materials comprised sands (ranging
from very fine to very coarse sand) and small to large cobbles;
Surface flows were generally low to moderate (i.e., water levels were below bankfull -
albeit notably higher during the site visit on July 18 that followed the major rainfall
event) and exhibited a visible surface current; and
Riparian zone spanned more than 10 channel widths and consisted of a continuous cover
of mature and well-established vegetation (including trees and shrubs).

e The observed channel morphology at the East Ponds Outlet Channel (a short, section of
channel approximately 33 m in length) showed mostly alluvial controls and included the
following attributes:

o

O O O O

Channel features were well-defined with moderate entrenchment relative to the
surrounding terrain;
Channel planform was straight and confined;
Bed form was mostly flat;
Channel gradient was low (<1.0%);
Channel geometry was narrow and mostly trapezoidal with:
= average bankfull widths of 2.53 m;
= average bankfull depths of 0.31 m; and
= bank angles of 40 to 70°.
Erosion and/or depositional features at the channel included:
= A knickpoint at the upstream extent of the channel (located immediately
downstream from the berm at the East Ponds where flows were conveyed from
the upstream pond to the downstream channel via a degraded, 0.3 m diameter
culvert, as well as by way of throughflow and overflow at the berm itself [as
observed both in June and July, 2024]);
= Undercutting of the banks on both sides of the channel for approximately 60%
of the surveyed length; and
= A small, vegetated island (sand deposit) immediately upstream of the
confluence with the Credit River (likely indicative of backwater effects /
dispositional influences from the mainstem channel).
Instream controls included some woody debris and vegetation encroachment;
Bank materials were composed of silt and fine to medium sand with small to large
cobbles, while bed materials consisted of medium to very coarse sand with cobbles;
Surface flows were generally low at the channel; and
Riparian zone spanned between 4 and 10 channel widths and consisted of a dense cover
of mature cedar trees.

e The observed channel morphology at Tributary 4 (section that extends from the golf course
limits near Pumphouse A to the confluence with the Credit River) demonstrated alluvial and
wetland controls and included the following attributes:

o

Channel features were largely ill-defined (i.e., absence of discernible bed and/or banks)
except for at the downstream-most extent of the watercourse (~ 75 m length of
channel) that supported incised conditions;
Channel planform (or primary flow path of the watercourse) was characterized by a
moderate and irregular meandering pattern;
Bed form (where present) was mostly flat;
Channel or valley gradient was low (<1.0%);
Channel geometry (where present) was narrow and mostly trapezoidal with:

= average bankfull widths of 2.89 m;

= average bankfull depths of 0.20 m; and
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= bank angles of 15 to 45°.

o Erosion and depositional features were mostly absent;

o Instream controls included moderate to high density woody debris, heavy vegetation
encroachment, and rooted emergent aquatic vegetation;

o Bank materials (where present) were composed of clays with silts and sands (ranging
from very fine to coarse sand) and occasional gravels, while bed materials consisted of
fine to medium sand with small to large cobbles;

o Surface flows were largely discontinuous (the watercourse was characterized by dry
channel conditions and/or a series of mostly isolated ponded features at the time of the
field visits in June and July, 2024) except for at the downstream-most extent of the
watercourse that supported flowing conditions (albeit nominal in magnitude); and

o Riparian zone spanned over 10 channel widths and comprised a dense cover of trees,
shrubs, and low-lying vegetation.

Photograph 01: Credit River
with Tributary 4 (June 2024).

near confluence - Photograph 02: East Ponds Outlet Channl near
confluence point with Credit River (June 2024).

Photograph 03: Tributary 4 at a location oograp 04: Tributary 4 near confluence
downgradient of the OVGC access road (June point with Credit River (June 2024).
2024).

A summary of the key characteristics at the subject channels is provided in Table 1 and includes field-
surveyed (or -inferred) channel dimensions and conditions, desktop-based hydraulic and catchment
area calculations, and pebble count derived grain sizes.
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Table 1. Summary of Observed and Derived Geomorphic and Hydrotechnical Conditions at

Subject Channels

Geomorphic and
Hydrotechnical
Parameters at
Selected Cross-

Section Location

Catchment Area

Subject Channel

Tributaries of Credit River

East Ponds Outlet
Channel (2

Tributary 4 (3

Mainstem of Credit River

Credit River at
East Ponds
Outlet Channel

Credit River at
Tributary 4

(mm) 49

(ha) ® 16 229 15,051 14,759
Surveyed Channel

Gradient (%) 0.71 0.96 0.38 0.30

Surveyed Bankfull

Width (m) 2.53 2.89 14.19 14.70
Surveyed Bankfull

Depth (m) 0.31 0.20 1.02 0.66

Bed material -

Calculated Dso 10.8 <2mm 26.2 27.9

Bank material -

Silty sand with small

Silty clay with fine

Silty/sandy clay
with small to

Silty/sandy clay

(m/s)

Observed to large cobbles to medium sand large cobbles

Inferred

Manning’s n 0.045 0.045 0.045 0.045
Field Measured .

Flow (m3/s) 0.021 No Flow (Standing) 0.547 0.450
Calculated

Bankfull Discharge 0.41 0.44 14.75 8.95
(m3/s)

Calculated

Bankfull Velocity 0.71 0.75 1.02 0.92

(1) Catchment areas at the subject channels were estimated based on the Ontario Watershed Information Tool

(OWIT),

seasonal/intermittent drainage from the irrigation ponds at OVGC.
(2) Calculated hydraulic conditions at East Ponds Outlet Channel (as well as the surveyed channel gradient)
were estimated based on the channel length located downstream of the knick point and berm.
(3) Surveyed channel dimensions and calculated hydraulic conditions at Tributary 4 were estimated at the
location that included discernible bed and banks (i.e., incised channel at the downstream-most extent of

the watercourse).

noting that the estimated catchment area for Tributary 4 does not account for the

(4) The full suite of available pebble count results on a reach-specific scale were used to generate the reported
bed material values for each of the subject channels (i.e., calculated Dso values). The laboratory-based
grain size results were used, for descriptive purposes, to provide a more fulsome characterization of the
fine-grained component of the sampled substrate (or, in case of sites/samples dominated by fines, relied
on to infill for the calculated Dso values where pebble count analyses were not possible or practical).

(5) Field measured flows were obtained from July 23 to July 25, 2024.
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Erosion Threshold Assessment

The results of the erosion threshold assessment are presented in Tables 2 and 3. This includes the
estimated erosion thresholds for each of the subject channels (Table 2), as well as a comparison of the
threshold values with the characteristic flow conditions to provide a means of assessing the channel
capacity to accommodate added flow contributions from the Project or other (Table 3).

Geomorphic

Table 2. Summary of Erosion Threshold Results at Subject Channels

Subject Channel

and
Hydraulic
Z:?::::er: Tributaries of Credit River Mainstem of Credit River
Cross-
LSecttiPn East Ponds Tributary 4 Cr::s': I;Lvnec:'sat Credit River at
ocation .
Outlet Channel Outlet Channel Tributary 4
Bed Bank Bed Bank Bed Bank Bed Bank
S:Itt;f:?tly or 0.45 0.34 0.46 7.18 0.76 0.53 0.76 7.18
Shear Stress m/s m/s m/s N/m? m/s m/s m/s N/m?2
Critical
Discharge 0.100 0.100 0.134 0.149 3.859 3.153 3.668 2.284
(m3/s)
Erosion
Threshold 0.100 0.134 3.153 2.284
(m3/s)
. . Critical velocity of . .
G e g | 076 m/s attneea | ST ol o
Critical velocities of | \/as based on Fischenich (2001) | Was based on
Fischenich (2001) for " " Fischenich (2001) for
0.34 m/s and 0.45 a “fine to medium for “small cobbles “small cobbles”:
m/_s were based on sand” and resulted in ar!d_ resu_lted In a corresponding to a
Julien (1998) for a critical discharge of critical discharge of critical discharge of
“medium sand” and 0.134 m¥/s 9 3.859 m3/s. 3.668 m?/s 9
“firm sandy loam”, ' : ' '
res_pectlvely; each of Critical shear stress of Critical velocity of Critical shear stress of
which corresponded 7.18 N/m?> at the 0.53 m/s at the 7.18 N/m? at the
to a critical discharge b.anks was based on banks was based on bénks was based on
Notes on of 0.100 ms. Chow (1959) for Julien (1998) for Chow (1959) for
et “sandy-loamy clay” | we_:
. fairly compact sandy f fairly compact sandy
g'.-'t';al E?girt]rtw:irmrposes of clays” and resulted in 22&;‘15‘;"&?2;: 2 of clays”; corresponding
E;:icmg:gz conservati\g/]e a critical discharge of 3.153 m¥/s 9 to a critical discharge

estimates, the
observed cobbles at
the channel (present
as a minor
component at both
the bed and banks)
were not considered
in the erosion
threshold
calculations.

0.149 m3/s.

For the purposes of
maintaining
conservative
estimates, the
observed cobbles at
the channel bed
(present as a minor
component at most
locations) were not
considered in the
erosion threshold
calculations.

For the purposes of
maintaining
conservative
estimates, the
observed cobbles at
the channel banks
(present on a
variable basis) were
not considered in
the erosion
threshold
calculations.

of 2.284 m3/s.

For the purposes of
maintaining
conservative
estimates, the
observed cobbles at
the channel banks
(present on a variable
basis) were not
considered in the
erosion threshold
calculations.
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Table 3. Comparison of Erosion Threshold Results with Characteristic Flow Conditions at

Subject Channels

Characteristic Flow

Rate

M ORPHIX"™

Existing Flow at
Channel (m3/s)

Proportion of Flow at
Channel Relative to
Critical Discharge

(%)

Proportion of Flow at
Channel Relative to
Critical Discharge

(m3/s)

East Ponds Outlet Channel (ET 0.100 m3/s)
Field-Measured Flow 0.021 21% -0.079
Min Monthly Flow 0.001 1% -0.099
Max Monthly Flow 0.004 4% -0.096
2-Year Flow 0.068 68% -0.032
5-Year Flow 0.127 127% +0.027
10-Year Flow 0.157 157% +0.057
Tributary 4 (ET 0.134 m3/s)
Field-Measured Flow No Flow (Standing) N/A N/A
Min Monthly Flow 0.014 10% -0.12
Max Monthly Flow 0.052 39% -0.082
2-Year Flow 0.525 392% +0.39
5-Year Flow 0.914 682% +0.78
10-Year Flow 1.196 893% +1.06
Credit River at East Ponds Outlet Channel (ET 3.153 m3/s)
Field-Measured Flow 0.547 17% -2.61
Min Monthly Flow 0.939 30% -2.21
Max Monthly Flow 3.410 108% +0.26
2-Year Flow 11.405 362% +8.25
5-Year Flow 21.362 672% +18.21
10-Year Flow 29.469 935% +26.32
Credit River at Tributary 4 (ET 2.284m3/s)
Field-Measured Flow 0.450 18% -1.83
Min Monthly Flow 0.921 40% -1.36
Max Monthly Flow 3.343 146% +1.06
2-Year Flow 11.236 492% +8.95
5-Year Flow 21.046 921% +18.76
10-Year Flow 29.033 1,271% +26.75

The key findings from the comparison of the erosion threshold estimates with the characteristic flow
conditions are presented below:

¢ Mainstem of Credit River - The characteristic flow rates at the mainstem of the Credit River
were shown to be lower than the estimated erosion thresholds for flow rates up to and including

the minimum monthly flows (at both areas of interest at the river - downstream of each of the
.
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confluence points with the subject tributary channels). This suggests that, under existing
conditions, channel stability at the Credit River can be maintained under low to moderate flows,
but sediment entrainment and transport is inferred under seasonally higher flow rates (e.g.,
spring freshet) and larger flood flow conditions. To that end, the capacity of the channel to
accommodate additional flow volumes from the Project or other would be expected to align to
this same flow regime. However, for added context, it is important to point out that the
preliminary estimates of average annual pump rates from the Project (i.e., 18 L/s as described
in WSP [2023]) represent less than 1% of the maximum monthly flow and 2-year flood event
at the Credit River, meaning that, even under high flow events, the supplementary flows
(assuming some or all would passively drain from OVGC to the receiving environment) would
serve to provide little to no added risk of heightened rates of channel erosion.

e -

e Tributaries of Credit River - The characteristic flow rates at the East Ponds Outlet Channel
and Tributary 4 were shown to be lower than the estimated erosion thresholds for flow rates up
to and including the maximum monthly flows, and, in the case of the East Ponds Outlet Channel,
the 2-year flow event. This suggests that, under existing conditions, channel stability at the
subject tributaries of the Credit River can be maintained under a wide range of low to high flow
conditions, and, because of this, the capacity of the respective channels to accommodate
additional discharge volumes during similar types of flow periods would be expected to follow
suit. Similar to the identified comparisons for the mainstem of the Credit River, the estimated
average annual pump rate from the Project represents less than 3% and 2% of the respective
2-year event and 5-year event at Tributary 4, meaning that, under larger flood flow events, the
supplementary flows would be equally inconsequential from the standpoint of added erosion
risks. In contrast, for the East Ponds Outlet Channel, the estimated average annual pump rate
from the Project represents approximately 26% and 14% of the respective 2-year event and 5-
year event.

4.0 SUMMARY OF RESULTS AND DISCUSSION

Based on a review of the results from the fluvial geomorphology study at subject channels of the Credit
River and tributary system, Project-related effects on the characteristic erosion-sedimentation processes
in the receiving environment are expected to be negligible. This considers that the subject channels
were shown to be relatively stable under existing conditions, noting some evidence of active erosion
processes (widening and degradation) at the East Ponds Outlet. It also considers that, based on the
derived erosion thresholds and the preliminary estimates of average annual pump rates from the Project,
the subject channels include sufficient capacity to accommodate an increase in flows (while still
maintaining channel stability) under a relatively wide range of runoff conditions.

Further to the above, the results review suggested that Tributary 4 would serve as the preferred
conveyance path to direct the discharge waters from the Caledon Pit/Quarry to the Credit River (via the
OVGC). This was based on the following inferences and observations:

e The existing irrigation infrastructure/network at the OVGC site, coupled with the associated
passive drainage processes, could be relied on to manage the discharge waters from the
proposed Caledon Pit/Quarry (through a new or amended PTTW), with the understanding that,
given the expected water demands at the golf facility, the storage and taking practices at the
irrigation ponds could serve to reduce the actual quantity of water directed to the Credit River
(i.e., some or all of the pumped water could be re-purposed for irrigation depending on the time
of year), and, as part of that, further limit any added risk of increased rates, however negligible,
of downstream erosion-sedimentation processes.

e Channel stability at Tributary 4 was shown to be especially prominent, with specific consideration
of the low gradient of the channel and associated wetland influences, the dense/heavy
vegetation cover at the banks and overbank zone, the strong connection to the floodplain, and
the absence of erosion and depositional features.

e The estimated erosion threshold at Tributary 4 was shown to be slightly higher than the
associated value at the East Ponds Outlet Channel.
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Of note, the East Ponds Outlet Channel could still serve as a potentially viable option to receive and
convey supplementary flows from the Caledon Pit/Quarry and OVGC (given that the channel was shown
to support relatively stable conditions [albeit with some evidence of active erosion] and demonstrated
a suitable level of capacity to accommodate additional flows). However, the implementation of this
alternative would likely require alterations to one or both of the outlet structure/berm and channel to
improve the physical stability and drainage capacity of the outlet area and the installation of new water
management infrastructure at the OVGC (to direct water to the East Ponds from the central or other
part of the site).

Staying on the topic of potential mitigation requirements and assuming that pump rates from the Project
remain generally in line with the preliminary estimates from WSP (2023), there is no evidence to suggest
that channel protection measures would be required at Tributary 4, or, for that matter, the Credit River,
to accommodate the additional flow inputs. However, in the interest of maintaining channel stability in
the receiving environment, and as part of this, appropriately managing the discharge of pumped water
to OVGC, the implementation of the following general mitigation plan is recommended at the Tributary
4 and Credit River system:

e During typical/normal flow conditions (i.e., periods of low to moderate flow rates), the total
flows at Tributary 4 and the Credit River (including any supplementary flows that are allowed to
passively drain from the OVGC site) should be maintained at or below the erosion threshold
limits for the subject channels; and

e During comparatively higher flow events (when flow rates could theoretically exceed the
estimated critical discharge limit), the total flows at Tributary 4 and the Credit River (including,
again, any supplementary flows that are allowed to passively drain from the OVGC site) should
be maintained within 5% of the estimated flow rates under existing conditions, recognizing that
this upper bound (of 5%) is expected to be well within the range of natural variation for a given
flow event.

CLOSURE

We trust that the content of this technical memorandum meets your current requirements. However,
should you have any questions or comments, please direct them to the undersigned.

Respectfully submitted,

Karine Smith, M.Sc. Jan Franssen, Ph.D
Environmental Scientist Senior Watershed Scientist

Andrew Forbes, M.Sc., P.Geo.
Associate Director, Technical Lead
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Reach Photographs



Photo 1
East Ponds Outlet Channel, Caledon, ON
July 24, 2024

East Ponds Outlet Channel - facing downstream at the upstream portion of the reach.
Heavy encroachment of vegetation into the channel was observed throughout the
upstream extent.

Photo 2
East Ponds Outlet Channel, Caledon, ON
July 24, 2024

East Ponds Outlet Channel - facing upstream within the upstream extent. A knickpoint
and culvert were identified immediately downstream of the East Ponds berm.

PN - 24061
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Photo 3
East Ponds Outlet Channel, Caledon, ON
July 24, 2024

East Ponds Outlet Channel - facing downstream. Undercutting was observed along the
left bank.

Photo 4
East Ponds Outlet Channel, Caledon, ON
July 24, 2024

" < I3
3 s - ’ o
A SN

East Ponds Outlet Channel - Bed materials consisted predominantly of medium to very
coarse sand.
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Photo 5
East Ponds Outlet Channel, Caledon, ON
July 24, 2024

East Ponds Outlet Channel - Bank materials consisted predominantly of silt and fine to
medium sand, with small to large cobbles.

Photo 6
East Ponds Outlet Channel, Caledon, ON
July 24, 2024

East Ponds Outlet Channel - facing upstream at the confluence with the Credit River. A
small vegetated island was present at the confluence.
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Tributary 4 - facing downstream at the upstream extent. A high density of woody debris
was found throughout the channel.
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Tributary 4 - facing downstream. Heavy encroachment is observed throughout, with no
observed evidence of erosion-sedimentation features.
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Tributary 4 - the channel was poorly-defined and dry at time of assessment with the
upstream extent, with some ponded water found within pools.
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Tributary 4 - bed materials along the downstream extent consisted of fine to medium
sand and scattered small to large cobbles.
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Tributary 4 - bank materials along the downstream extent consisted of silty-clays and
very fine to coarse sand.
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Tributary 4 - facing downstream near the confluence with the Credit River at the
downstream extent. The channel widened and small to large cobbles were apparent along
the bed.
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Credit River - facing the left bank. Undercutting and exposed roots were observed
downstream of the confluence with Tributary 4.
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Credit River - facing upstream. The Credit River flows through an open meadow located
between the confluence with Tributary 4 and the East Ponds outlet channel.
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Credit River - facing upstream, downstream of the confluence with the East Ponds outlet
channel .
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Credit River - facing the left bank, downstream of the confluence with the East Ponds
outlet channel. Valley wall contact was observed.
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Credit River - facing the right bank, upstream of the confluence with the East Ponds
outlet channel. Bank materials consisted of fairly compact silty/sandy clays with small to
large cobbles.
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General Site Characteristics

Project Number: 745§

GEO

MORPHIX™

Date: lozy ~0. 9 Stream: Bl oo Ted
Time: fs p& Reach: East Ponds Outlet Channel
Weather: 11° cLoup\ Location: v C
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T

Eroded bank/slope
Undercut bank

8 Scour chains

Additional Symbols

EXIXZd Bank stabilization
=3 Leaning tree
WX Fence
L1 Culvert/outfall
Swamp/wetland
WYY Grasses
€3 Tree
(;?-;:"'-*3 Instream log/tree
¥ ¥ Woody debris
%% Beaver dam
T 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 S6 Small boulder
S2 Sand S§7  Large boulder
S3 Gravel S8 Bimodal

S4  Small cobble
S5 Large cobble

S9  Bedrock/till

Other

vy

coveces Fuul
L

Iy [T
2 %
s :
C; (I s
[ a9 2 i
P O & > O
5 .
(]
QL 3025 g d
P e )
@ oy 42 iy
Q= A7 . o
;1& Lrs r:y_
2 [ 4
& 5 w

BM Benchmark EP Erosion pin (% PET
BS  Backsight RB  Rebar - ' T
«— CoBB.r ¢ -
DS  Downstream US  Upstream PELE (RiFe Le) —
WD  Woody debris jam TR Terrace I || | |
VWC Valley wall contact  FC  Flood chute CREDIT Rivg g
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes: ( ,_ uget = 0.30 m
Kntek = B.71S 0
Version #4

Last edited: 21/02/2023

Senior staff sign-off (if required):
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Detailed Assessment Long Profile (Level) Project Code:

GEO

\ MORPHIX"

Date: Loz~ 077~ 714 Reach: East Ponds Outlet Channel
Time: K \§ Location: VR H W
Weather: 12° cloupM Watershed/Subwatershed: | 2:0/7 £,y R
Field Staff: E(: M e Rain in last 24 hours: ONone [OYes:Amount___ mm
Top Middle | Bottom Angle Water XS Notes Survey Direction
190 0%@6 h 010 195 2. 0140 M Upstream to Downstream
080 [g242 | DTS 2572 014G O Downstream to Upstream
o181 |0B&GL |0T123 [251.5| 0186 Cross-sections 3
102.5 000 (o112 |25 03072 No. of Cross-sections Surveyed: >
vott2 |og g |o1az | 251 o319 Monitoring Cross-sections: B.No O Yes
1085 oo 0828 2670 oa4s XS ID: =
jbio B8 [1%0S (2672 (390 Erosion Pin Installed: B.No O Yes
6ol [\487 |1370 [15L | 1381 XS ID: / /
Y5849 |159 1263|282 (1891 Velocity & Sediment Transport
15947 [ 1490 | 1382|252 |[|4b03 O velocity 0- 1125 m/s  Method:
t6|0 1510 |40% 15 2.8 1o | KRS l 0 Discharge - m/s
1996 | |See |[|q02Z |253 |40 Sed. Transport (Table 21): O Suspended
1602 | 1S51°0 |(422 [252.Z[141® O Sliding O-Rolling O Saltation
{ G 28 | 6 6 { [ “‘\ o b Z‘:) A “—1 ‘)_Z_ Percentage of Bed Active: %
1631 (1552 [I4y1b |150°0 (1415 Valley Type (Table 2)
1992 [\51% [V\Hs (1250 [tQ19 Rl Confined O Partially O Unconfined
1589 | 1825 [1467 [249% 1Y 2 Channel Zone (Table 4)
Sq1 | ! SHI |148¢ |24 fayl. O Headwater /< Transfer O Deposition
54615461496 |49 [1415 [Xs 2 Land Use (Table 1)
6ol | 159 |ISIS | 248.5 (14134 Foves7ED
1449 [(565 [1s29 (LU lEes Vegetation
1588 |\1S60 [1520 |[2HQ9 1437, Aquatic Vegetation: Za
156®| 1506 | SH6 |2Y2 1429 CWaweMR%m;_J/( %
1981|1976 \S3Y |14 114372 O In Stream [ Margins O On Bank
(SQ% |'682 | S69|13%36 1428 | XS 3 Riparian Vegetation: O No X Yes
1585|1576 1Isee |21 932 Extent of Riparian Cover:
\go 2 16oS boo 182..5 1429 O Fragment [ None & Continuous
022 |1eVL |10z |l2) el Riparian Cover (channel widths):
cHR |22 |lelp |08 [1430 014 £.4-10 0>10
\%’2— 5 | 5‘4 5 )5 @2 | % ?, ] L{% 1 Age Class of Riparian Vegetation:
Immature  Established Mature
O (<5yrs) O(5-30yrs) & (>30 yrs)
Extent of Encroachment:
O None O Minimal O Moderate
EXHeavy O Extreme
Density of Woody Debris:
O Low & Moderate O High
Blockage(s) in Channel:
O Infrastructure 0O Dam O LWD
Version #3 Senior staff sign-off (if required): Checked by: _KS Completed by: & £

Last edited: 21/02/2023
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GEO

Detailed Cross-Section Characteristics Project Number: 7404 AT
Date: Tgou ~071~ 24 Cross-section: ®xS |
Time: 1% 00O Reach: East Ponds Outlet Channel
Weather: LT Suwuwy Location: ovée
Field Staff: EF MK Watershed/Subwatershed: | (teo T 2ueg
e N Nor Notes Cross-sectional Morphology (Table 22)
1.71s a1 |18 e JRiffle [ Pool O Run [H.QOther
2. w L1 Substrate Sample:
2..4S 1%L 0O Bed [ Bank O Subpavement O Water [J None
.4 1481 Pebble Count Measurements A/B/C Axes (cm):
L.65  [1640 A:B:C|A!B C|A!B!iC|A!B:!C
3 O T - 4 AL N 2% T . - SAND.
31 290 | | [ b 5 I T . = WD
sgg [30at] [ [ T 7 [ 0.9 | . 3 | 2 T = S
3.5 |33]|[BR Sitloapant g i okl i)
RETIET T N I ) R . L 3.3 ... w2 0
3.95 RS23L[° L. O [ T s R |
410 36l ke 18 | (52—
.25 1365k ||nG 4 38{0358i3823|STi 3 hos] I |
{.4S [2130 SIS S (2% I I Y. v il
) b S 27['}3 |} H.% t:4 \V
.2 744 1 - Particle Shape: [J Platy 0 Very Angular
.’;'_ :,75 Y ETA 7§ Sub-angular O Angular O Rounded /
£ 1L18610lweE 78 Sub-Rounded [ Well Rounded
.20 (2216 Embededness: _ 1O 9% =%
s.4 3(‘!2% Subpavement: [Pebble ABC axis guide]
9.65 23 44 Sorting (Table 20): (1 Well 7 Moderate [ Poor [ Very poor
S 8 S 2720 Sediment Transport
b ) 2\ 2L O Obsv @_Not Obsv [J Not Visible - Reason:
6.4 |307k If Observed (Table 21):
.95 USSE O Suspended I Sliding [ Rolling [ Saltation
Percentage of Bed Active: %
Velocity
R Measured ().!S2 _m/s Method: _\n[
O Estimated m/s XS ID: X5 |
Distance __ 'O m Time ©:83 ¢ v 0146 m/s
Distance _ "2  m Time b .44 s V_0.ISS m/s
Distance _!_Q_m Time ©-41 s v 0.154 m/s
Discharge
O Estimated m3/s Method:
0O Measured m?/s XS ID: _
Depth m Width m Vs; m/s
Depth m/Wﬁh// m Vso m/s
Depth’ m Width m Veso my/s
L;se Vso if Depth < 0.75 m and V2o / Vso if Depth > 0.75 m
Version #3 Senior staff sign-off (if required): Checked by: KS Completed by: _ {4 Y
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Bank Characteristics

Project Number: 7406/

GEO

MORPHIX"

Date: 728 -G1-TY Cross-section: | X\

Time: 7200 Reach: East Ponds Outlet Channel
Weather: 226C  Sunnyg Location: QVeC

Field Staff: CE Yy Watershed/Subwatershed: | (T

Sketch (Viewed Downstream) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
ocation, bed & bank materials, approx. water level, evidence of erosion, stratification in bank sediments, soil horizons, bankfull indicators, woody debris, roots, etc.
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Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location O Bedrock O Gravel
o Till & Small Cobble I— 1 | Monumented XS a Till B Small Cobble
0O Clay ®) Large Cobble @ Monumented photo O Clay & Large Cobble
& Silt O Small Boulder Undercut bank b¢ Silt [ Smalt Boulder
E{Sand OO0 Large Boulder Eroded bank/slope @ Sand 1 Large Boulder
Bank Height: .9 m IXXXR | Bank stabilization Bank Height: 2.1 m
Bank Angle: _ 9O ° x % -x | Fence Bank Angle: 40 °
RootDepth: -2  m VYV | Grasses Root Depth: — [.O m
Root Density: 10 % Leaning tree Root Density: __‘_S— %
Undercut: S S m Tree Undercut: S m
Erosion Pin: _L_ m Woody Debris Erosion Pin: Zi m
Torvane: __©.25 kg/cm? Sediment sample Torvane: 0.25 kg/cm?
Penetrometer: A kg/cm? Erosion pin Penetrometer: o Y kg/cm?
Foot Used: 0O Yes B8 No Scour/bed chain Foot Used: O Yes B+ No
Additional Notes
Photos:
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Detailed Cross-Section Characteristics

Project Number: 1106

GEO

MORPHI X"

Date: 1o72d~ o171l Cross-section: o
Time: 215 Reach: East Ponds Outlet Channel
Weather: 2°? CLoueM Location: OV G C
Field Staff: et M Watershed/Subwatershed: | (peo v 2,z B
® N WNorg Notes Cross-sectional Morphology (Table 22)
195 | pUS  [wB O Riffle O Pool O Run [ Other
2.9 13k Substrate Sample:
2.25 139k 0O Bed O Bank O Subpavement [ Water [J None
5 1920 Pebble Count Measurements A/B/C Axes (cm):
7S e A'B!C|/A! B! C|A!BIiC|AiB!C
3.9 [V9e7 S IO C S §:3 __|.SAND
2.1S (2069 £2 | S
2.8 l27eg T T 1 T 1[5 T 21 | N
3.15 2300 Wit |sdissit |u e e] T
oo [BSTE U O I
A0 P I I I el a3 ..l %z | |
Hylzea] [ T T [T s | EL
4 .ud 3006 4 10817 U3 d T g eg] iy
i [sek8lwe | | | | [T s-l | Te.q | 2 | T
— | 3161 el 19 | e [T {’ """"
2L | 4806 Particle Shape: [J Platy O Very Angular
< 4% 2120 { Sub-angular O Angular O Rounded
S5 | i I Sub-Rounded [ Well Rounded
$.q |216S Embededness: _ 59 9,
G i S % | u\ (: Subpavement: [Pebble ABC a():fs guide]
b4 3015 | WY Sorting (Table 20): O Well & Moderate (] Poor (I Very poor
6.5 | 2024 Sediment Transport s
b,sS [ 2838 B Obsv 07 Not Obsv (I Not Visible - Reason:
b.6S | 2144 If Observed (Table 21):
B 2630 | g . Suspended [ Sliding [ Rolling O Saltation
7.08 | 2470 Percentage of Bed Active: ___[. 0 %
1.2¢| 2361 Velocity
1. 4| 22056 B Measured _0.04% m/s Method: I B
1.65 1oG3 O Estimated m/s Xs1p: XS
1.85 [ 1951 Distance _9-°  m Time_9.64 s v 0002 m/s
B_fq 1339 Distance _©- < m Time /0-R8 s V.0.049  m/s
8. 3S \8oo Distance_ -5 m Time /[-44 ¢ v 0.043 m/s
8.5 |11720 Discharge
2.2 |Xens O Estimated / m?/s Method:
Jo |[1sH4L [ Measured i m3/s XS ID:
9.5 | 465 Depth M Width m Vso m/s
g 41113 al Depth ' m Width m Veo m/s
Depth / m Width m Vso my/s
Use Vsolif Depth < 0.75 m and V2o / Vo if Depth > 0.75 m
Version #3 Senior staff sign-off (if required): Ef
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GEO

Bank Characteristics Project Number: 710bL)\ SRR
Date: 2024-071-24 Cross-section: AT
Time: R Reach: East Ponds Outlet Channel
Weather: 77°C  Suonmwy Location: QVGC
Field Staff: € € M Watershed/Subwatershed: |1,

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

—

N

Y- 15{“ f\";‘v\/

Y

oy P

ﬂ/f

r\
o

[—P‘\, :""{ 5 )
AN
Pyl \ \ \/ P
Y Roors
v
) SmAalL [t
UNPERLLT [
A L)
“—-'_‘_‘»_..—-—-“__'-"N‘_" J,f' —
- S
B Kongee | EL W]
0
Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location O Bedrock 0 Gravel
o il ® Small Cobble I—1 | Monumented XS O Till @ Small Cobble
0O Clay & Large Cobble @ Monumented photo O Clay i Large Cobble
0. Silt O Small Boulder ---=== | Undercut bank B Silt 0 Small Boulder
[* Sand O Large Boulder }H#H Eroded bank/slope @ Sand O Large Boulder
Bank Height: 1.15 m Bank stabilization Bank Height: — 195  m
Bank Angle: 508 i %-%-% | Fence Bank Angle: Y5 =
Root Depth; —  1-©  m WY | Grasses Root Depth: K
Root Density: —19 % =3 | Leaning tree Root Density: — 19 %
Undercut: 2 m 3 | Tree Undercut: 24 m
Erosion Pin: 4 m XX ¥ | Woody Debris Erosion Pin: Oy Tt m
Torvane: Q.3 kg/cm? 1™ Sediment sample Torvane: 2 kg/cm?
Penetrometer: Z kg/cm? [ Erosion pin Penetrometer: kg/cm?
Foot Used: O Yes @ No 8 Scour/bed chain Foot Used: O Yes % No

Additional Notes

Photos:
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Detailed Cross-Section Characteristics Project Number: 7t . , i
Date: 2otd "o 1-24 Cross-section: ¥s 2
Time: 12 2O Reach: East Ponds Outlet Channel
Weather: VL2 CLouDV Location: oVe L
Field Staff: Ee Mk Watershed/Subwatershed: | Ppcp v Riysg
X Ny Nere Notes Cross-sectional Morphology (Table 22)
).1S 1284 | L8 P O Riffle O Pool [ Run PXOther
7.0 1378 Substrate Sample:
2.2% 1£12. 0O Bed O Bank O Subpavement [J Water O None
s 132 Pebble Count Measurements A/B/C Axes (cm):
2.75 | 1849 ABiC|AiBIC|ABiC|A:B:C
3.0 |73 | pr
31 2295
2.28 |299%
3.3 2s51]
3.42 | 2 582| W€
3.£5 2049
3.9 2904
Hos |2T08
423 [2940
Y.¢5 (2750
Yy o 273¢ Particle Shape: O Platy O Very Angular
G .ok Z‘]L.)e' & Sub-angular O Angular O Rounded
5.3 |1152 B Sub-Rounded (1 Well Rounded
S. 565 |2600|wE Embededness: _ 10 o A
5.45 172423 | BR Subpavement: [Pebble ABC axis quide]
5.75 |22%%z Sorting (Table 20): [J Well (I Moderate CXPoor [ Very poor
5-7% 2083 Sediment Transport
§.o |2002 O Obsv [K.Not Obsv I Not Visible - Reason:
6.2 | 1900 If Observed (Table 21):
6.4 |74% O Suspended ([ Sliding [ Rolling (O Saltation
6.7 1662 Percentage of Bed Active: %
L q |56 & Velocity
1.1 1924 3 Measured 9.02% m/s Method: 5
.34 (1329 [RB Ay O Estimated ___ m/s XS1D: A5 2
Distance _ 0.5/ m Time _20-25 g v_0 078 m/s
Distance —m-Time _ ——E m/s
Distance _- ———m—Time — s V m/s
Discharge
O Estimated m?3/s Method:
O Measured m?/s XS ID:
Depth m Width m Vso m/s
Depth m Width m Vo m/s
Depth __ m Width m Veo m/s
Use Veo if Depth < 0.75 m and V20 / Vao if Depth > 0.75 m
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Bank Characteristics Project Number: L0k,
Date: Z0zh - O1-7Y Cross-section: ‘ 87
Time: \Trae Reach: East Ponds Outlet Channel
Weather: 2722 C Sunny Location: Ovac
Field Staff: CE M Watershed/Subwatershed: | ("

Ske_tch (Viewed Dowpstream) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
location, bed & bank materials, approx. water level, evidence of erosion, stratification in bank sediments, soil horizons, bankfull indicators, woody debris, roots, etc.
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O Bedrock [ Gravel R Station location O Bedrock O Gravel
o Till . Small Cobble L1 | Monumented XS o Till A Small Cobble
0 Clay @ Large Cobble () | Monumented photo O Clay ¥ Large Cobble
® Silt 0O Small Boulder | | - Undercut bank . Silt [J Small Boulder
@ Sand O Large Boulder HHH | Eroded bank/slope i sand [J Large Boulder
Bank Height: L.0 m KXZXX | Bank stabilization Bank Height: — 2-5 ~ m
Bank Angle: 55 : %-%-% | Fence Bank Angle: 10  °
Root Depth: — -2 m WYV | Grasses Root Depth: L2 m
Root Density: S g =$» | Leaning tree Root Density: — O o
Undercut: e ® owm 3 | Tree Undercut: 0.0b m
Erosion Pin: __/—‘.___ m KX ¥ | Woody Debris Erosion Pin: / m
Torvane: — 0. kg/em? 1= Sediment sample Torvane: —0-Z5 gg/em?
Penetrometer: __]__6— kg/cm? o Erosion pin Penetrometer: __g_'S_. kg/cm?
Foot Used: O Yes @ No 8 Scour/bed chain Foot Used: O Yes E:No
Additional Notes
Photos:
Version #4 Senior staff sign-off (if required): Checked by: _ KS Completed by: _EF

Last edited: 21/02/2023
Page of




General Site Characteristics

Project Number:

2406

GEO

MORPHIX"

Date: zq;-_ Li- M™1. '2 3 Stream: Toos M
Time: 0. 1S Reach: 1 2R Ly
Weather: C aaey 2590 Location: OV G.C
Field Staff: = Watershed /Subwatershed: C zepiT Rwew
Features Monitoring Site Sketch Compass
= Reach break -0-0-0~ Long-profile
R Station location I——1 Monumented XS ~
¥—* Cross-section @ Monumented photo \ \
—* Flow direction ¢ Monumented photo 5
A Riffle direction g
> Ppool W sediment sampling C‘“-\
«®® Sediment bar IO Erosion pins S
it Eroded bank/slope 8 Scour chains

Undercut bank
EXXZXa Bank stabilization
Leaning tree
*--X  Fence

L__1 Culvert/outfall
Swamp/wetland
WWY Grasses

Tree

Instream log/tree
Woody debris
Beaver dam
Vegetated island

Additional Symbols

IV laste cm«‘(&q

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 r_/:-.f\

S1  Silt S$6  Small boulder

S§2 Sand S7  Large boulder

S3  Gravel S8 Bimodal

S4  Small cobble S9  Bedrocky/till

S5 Large cobble o
Other € L]
BM Benchmark EP Erosion pin =~ = [
BS  Backsight RB  Rebar ( _\3 [
Ds Downstream us Upstream ; =
WDJ  Woody debris jam TR Terrace i T ]
VWC Valley wall contact FC Flood chute
BOS  Bottom of slope FP Flood plain Photos:
TOS  Top of slope KP Knick point Notes: YecmHent coolinn o : ) =
Version #4 Senlor staff sign-off (if required): Checked by: __ES__ Completed by: _ =~
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Detailed Assessment Long Profile (Level)  Project Code: 7. o1, PR R
Date: 2024~ 071~ 23 Reach: Teup Y
Time: "-1s Location: OVGC
Weather: Sonay 28°C Watershed/Subwatershed: | fperr Ly ev
Field Staff: Jy ‘¢E Rain in last 24 hours: 00 None [ Yes: Amount mm
Top Middle | Bottom Angle Water Xs Notes Survey Direction
1ga | \aw \E13 12 1%=Te) O Upstream to Downstream
200! 10371 Ikes| 7 1605 # Downstream to Upstream
357 IEH 74 .8 189S Cross-sections
€73 | 16 131 [%qo No. of Cross-sections Surveyed: _&
U3 1<z 133 s9s, Monitoring Cross-sections: [ No [ Yes
%03 | 17767 1735 3\ 1S90 XS ID: / /
72| 0% o 12¢ 1Sy < Erosion Pin Installed: O No R
At | 16671 | (kw3] 122 1590 XS IM
(W WL2% 106 LA 1S90 Velocity & Sediment Transport
S17 | ese | tsazl s 1924 | X\ YBF 1230 ®BEQ2Z | mvelocity 0. 236 m/s  Method:
1504 | MEE | M| uy (= (®) 0 Dischasge———m?/s
lb2% i 1802 74 b Sed. Transport (Table 21): O Suspended
ss | ess | s | 3 | e [ Xep [T v Wﬁ”"‘“
Sy 1903 VL% < M2 ercentage of Bed Active: %
G0 loHg| (827 I\ 425 Valley Type (Table 2)
<2 12 Mt s 426 O Confined O Partially " Unconfined
1556 \Hge ] L ({72 Channel Zone (Table 4)
M2 15SE] <90 2S5 % Ly O Headwater T Transfer O Deposition
1726 1bng 1SS 2353 Eee) Land Use (Table 1)
Mot | B9 | v2ge | 297 1204 Focested
b 30 I dyy dy & 211 121s \ Vegetation
4z B | o 2 205 Aquatic Vegetation: (cole ! g_mefoﬁ.\i
242s | 72z2v6 | 77 23 27271S Coverage of Reach: __ =) o
2N\ | Z3u9| 22%2 Zo 223S W In Stream [J Margins [ On Bank
7350 2290 2229 LY 2232 Riparian Vegetation: [ No X[ Yes
72320 2705 | 22%3 %A 2222 Extent of Riparian Cover:
22a% | 220% 7159 7S 7115 | X553 HBF 1950 -8 1500 O Fragment [ None W@ Continuous
2301 271h4Y 1Q ZIs Riparian Cover (channel widths):
2nu7 | 2302 | 2% | 112 | zns xSy [TX P FFE | pig 0 4-10 E>10
AR~ ZASY | 2133 gy ZI3y Age Class of Riparian Vegetation:
24 7S Z\0S 2\ 70710 Immature  Established Mature
2%\ | 2o | 2123 5 72095 : O(<5yrs) O (5-30yrs) W (>30yrs)
222 T\QS | 7wy 32% | 70§71 Extent of Encroachment:
2108 | 20671 | 2029 30 | ZoS7 O None O Minimal O Moderate
2wl | Z\on 705% | 207 — T Heavy O Extreme
TS 2619 202S|  2%4 (delyA Density of Woody Debris:
2192 | 206%| 70z%] 2%2 | 700%| ¥ss [ 9% FE | | Dlow  OModerate X High
23 2063 19c< 713 G0 Blockage(s) in Channel:
2080 [ 2oos| VWdzs | 727\ | l@s2 O Infrastructure 00 Dam & LWD
Version #3 Senior staff sign-off (if required): Checked by: KS Completed by: /}/ i
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GEO

Detailed Assessment Long Profile (Level) Project Code: Z4061 AR
Date: 702U -01~73% Reach: Tl H
Time: s Location: OV GC
Weather: Sionay 2R7C Watershed/Subwatershed: O
Field Staff: Ay @& Rain in last 24 hours: 0 None [ Yes: Amount mm
Top Middle | Bottom ‘Angle Water Xs Notes Survey Direction
YBZ | 26 A | I LG Shll & point 0 Upstream to Downstream
+76m!| 2108 | Zow) 1% (e O Downstream to Upstream
212 | zoz | 2019 << 4 6% Cross-sections
1073 (qac | Gz 1Qas No. of Cross-sections Surveyed: _ &>
2089 Zos3s| 20w | 93 T ss Monitoring Cross-sections: T No O Yes
20 | 2090 700, | %9 | oo X5 1D; / /
29%Q | oA | 7o 1K asy Erosion Pin Installed: [E. No O Yes
B4y | @z, | o0e] SE [ 1579 XS ID: / /
ZI30 |2, 2101 39 476 Velocity & Sediment Transport
201l 1Gb% | \ass| O | 11| XS6 "9 B | [oveodty w5 Methoa:
ZOa 109 s | 326G [CA%'O O Discharge m3/s
1P3 196s | gl 1zas]| 1'e | S~ not a coat Sed. Transport (Table 21): 0 Suspended
™3 100 1637 bis| 26 | — . O Sliding [ Rolling 7 Saltation
+3e | 21777 231 zoa| 12 1990 Percentage of Bed Active: %
7034 | Zoov | Yo | 2 G1g Valley Type (Table 2)
700 72011 1A€32 246 (293 0O Confined O Partially O Unconfined
gt| 209U zo2s | 2z2s 0% Channel Zone (Table 4)
2920 1999 BOE O Headwater O Transfer O Deposition
206! | Zog 2%7 | 1963 Land Use (Table 1)
2000 | aab | ga4a | Z2g2]
ou | @z | 1’93 72| 19972 Vegetation
1Qus z1s| 2972 | (€92 Aquatic Vegetation:
2030| 190 S| \§9G| 7<e 17 Coverage of Reach: %
ass \%%h | 1793] 2% 1525 0 In Stream [ Margins [J On Bank
Riparian Vegetation: [ No O Yes
Extent of Riparian Cover:
O Fragment [ None 0O Continuous
Riparian Cover (channel widths):
01-4 0 4-10 O >10
Age Class of Riparian Vegetation:
Immature  Established Mature
O(<5yrs) 0O(5-30yrs) O (>30yrs)
Extent of Encroachment:
O None 0 Minimal O Moderate
O Heavy 0O Extreme
Density of Woody Debris:
O Low O Moderate O High
Blockage(s) in Channel:
O Infrastructure ODam OLWD
Version #3

Last edited: 21/02/2023
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GEO

Detailed Cross-Section Characteristics Project Number: 7 L g | RS
Date: Loy -ol- 273 Cross-section: XS |
Time: 241 Reach: RiIB !
Weather: 7269 SNy Location: O\ G, ¢
Field Staff: EF \U Watershed/Subwatershed: | (LEDIT &)z e
4 Y NS Notes Cross-sectional Morphology (Table 22)
115 1950 | LB (FRiffle O Pool [ Run [ Other
2. 13 a5 Substrate Sample:
2.4 weEs O Bed [ Bank [0 Subpavement (] Water [J None
2.59 [wWe | s8¢ Pebble Count Measurements A/B/C Axes (cm):
7.4 2185 AiBic|lAaiBic|AaiBic|[AiB.C
2.9 . 1216 y
2\ TS
2725 [1230
323 2335
5.5 B2
3.6 |240S |(WE
3.9 2422
4 24728
Bz |7a7
4.4 2291
4.7 739 2 Particle Shape: [ Platy [ Very Angular
. 8¢ | M2 IXrSub-angular O Angular O Rounded
5.1 JuL e [ Sub-Rounded O Well Rounded
5.3 244 S Embededness: _5 © % 7
9.6 24171 Subpavement: [Pebble ABC axis guide]
<.8 2402 Sorting (Table 20): I Well O Moderate [ Poor I Very poor
6 225 Sediment Transport
6.7 |241S O Obsv [ Not Obsv [ Not Visible - Reason:
AR 7£9<% If Observed (Table 21):
6.8 2209 & [ Suspended O Sliding [ Rolling [J Saltation
4. ( 724 S Percentage of Bed Active: %
1z 2318 Velocity
oS 7749 W Measured () 1S5 m/s Method: i
N8 197 O Estimated ____ m/s XSID: X5
“7.9 7195 Distance _ [. D m Time_%1% sv 0SS m/s
o < 794] Distance _ 1" Q  m Time_k.b7l <y 0180 mys
1.3 | 882 Distance _ 1'Q _m Time_#-2°2 ¢y 0.4 m/s
1.48 [1R20 Discharge
t% g 178 S O Estimated m?/s Method:
9.1 < 1108 O Measured m3/s -XS ID:
9.5 [I6R8 Depth m Width s
9.8 1679 DEPthM___mIS
1022|1662 | RB Depth m Width m Vo m/s
Use Vso if Depth < 0.75 m and Vao / Vso if Depth > 0.75 m
Version #3 Senior staff sign-off (if required): Checked by: _KS Completed by: EE

Last edited: 21/02/2023
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GEO

MORPHIX™

Bank Characteristics Project Number: /406!
Date: POZU-01-7% Cross-section: P
Time: 71 Uy Reach: a6
Weather: 2620 Sui ( Location: ON G
Field Staff: v er Watershed/Subwatershed: | (¢

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

4 i ! II." - ,,__v"“‘*f“-\\ - N

4 a —
N

B
\ ) — 1 J ) L
b e ) L__{— — =
s I /

~

f \
\ N
5 - [ N
- { | N o~ N ; an i
) \ * \-\ gt ="

O

r—/' -'[f _.-"“": T : Ll . ? € Doy "
"'- a'l e i) 4 '.. A\
| j ' .\.\ \'.II i
\ \ o I'.I ”/ e
_\ 71 - \ 9 PE
i Uiy T2
Sy o2 ApAE . B
% \ -~ S
Y " ,\:},}&:‘ i N
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Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location O Bedrock O Gravel
a Till O Small Cobble I—1 | Monumented XS a Till O Small Cobble
@ Clay O Large Cobble (6] | Monumented photo & Clay [ Large Cobble
® Silt O Small Boulder | | 77 Undercut bank = Silt ] Small Boulder
O Sand O Large Boulder i | Eroded bank/slope O Sand O Large Boulder
Bank Height: Q.49 m EXXXR | Bank stabilization Bank Height: 4.5 m
Bank Angle: LS & x-%-% | Fence Bank Angle: 20 °
0.29 ; 9-70
Root Depth: __I._'—_ m W | Grasses Root Depth: —2- 2./  m
Root Density: — =~ % =35 | Leaning tree Root Density: —— 1= %
Undercut: — %X m 3 | Tree Undercut: — ¥ m
Erosion Pin: — % m % %% | Woody Debris Erosion Pin: S m
Torvane: _Jakenat  kg/em? 1™ Sediment sample Torvane: _ lakenat kg/em?
Penetrometer: _Lepresentative XS5 kg/cm? oorn | Erosion pin penetrometer: . representative XSpg cm2
Foot Used: O Yes O No 8 Scour/bed chain Foot Used: O Yes [0 No
Additional Notes
Photos:
|
Version #4 Senior staff sign-off (if required): Checked by: _KS Completed by: Ly

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

Project Number: 91,046\

GEO

MORPHI X

Date: lo14- p1—-12 Cross-section: weg &
Time: 3. 125 Reach: TR H
Weather: 26> S N Location: OV, C

Field Staff: LY Watershed/Subwatershed: | Cpr 01+ RWEKR

Y. N pore Notes Cross-sectional Morphology (Table 22)

S L0389 | 1§ O Riffle  [Pool O Run [ Other

9.2 ULL Substrate Sample:

2.27 |18 [ge O Bed O Bank [J Subpavement (] Water [J None

s 234s Pebble Count Measurements A/B/C Axes (cm):

1% 724499 A:B:C|lA:BiC|A!B!C|A!B!C
1.96  |71510 | wE oed | ok L 0.5 | Spef
sz aeeq 1 T 1T Y os [ L
2% T30 | | [ 1 I } g | | W
3 |1613 B N L T R
28 |26ss N 3 T A D A
w06 e8| T I T 1l CTTTT e | aE | e
4.9 eSS 1 T T T 10U = R o3 [T
Ub 1671 L Jesitel BT RS
4.9 1585 &/ ______________ - . 0.3 |
S. | 7156S I-s 1.9
.Y 7560 Particle Shape: [J Platy 0 Very Angular
5 b 1550 /X Sub-angular O Angular O Rounded
$.8 468 O Sub-Rounded [ Well.Rounded
b.o 245y Embededness: | 5 %

I 14$0 Sybpavement: i AR e quide]
6.3 24RO Sorting (Table 20): O Well O Moderate & Poor CI Very poor
.S 73 10 Sediment Transport
6.1 %58 O Obsv [ Not Obsv [I Not Visible - Reason:

.9 [74%0 If Observed (Table 21):
3 7¢4% 0 Suspended O Sliding [ Rolling [ Saltation
T8 2 <4 © Percentage of Bed Active: %
1.5 2860 Velocity
1.6 72502 [ Measured m/g$ Method: _ lea T1O0J
1.15~ 2380 | BE O Estimated /s XS ID
1:9 7832 Distance Time sV m/s
g 2320 Distance m Time sV m/s
£.2 1342 Distance m Time sV m/s
2.6 L2 Discharge
8.8 22350 O Estimated m3/s Method: il
9 1230 O Measured m/s XS ID:
9.2 |2150 Depth m Width m Veo m/s
G .+ 2010 Depth idth m Vso m/s
b 1940 Depth— m Width m Veo m/s
Y9s |I8a0]| Re Use Vso if Depth < 0.75 m and Vao / Veo if Depth > 0.75 m
Version #3 Senior staff sign-off (if required): Checked by: KS Completed by: er

Last edited: 21/02/2023
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GEO

MORPHIX"

Bank Characteristics Project Number: ZH0()
Date: 7621 -071-T> Cross-section: S
Time: 20 7S Reach: TR Y
Weather: T ans TH%( Location: Qvac
Field Staff: \W EE Watershed/Subwatershed: Ty

Sketch (Viewed Dow_nstrea m) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
location, bed & bank materials, approx. water level, evidence of erosion, stratification in bank sediments, soll horizons, bankfull indicators, woody debris, roots, etc.
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Left Bank Materials Features Right Bank Materials
0 Bedrock O Gravel R Station location O Bedrock O Gravel
o Till O Small Cobble 1 | Monumented XS o Till 0O Small Cobble
X Clay O Large Cobble @ Monumented photo & Clay [J Large Cobble
X Silt O Small Boulder | | 7 Undercut bank X Silt O Small Boulder
XSand [ Large Boulder HiHH | Eroded bank/slope X Sand O Large Boulder
Bank Height: (.58 m EXXXX | Bank stabilization Bank Height: g.58 m
[ 39 =4 e} €
Bank Angle: D $ x-%-% | Fence Bank Angle: 1 > _ =
Root Depth: .15 m VVV | Grasses Root Depth: gt m
Root Density: 5 % -» | Leaning tree Root Density: /S %
Undercut: X m 3 | Tree Undercut: L m
Erosion Pin: a m %X ¥ | Woody Debris ErosionPin: — m
Torvane: _lakenat  kg/cm? ™| Sediment sample Torvane: Takenat — kg/cm?
penetrometer: _representative XS5 kg /cm? gmm | Erosion pin Penetrometer;  representative XS5 kg/cm?
Foot Used: O Yes O No 8 Scour/bed chain Foot Used: O Yes O No

Additional Notes

Photos:

Version #4

Last edited: 21/02/2023

Senior staff sign-off (if required):

L~

Checked by: _KS Completed by: _ =\
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Detailed Cross-Section Characteristics

Project Number:

GEO

MORPHIX™

Date: D1-2 Cross-section: x5 3
Time: Reach: TR LW
Weather: Suasy 2:°C Location. OV GC
Field Staff: J 15 c Watershed /Subwatershed: Cp
X Y Notes Cross-sectional Morphology (Table 22)
1.1S 9717 | LR O Riffle O Pool [ Run [#Other
9.\ 18455 Substrate Sample:
92 Y !0132. O Bed 0 Bank O Subpavement [ Water [J None
2.6 1932 Pebble Count Measurements A/B/C Axes (cm): _
05 |85 AiBIC|A BiC|AIBiC|AiB!C
2.81_[18k0 CRER 7 2000 o T T
2,03 [1030 .y fsand Co T
2.2 oS ' {
3.9 2950 |g e A lp il |[Ta11 g2 MR R EHET
:))'{O?- 5 IR R D R "R e w | 1
377 2220 bl ZZIZZL::ﬁﬁﬁﬁf::ﬁt::ﬁ
3.95 [2320 | wE ’
2.9 7385 1:6{0.01 0| 3.4 - %14 | €0 Sio d7 pinzl 12
4.\ e L = . S . \L _______
42 [z20z v &% ’
4,8 |23Y4¢ Particle Shape: [J Platy 0O Very Angular
1.7 1796 fd Sub-angular O Angular O Rounded
L1 .9 1270 {J Sub-Rounded [J Well Rounded
5.\ 2915 Embededness: _ 20 % el
5 ‘:1 'Z,(Z-U 0> Subpavement: [Pebble ABC axis guide]
5.5 L Sorting (Table 20): 0 Well I Moderate M Poor [J Very poor
5.6S |zoyT Sediment Transport
S8 |1asY | gf O Obsv B.Not Obsv [ Not Visible - Reason:
5.9 1Bao If Observed (Table 21):
Gi) 182 0 Suspended 0O Sliding [ Rolling [ Saltation
%.4 1837 Percentage of Bed Active: %
€ % 11446 Velocity
1.0 112L 0 Measured m/s Method: “Too SLOW
1.3 1665 O Estimated m/é XS ID:
i %y |U8o Distance Time s V m/s
1.79 HYsS |€R Distance Time sV m/s
Distance / m Time sV m/s
Discharge
0O Estimated m*/s Method:
O Measured m3/s XS ID:
Depth m Width m Vsg m/s
Depth m Width m Veo m/s
Depth m Width m Vso m/s
Use Veo if Depth < 0.75 m and Vzo/ Vo if Depth > 0.75 m
Version #3 Senior staff sign-off (if required):

Last edited: 21/02/2023

Checked by: _KS ___ Completed by: _EF
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Bank Characteristics

Project Number:

UGG

GEO

MORPHIX™

Date: 7Q74Y-01-1% Cross-section: *S832
Time: L0 Reach: Teaw Y
Weather: Cioeng Tl Location: QY GC
Field Staff: N eE Watershed/Subwatershed: | (1

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

RN

Left Bank Materials Features Right Bank Materials
0O Bedrock O Gravel  wgE6, pilif R Station location 0O Bedrock O Gravel 2 (RRAMICS
o il O Small Cobble 1 | Monumented XS o il O Small Cobble
O\ Clay O Large Cobble (©) | Monumented photo @ Clay 0 Large Cobble
& Silt 0 Small Boulder | | "7 Undercut bank [ Silt [J Small Boulder
O Sand [J Large Boulder | Eroded bank/slope 0 Sand [ Large Boulder
Bank Height: 0.4%= m Bank stabilization Bank Height: __&Hb;__ m
Bank Angle: 40 = %-%-x | Fence Bank Angle: _L_, °
Root Depth: __.‘b_“;__ m WY | Grasses Root Depth: __“’T_E{_._ m
Root Density: : % =5 | Leaning tree Root Density: M %
Undercut: / m 3 | Tree Undercut: A m
Erosion Pin: ‘_L__— m KK ¥ | Woody Debris Erosion Pin: ——— ¢4 . m
Torvane: _Takenat  kg/cm? | Sediment sample Torvane; -Takenat — kg/cm?
Penetrometer; -representative XS5 kg/cm? oorn | Erosion pin Penetrometer:  -representative XS5g/cm?
Foot Used: O Yes O No 3 Scour/bed chain Foot Used: O Yes O No

Additional Notes

Photos:

Version #4

Senior staff sign-off (if required):

Last edited: 21/02/2023

Checked by: _ KS Completed by: _ &
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Detailed Cross-Section Characteristics

Project Number:

G6EO

MORPHIX™

Last edited: 21/02/2023

Date: 2024-07-7 3 Cross-section: LS Y

Time: q:45S Reach: Teie Y

Weather: Leomrer 2E2E Location: gy GC

Field Staff: IV EF Watershed/Subwatershed: Cv

L b Notes Cross-sectional Morphology (Table 22)
-5 1801 O Riffle . Pool O Run [ Other

A [R8qG Substrate Sample:

7.9 1840 | BF O Bed O Bank [ Subpavement [0 Water [ None

Q.4 EER Pebble Count Measurements A/B/C Axes (cm):

1.46 laa 4 A/B:C|A!B!C|A!B:C|A!B!C

1.8 1038 y | | S.orSand

2.0 1082

3.3 21 1

2.8 10473

8.1 2104

.3 7112 WE

=9 1110 P

41 1705~ 38i{z.alz.1

4.24  [2721% R .

.24 2758 0-6 l

H'ST 1250 Particle Shape: [ Platy O Very Angular

4. b 1260 | — N ™ Sub-angular O Angular O Rounded

S.01 |1155% ™~ P O Sub-Rounded O Well Rounded

S 118k Embededness: “2< % S

S H 200% Subpavement: [Pebble ABC axis guide]

s.b |90 Sorting (Table 20): O Well B8.Moderate 0 Poor CI Very poor

S.R 118 % | BE Sediment Transport

6.\ [T O Obsv (& Not Obsv I Not Visible - Reason:

6.4 (b8 If Observed (Table 21):

L.6S |168 q|ee O Suspended [ Sliding [ Rolling [ Saltation
Percentage of Bed Active: Yo
Velocity
O Measured 'm/s Method: NO Flow
O Estimated m/s XS ID:
Distance m Time sV m/s
Distance m Time sV m/s
Distance m Time s V m/s
Discharge
O Estimated m?/s Method:
0O Measured m’/s XS ID:
Depth m Width m Vep my/s
Depth m Width m Vso m/s
Depth m Width m Vsg m/s

Use Veo if Depth < 0.75 m and V20 / Veo if Depth > 0.75 m
Version #3 Senior staff sign-off (if required):

Checked by: _KS Completed by: &
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GEO

MORPHIX®

Bank Characteristics Project Number: UGt
Date: 207\wW-07-75% Cross-section: vl
Time: nius Reach: Team
Weather: Suony PR Location: oy GC
Field Staff: \ EE Watershed/Subwatershed: e
Sketch (Viewed Downstream) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
location, bed & bank materials, approx. water level, evidence of erosion, stratification in bank sediments, soil horizons, bankfull indicators, woody debris, roots, etc.
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Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location O Bedrock O Gravel
o Till [0 Small Cobble I— 1 | Monumented XS o il O Small Cobble
@ Clay O Large Cobble @ Monumented photo & Clay O Large Cobble
K Silt O Small Boulder ------ | Undercut bank 3.Silt [ Small Boulder
'® Sand O Large Boulder HHHH+ | Eroded bank/slope O Sand O Large Boulder
Bank Height: al m KEXXA | Bank stabilization Bank Height: 0] oy
Bank Angle: 3S = %-%-% | Fence Bank Angle: 20 £
Root Depth: — X2 m VYV | Grasses Root Depth: —_ °-2  m
e y i S
Root Density: — —— % = | Leaning tree Root Density: b %
Undercut: — 2 m 3 | Tree Underecut: A m
Erosion Pin: R AT o X ¥ ¢ | Woody Debris Erosion Pin: o Wl R
Torvane: -Takenat — kg/cm? 1= Sediment sample Torvane: JTakenat — kg/ecm?
Penetrometer: .Iepresentative XS5 kg/cm? o | Eroesion pin Penetrometer:  representative XS5kg/cm?
Foot Used: O Yes O No 8 Scour/bed chain Foot Used: O Yes O No
Additional Notes
Photos:
Version #4 Senior staff sign-off (if required): Checked by: __KS Completed by: ce

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

Project Number:

PM? 4HOG6' |

GEO

MORPHI X"

Date: 2024 - 03 ~24 Cross-section: 55
Time: Qg Reach: k4
Weather: Coseray P20 Location: Oy GC
Field Staff: ML Gl c Watershed/Subwatershed: Ce
X it Notes Cross-sectional Morphology (Table 22)
1,95 [ 350 O Rifle  OPool [ Run -f9.Other
2.10 180 5 Substrate Sample:
7 50118 47 O Bed O Bank [ Subpavement [ Water [J None
2.80 | 1R9R Pebble Count Measurements A/B/C Axes (cm):
220 11993 | B¢ AiBic|lAiBic|[AiBic|A B,cC
240 | 2008 S5, v L ST | R
A el o) S et | W R DO T e
560lp088] | [ [ 1 [~ i S R
3.80 12085 | wi B4 B ENNERALE AT 2] ol ol Tt ok N
280 gise L 1 ] ][ e S B T
- ol o 0 TR NPT DRSS R, i o T N PO e e
1@ 120690 »E | | [ | | I S0 P A -
g5 N\Gag[ | T [T 2N Ll SLHTNRTE LY
ddg (190 0 | 0 | Nl | A e
Y30 | 1935
490 197 Y Particle Shape: [J Platy O Very Angular
570 | 190) 8[ O Sub-angular O Angular O Rounded
5.90 ]87 8 O Sub-Rounded O Well Rounded
5.3C 1181 Z Embededness: % e
.00 | 138¢ Subpavement: [Pebble ABC axis guide]
B, 1R 19 38 Sorting éabfe 20): O Well O Moderate O Poor O Very poor
Sediment Transport
O Obsv 5 Not Obsv 1 Not Visible - Reason:
If Observed (Table 21):
0 Suspended [J Sliding O Rolling [ Saltation
Percentage of Bed Active: %
Velocity
0O Measured m/s Method:
O Estimated m/s XS ID: 5“"@@% o
Distance m "I_jim'é' sV m/s
Distance 17 Time sV m/s
Distance m Time sV m/s
Discharge
O Estimated m?3/s Method:
0O Measured m3/s XS ID:
Depth m Width m Vso m/s
Depth m Width__ m Vesp m/s
Depth m V_\.jjdfﬁ m Veo m/s
Use Ve if Depth < 0.75 m and Vzo/ Vao if Depth > 0.75 m
Version #3 Senior staff sign-off (if required):

Last edited: 21/02/2023

— Checkedby: __KS  completed by: | %B
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GEO

MORPHIX"

Bank Characteristics Project Number: 740y
Date: 207zU- Q-7 W Cross-section: XSS
Time: G:\g Reach: qTear Y
Weather: TP & Location: QVGC
Field Staff: MY e€ Watershed/Subwatershed: | (72

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

closea Canop

o

CedorsS g TUNS 3 O bunkAY b oo )and}

gl oY Foest €leeg

B
Yow w]j IL),-S.;j ' ] . i
Sawddced | muaﬁ'.._-' e / moist So. | S =
J
[ |
Left Bank Materials Features Right Bank Materials
0 Bedrock O Gravel R Station location O Bedrock 1 Gravel
o Till 0 Small Cobble I—1 | Monumented XS o Till 0 Small Cobble
i Clay [ Large Cobble (©) | Monumented photo & Clay O Large Cobble
Silt O Small Boulder | | 777 Undercut bank O silt O Small Boulder
O Sand O Large Boulder tHiH## | Eroded bank/slope O Sand O Largg EoTlder
Bank Height: 335 m KXXXX | Bank stabilization Bank Height: — ~—- 21 m
Bank Angle: 19 . %-%-x | Fence Bank Angle: T A
Root Depth: 05 0 00m WYYV | Grasses Root Depth: '::* r m
Root Density: — 100 % =5 | Leaning tree Root Density: O %
Undercut: O m 3 | Tree Undercut: O m
Erosion Pin: N/D m * X% | Woody Debris Erosion Pin: *\‘/m m
Torvane: ©.25 kg/cm? ﬁ Sediment sample Torvane: __Qg—_ kg/cm?
Penetrometer: 07y kg/cm? i | Erosion pin Penetrometer: _Q_zf)i kg/cm?
Foot Used: O Yes O No [_8 Scour/bed chain Foot Used: O Yes O No
Additional Notes
Photos: || T —~
Version #4 Senior staff sign-off (if required): Checked by: _KS Completed by: f,,U“ :

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

Project Number: 2106\

GEO

MORPHI X"

Date: 7021 -Q71-TY Cross-section: XSG j
Time: q.572p™m Reach: Teviz W1
Weather: Narnsg P2 C Location: QveC
Field Staff: MY e' = Watershed/Subwatershed: e 4l
X ¥ Notes Cross-sectional Morphology (Table 22)
V38 |13 ) O Riffle O Pool [JRun [XOther
2.20 || 58 3 Substrate Sample: () p
2. .50 \0&3 B Bed # Bank [J Subpavement O Water [J None
.95 | 1I1%2 = Pebble Count Measurements A/B/C Axes (cm):
3.00 \295 AiB!C/A:IB:ic|AiB:cC A:B:C
505 [ 138 2T < e - S TS
Bgn s WE L T e
3.50 [ 1340 | LI RN I
3.60 ] 14900 | \F b4 LI T S e e e
edoi Mgl ML R L T e . 8
ke B 05 SN RN N AT N T " T
Ajg [t5ye) [ T T —1 [T VO N o il A
ol I ) IO RN I 8 5 L) AL RN et o
L C o, I U S N I T
46o [ 1380 WE
43511373 Particle Shape: [J Platy O Very Angular
4y &g |128% =7 0 Sub-angular @ Angular O Rounded
E.10 1125 7 O Sub-Rounded [ Well Rounded
§.25 (249 Embededn_@sé: % A
545 [1412 Subpavement: [Pebble ABC axis guide]
5 .30 || T)O Sorting (Table 20): O Well [J Moderate [ Poor [ Very poor
5.99 il q3 Sediment Transport
O Obsv-£3 Not Obsv [ Not Visible - Reason
If Observed (Table 21):
[0 Suspended [J Sliding [ Rolling [ Saltation
Percentage of Bed Active; %
Velocity
' [0 Measured m/s Method: _ )90z
[0 Estimated m/s XS ID:
Distance m Time s V m/s
Distance m Time s V m/s
Distance m Time s V m/s
Discharge
0O Estimated m3/s Method:
O Measured m¥/s XSID: __-
Depth m  Width __m Veo m/s
Depth m Width ~ m Ve _ m/s
Depth m Widt m Vsg m/s
Use Veo if Depth < 8775 m and Vzo/ Vag if Depth > 0.75 m
Version #3 Senior staff sign-off (if required):

Last edited: 21/02/2023

Checked by: _KS Completed by: f@
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GEO

MO RPHLXY

Bank Characteristics Project Number: 106\

| Date: 207 wu-0T-7.1 Cross-section: X<
Time: Q:.S? Reach: Teir Y
Weather: Coyeet Bk Location: ONv G C
Field Staff: N €€ Watershed/Subwatershed: | (7

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

Conen,

iy

Cover - \

Ry
A

~ -

Cedoc  Jornoa™ %‘* . | ] .
pae s Jwet) \‘B\_\ . |, | Hounae) HJCLJQJ Gfpbﬁcj
u[{)!\ =¥ o ?“.\"J i

: VRT3 i Yk SR T G ‘—_~7? s
fe FL"\‘SU' euvelugeed 3 her lox K \/_/ o) ) 30 =
el pedc 9ranowa T B1e saqite bed/ban K § %
16w (:;,-.1?:;-.'-‘ ooy I Cehe -'_':_r_ o |
B 1
Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location O Bedrock O Gravel
o Till [ Small Cobble I— 1 | Monumented XS O Till O Small Cobble
= Clay 0J Large Cobble @ Monumented photo & Clay [J Large Cobble
Silt O Small Boulder | | 777 Undercut bank B Silt [0 Small Boulder
O Sand 01 Large Boulder {4+ | Eroded bank/slope O Sand O Large gsf_aylder
Bank Height: 0. dk m EXXXA | Bank stabilization Bank Heightt ——O-1UJ  m
Bank Angle: 2 ° %-%-x | Fence Bank Angle: __ﬁ_ ¥
RootDepth: — O PO m WYV | Grasses Root Depth: 20 .
Root Density: — 12 % 5> | Leaning tree Root Density: 15 @ %
Undercut: o m 3 | Tree Undercut: O m
Erosion Pin: N/O m * ¥ ¥ | Woody Debris Erosion Pin: \Y )J m
Torvane: _lakenat kg/em? ™| Sediment sample Torvane: Jakemat  kg/cm?
Penetrometer: .fepresentative XS5 g/cm? oo | Erosion pin Penetrometer:  lepresentative XS5ig/cm?
Foot Used: O Yes 0 No 8 Scour/bed chain Foot Used: O Yes O No

Additional Notes

Photos: 4oL«

Version #4

Last edited: 21/02/2023

Senior staff sign-off (if required):

Checked by: KS Completed by:

—_—
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Detailed Assessment Long Profile (Total Station)

Project Code:

GEO

PM?L{OG'- MORPHI X

Date:

=

Time:

207Y-03-25 Reach:
/

Location:

OvGC

Weather:

23_"( Sun ny Watershed/Subwatershed:

CR

Field Staff:

Ju,e cC Rain in last 24 hours:

[0 None 0O Yes: Amount mm

Point No.

Code

Notes

=

Survey Direction

KT

0 Upstream to Downstream
EDownstream to Upstream

Cross-sections

(=015  adigetmed \

No. of Cross-sections Surveyed: _(3_
Monitoring Cross-sections: & No O] Yes
XS ID: / /
Erosion Pin Installed: £ No O Yes
XS ID: / /

Velocity & Sediment Transport

O Velocity m/s Method:
O Discharge m3/s

Sed. Transport (Table 21):.8 Suspended
Saltation [ Sliding [ Rolling
Percentage of Bed Active: __ 5 ¢,

Valley Type

O Confined M Partially 0O Unconfined

Channel Zone

0O Headwater HE Transfer 0O Deposition

Land Use

Fores "’ fﬂcl F Cougse -Dd_r\a(ﬁp
Vegetation

Aquatic Vegetation: N[O
Coverage of Reach: / %

O In Stream [ Margins [ On Bank
Riparian Vegetation: [ No ¥ Yes
Extent of Riparian Cover: (10col zed
O Fragment [ None M Continuous
Riparian Cover (channel widths);
01-4 O4-10 & >10
Age Class of Riparian Vegetation:
Immature  Established Mature
D(<5yrs) ®(5-30yrs) (=30 yrs)
Extent of Encroachment;
0 None ' Minimal [ Moderate
0O Heavy 0 Extreme
Density of Woody Debris:
O Low Bl Moderate O High
Blockage(s) in Channel:
O Infrastructure 0O Dam [ LWD |

Version #3

Senior staff sign-off (if required):

Last edited: 21/02/2023

Checked by: _KS Completed by: ( M
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General Site Characteristics

Project Number: 7L{0f)

GEO

MORPHIX"

'9,;07

Date: ?O.Z._L‘ D= = Stream: C)'?—F ot Vouew
Time: Reach: Croeovt Puew
Weather: 22PE Shay Location: QY Ge
Field Staff: S Watershed/ Subwatershed: 4‘26" . 'I,-' (€

™)
Features Monitoring Site Sketch Compass
[—— Reach break -0-0-0- Long-profile us ;%;

R station location Monumented XS j
¥—X  Cross-section @ Monumented photo Begins JS"% .
—* Flow direction l Monumented photo
~A Riffle direction
> Pool W  sediment sampling
@B Sediment bar Erosion pins an
i Eroded bank/slope 8 Scour chains Y &ﬁ
----- Undercut bank Additional Symbols 83
BXESX3 Bank stabilization , “ery
= Leaning tree g 2
XX Fence 5/ j‘r@p

L1 Culvert/outfall
Swamp/wetland
WWYW Grasses

€3 Tree
= Instream log/tree k»r’n- rasty |
X X ¥ Woody debris i el
% Beaver dam
P  Vegetated island :oe ‘"“"‘4“}

Flow Type b i

H1  Standing water H1A Back water

H2  Scarcely perceptible flow e

H3  Smooth surface flow X vl

H4  Upwelling Flom

H5  Rippled

H6  Unbroken standing wave

H7  Broken standing wave ExpoSt

H8 Chute

H9  Free fall H9A Dissipates below free fall wWe,

Substrate

S1  Silt S6 Small boulder

S§2 Sand 87  Large boulder

S3  Gravel S8 Bimodal

S4  Small cobble 59  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 [ ’ I [ I
VWC Valley wall contact FC Flood chute D9
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: KS

Last edited: 21/02/2023

Completed
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General Site Characteristics

Project Number: 210!

GEO

MORPHIX"

Date: 02u-0T1- 1S Stream: Crems Puic e

Time: / Reach: Cretit Rywep

Weather: 722°C Suaxns ._ Location: QveC

Field Staff: (S =2l VAV Watershed/Subwatershed: Ce

Features Monitoring Site Sketch Compass j
[=——] Reach break -0-0-0- Long-profile ug

R Station location
¥—* Cross-section
— Flow direction
S~ Riffle

> Pool

@D Sediment bar
Hi#H  Eroded bank/slope
Undercut bank
EEXXZA Bank stabilization
—%» Leaning tree
Culvert/outfall
Swamp/wetland
Grasses

-a---

x

0L

Tree

Instream log/tree
Woody debris
Beaver dam
Vegetated island

#*
»*®
t.3

Monumented XS

—1

(©) Monumented photo
l Monumented photo
[m

direction
Sediment sampling
Erosion pins

8 Scour chains

Additional Symbols

Flow Type

H1  Standing water HiA 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 St $6  Small boulder

S$2 Ssand S7 Large boulder

$3  Gravel S8  Bimodal

S4  Small cobble
S5 Large cobble

§9  Bedrock/till

Other

BM Benchmark
BS Backsight
DS Downstream

EP Erosion pin
RB Rebar
us Upstream

1o o

ﬁ-\"d % wal 17
00 s

tre o |
es : g“_w_' 3

uc

ok
WD3  Woody debris jam TR Terrace ¢ @ ’,; G-well g v [ ]
VWC Valley wall contact FC Flood chute LD'S b N ¥ — Tslend |
BOS  Bottom of slope FP Flood plain Photos: b
TOS  Top of slope KP Knick point Notes:
Version #4 Senior staff sign-off (if required): _ Checked by: KS Completed by: Ei i

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

Project Number: 740 6|

GEO

MORPHIX"

Last edited: 21/02/2023

Date: 1a71Y4-p1- 24 Cross-section: AS |
Time: q4:17 Reach: Clepim Rwee ©S
| Weather: e4® eLouly Location: NGc
Field Staff: CF MK Watershed/Subwatershed: | ¢
X v N/QT'E' Notes Cross-sectional Morphology (Table 22)
173 Iss |WR e 1158 1202 O Riffle  BiPool O Run O Other
9.1 1265 b.Z 1048 Substrate Sample:
2.3 \$0%8 6.6 [0qu9 0O Bed [ Bank O Subpavement [ Water O None
.17 (1600 16.8 [024a< |RB Pid Pebble Count Measurements A/B/C Axes (cm):
1.9 1859 A'B!C|ABIiC|A!:B!:C|A!B!C
S L (N RS S S | L] L o7 Y [ X N S
3R _|3010 IR I IO > [ S - Swse SN C
98 13068 | 1 4l T T (S o N [
Ry 5044 eHizaios|8i Lo AL | 1 i
o 3015 88 e 1 e b
L Y N R I R €S| S8 Lol T
5.4 Bl 1 1 b0 F 28 bt L FO N 1A
58 [31L zil.sio8uui2 i) i bl
5 ) I I [ — T - O l ________
s ks 23347 1.2 2.5 U4
1.0 6%('15 Particle Shape: [ Platy O Very Angular
1 U %'6[06 Sl Sub-angular O Angular O Rounded
g 0 ’._l)fjh"l E:Sub-Rounded O Well Rounded
8.4 2137, Embededness: _ 2O % A
78 8 110 Subpavement: [Pebble ABC axis guide]
9.2 31320 Sorting (Table 20): 01 Well X Moderate [] Poor O Very poor
Gy b 2\0 % Sediment Transport
0.0 13040 0 Obsv B Not Obsv [J Not Visible - Reason:
0.4 [27980 If Observed (Table 21):
0.8 [71889 O Suspended [ Sliding [ Rolling [ Saltation
0.2 178<0 Percentage of Bed Active: %
.6 (721190 Velocity
11.0 110K @ Measured (. V2 m/s Method: __ tn((®
7.4 11515 O Estimated m/s XS ID: _ L5 |
2. |250% WE Distance __'.©  m Time _2-09 s v Gu1& my/s
3.0 |8z Distance __ 4. ©Q m Time_-TZ s v0.S%! m/s
18,4 1425 Distance -0 m Time _Z-'° s v 041k m/s
5. % f_H’i b Discharge
4.2 |71394 01 Estimated m?/s Method:
4.6 1400 O Measured m3/s XS ID
Is.0 (2290 Depth Width m Veo m/s
15.76 E_T‘SL{O Depth m Width m Vo m/s
15.2Q |16 9 [Re Depth m Width m Veo m/s
IA.50|H0S Use Veo if/Depth < 0.75 m and Vao / Vo if Depth > 0,75 m
Version #3 Senior staff sign-off (if required): Checked by: _ KS Completed by: e
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Bank Characteristics

Project Number:

710G\

GEO

MORPHI X"

Date: 2021 -071-2.4 Cross-section: x5\

Time: W7 Reach: CReDY RWER TS
Weather: zZuet ClouAs Location: Oy GC

Field Staff: € C ML Watershed/Subwatershed: | C7p

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

<L X
SO8D P etumpiTe =

T

A

!
Ve
|
e
F4

Left Bank Materials Features Right Bank Materials
0 Bedrock O Gravel R Station location O Bedrock O Gravel
0 Till & Small Cobble I— 1 | Monumented XS O Till 1 Small Cobble
A Clay i Large Cobble @ Monumented photo © Clay & Large Cobble
& Silt O Small Boulder | | ------ Undercut bank A Silt ] Small Boulder
® Sand O Large Boulder HHH | Eroded bank/slope ¥ Sand O Large Boulder
Bank Height: VAN m EXEXA | Bank stabilization Bank Height: 2.2
Bank Angle: 19 ° x-%-% | Fence Bank Angle: q 8] °
Root Depth: L5 m VYV | Grasses Root Depth: — 1°S  m
Root Density: 3 bﬁ % =5 | Leaning tree Root Density: 2. %
Undercut: — 2-°2  m £3 | Tree Undercut: —_ a.3%
ErosionPin: — /  m XX ¥ | Woody Debris EBroslonPin: — £ m
Torvane: —B:S kg/cm? W Sediment sample Torvane: _CLL kg/cm?
Penetrometer: L% kg/cm? oo | Erosion pin Penetrometer: 2 kg/cm?
Foot Used: O Yes B-No 8 Scour/bed chain Foot Used: O Yes B.No

Additional Notes

Photos:

Version #4

Last edited: 21/02/2023

Senior staff sign-off (if required):

Checked by: __KS Completed by: €€
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Detailed Cross-Section Characteristics

Project Number: 71 00!

Date: o4 ~ 07~ 24 Cross-section: xS 2
Time: 300 Reach: CRERIT PWER DS
Weather: 247 cioup¥ Location: Oy GC
Field Staff: CF MK Watershed/Subwatershed: | o1,
N 9 Notr X L{ Notes Cross-sectional Morphology (Table 22)
\A$ 1SUs .2 3432 O Riffle  PPool R Run O Other
0.2 1580 . 240S Substrate Sample:
9.6 1588 (7.0 "E’)S 0 Bed O Bank O Subpavement O Water [] None
2.0 1600 1.4 C‘f‘ 7 Pebble Count Measurements A/B/C Axes (cm):
2 Y 1610 H.8 %’?Z A'BiclaiBic|AaiBic|lAaiB!C
31 11b40 8.2 (20801 | [ ... S - . S TN - I
10 1815 13 6 |28 8. ______ LS o e |..Ls. .
4z 70490 19.02] 9648 we | | N | 3N 28 ..
H1s  [Lb18 9.1 [7494 3902 8iL6|44i3 21343 i |Ssisi
.5 1340 |19.9|24%0 | | |.... s 1 ue. | S .
L\gs %0‘;6 {ﬁ "l/_.].. ,Z{L}?- Y r =l e Mo I_f_?_— ______________ ! _____________ S T
S| 216Q 0.9 |IMZ | | |¢ 4.3 | (.S | 2.8 | .8
5s [321S 70.7 1318 B8z |45i26i1 | 9 fezilS]rqilrios
Ss.q |2758 70.8 {wozy | || 2.2 | S 2 |1 .
6.3 | 320D 10.7S | 0918 2.b .6 g 2.8
b1 274S 71.10 1692 Particle Shape: [ Platy O Very Angular
1. 3125 21 .44 DEGE 2 & Sub-angular O Angular O Rounded
10 2120 (g Sub-Rounded [1 Well Rounded
‘L q §\13 Embedednessi 1o % A
8.7 2089 Subpavement: [Pebble ABC axis guide]
8.1 5’@60 Sorting (Table 20): O Well & Moderate OJ Poor [J Very poor
q.\ qus Sediment Transport
9.8 12486 O Obsv [ Not Obsv [ Not Visible - Reason:
9.9 (2452 If Observed (Table 21):
10.2 (13712 [J Suspended [ Sliding [ Rolling O Saltation
(0.7 7198 Percentage of Bed Active: %
1 2800 Velocity
Il.s 2229 ®-Measured O (13 m/s Method: _WE
I.§ (BsZ 0 Estimated m/s Xsm: XS Z
12.2 1888 Distance __ ' m Time_/-59 sv. D i1 mfs
1.6 29472 Distance __ /- 9 m Time f 122 svp g0
12 2480 Distance __©® m Time_!-5Z s v 0, 554
15.1 3030 Discharge
5.2 ]3110 O Estimated m3/s Method:
4.2 (3202 O Measured m¥/s XS ID:
i ¢ [3298 Depth m Width m Vso m/s
1S g'z)’[g, Depth m Width m Vso m/s
1S.4 [33%3L Depth m Width m Veso m/s
15.8 %398 Use Vo if Depth < 0.75 m and Vao / Vo if Depth > 0.75 m
Version #3 Senior staff sign-off (if required): Checked by: KS Completed by: E(l

Last edited: 21/02/2023
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GEO

MORPHIX™

Bank Characteristics Project Number: 7/t
Date: 2021 -07-7 1 Cross-section: e QP
Time: =2:00 Reach: CPePrt _2WeEeF b=
Weather: Claudy 24°C Location: QvaGe
Field Staff: EEC M Watershed/Subwatershed: Cw

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

\\
\
seoyue —Neg; D ;0: =
A cC L UL Y 5 L h_)c“‘-)f—:%fﬂ_ o
e SR
code Ll oo
Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location [0 Bedrock O Gravel
O Till . Small Cobble I— 1 | Monumented XS 0 Till B, Small Cobble
X Clay [ Large Cobble @ Monumented photo B Clay X Large Cobble
H Silt O Small Boulder | | =====- Undercut bank H silt 0 Small Boulder
& Sand O Large Boulder | Eroded bank/slope .Sand O Large Boulder
Bank Height: 2.0 m EEXXX | Bank stabilization Bank Height: —_2-15  m
Bank Angle: 19 ° *-%-x | Fence Bank Angle: 7
Root Depth: 1,0 m W | Grasses Root Depth: L m
Root Density: 39 % = Leaning tree Root Density: 35 %
Undercut: 99  m Y | Tree Undercut: 2>
Erosion Pin: _; m XXy | Woody Debris Erosion Pin: _; m
Torvane: _L kg/cm? ™ Sediment sample Torvane: O v 295 kg/em?
Penetrometer: L kg/cm? mm | Erosion pin Penetrometer: Z.S kg/cm?
Foot Used: O Yes & _No 8 Scour/bed chain Foot Used: O Yes B No

Additional Notes

Photos:

Version #4

Last edited: 21/02/2023

Senior staff sign-off (if required):

Checked by: _ KS  completed by: & €

Page of



Detailed Cross-Section Characteristics

Project Number: 71 ()

GEO

MORPHIX"

Date: 1024~ 01-15 Cross-section: XS 3
Time: =50 Reach: CReMT RWER
Weather: 18° <uimw Location: NGC
Field Staff: EC Mw Watershed/Subwatershed: | (7
X \ Note s ‘1’ Notes Cross-sectional Morphology (Table 22)
115 [0b6T [L8Pw [166S 7134 K Rifffe O Pool [Run 0O Other
.00 107729 1105 7235% Substrate Sample:
9.30 [0860 750 2248 O Bed O Bank O Subpavement [ Water [I None
1.0 102 5\ | ?1 00|21 q | Pebble Count Measurements A/B/C Axes (cm):
2.90 N7 8 18.40121 04 A;B:C|lA:BiC|A!BiCc|A!B!C
10 118 187519486 | | 2.9 | GB. .. 2.0 [ORND
3.5 1226 89211965 ol e I = N N
270 1155 1.00]16%6 198 3 g 1 &
4.00 11439 |Bf [19.20]I528 YA 8 lao (48iz1es b gl i
450 1STL = L Q1 28 | 64| v
Hos 1651 2000418 | | | T 34 | 4 | 0.8 | 7.4
5.10 11662 70.55 56T L T W o1 | . &
550 161) 1110 |2 8¢ 59i18]84i 313 Bajen I 41Tz g
2.90 |1615 daglEss | ] [ s | &3 | °ob | 4.0
6.35 |ISHZ 77.40 (12 3Z 1 L6 o 2.1
bs [I5 1A ]_g ) 00 1! O Particle Shape: [ Platy O Very Angular
.10 1507 1‘% 15 [ ‘ q q X Sub-angular O Angular m} Rounde
7_95]%04 quOli[j B Sub-Rounded O Well Rounded ;
B‘DD 1520 12159 ! ZLH Embededness: |S o A
8"[ 5 [Is52] ZG .00/}11 8 Subpavement: [Pebble ABC a(::is guide]
65 1569 1.00[1149 Sorting (Table 20): [J Well 2 Moderate [ Poor (I Very poor
8. 872 11611 'l"{TS 9 G Sediment Transport
D.50 BOYlwWE 13.50|151 O Obsv ®\Not Obsv [J Not Visible - Reason:
.30 1930 29.795[1H05 If Observed (Table 21):
LS 2176 20.00/l L{% { O Suspended [ Sliding [ Rolling [ Saltation
[0. lU 2?)0 | 30._(0 | 3(_1 | Percentage of Bed Active: %
0. 55741 31.20[12371 Velocity
| .00 ZBI- B 90111126 ByMeasured O 14Bm/s Method: _Lw 5
]l‘ 50 26{)1 SZ.L{O ]0%6 O Estimated m/s XSID: _xXg 2
ILOO 1530 372 .90 1094 S Distance _1- ©  m Time _|.40 s v 0.5% S mys
I?_L{e_; Zl‘“b 33%5 0860 ’ Distance __1- 7  m Time .30 ¢ VO.’]BQ m/s
\'L.QD 2%66 337’ D75| RP)HN Distance __|_ O m Time /- 19 sVGE. IS mys
‘% ”0 2"“ 8 Discharge
'3 qo 26 5 | O Estimated
“‘{L'D 2205 0 Measured
14.80 (21T Depth m Veo m/s
| 5. 30 qu 0 Depth m Vso m/s
Is -’5 20 qg Depth m Vso m/s
16.20[7]5L Use Vso if Depth < 0.75 m and Vao / Veo if Depth > 0.75 m
Version #3 Senior staff sign-off (if required): Checked by: KS Completed by: EZF

Last edited: 21/02/2023

Page of




Bank Characteristics

Project Number: 7ZL0OG)

GEO

MORPHIX

Date: 7207u-01-25 Cross-section: KIS

Time: aA: 50 Reach: Cpe Ty RweP
Weather: 5298¢ Soany Location: OuGC

Field Staff: € WY Watershed/Subwatershed: | C7U

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

__\ ‘t.‘
iB P
% it Lol Ll
R vce \ =
tewlas ',2/ -[
;F SHALE
~ qoklY L
~ SAND Growty
o0 PN T
RO R
Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location [ Bedrock O Gravel
o Till O Small Cobble L1 | Monumented XS 0O Till 0 Small Cobble
R Clay O Large Cobble (@) | Monumented photo ¥ Clay O Large Cobble
A Silt O Small Boulder | | Undercut bank A Silt 0 Small Boulder
@ Sand O Large Boulder 4 | Eroded bank/slope 07 Sand [J Large Boulder
Bank Height: 155 m EXXXA | Bank stabilization Bank Height: _ 1.8S 0m
Bank Angle: 1S e %-%-%x | Fence Bank Angle: 2 =
" 2 :
Root Depth: __lu_{)_ m WYY | Grasses Root Depth: QD= m
Root Density: \S % == Leaning tree Root Density: Ho %
Undercut: 3 m 3 | Tree Undercut: e 1O
Erosion Pin: = m XXy | Woody Debris Erosion Pin: 2 m
Torvane: __Q_E'_.— kg/cm? W Sediment sample Torvane: D,Tt% kg/cm?
Penetrometer: _ﬁ:'_s:_ kg/cm? o | Erosion pin Penetrometer: Yie kg/cm?
Foot Used: O Yes [@No 8 Scour/bed chain Foot Used: O Yes ® No

Additional Notes

Photos:

Version #4

Last edited: 21/02/2023

Senior staff sign-off (if required):

Checked by: _ KS  Completed by: _EF

Page
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Detailed Cross-Section Characteristics

Project Number: 74 0G|

GEO

MORPHIX™

Date: lozy-=1- L5 Cross-section: XS Y
Time: - 00 Reach: CREDIT ﬁi\,:;_ﬂ_
Weather: 227 SgupY Location: oNGC
Field Staff: CEe MIS Watershed/Subwatershed: |~
X N tore X y Notes Cross-sectional Morphology (Table 22)
L7s5 [1312 [1B P 1685 (768 D Rifle O Pool [ Run O Other
710 |134%D 71.98 | 761 Substrate Sample:
2.45 ||IR48 7.10 1511 0O Bed [ Bank [1 Subpavement O Water (] None
2.80 11419 ] g (0 11274 Pebble Count Measurements A/B/C Axes (cm):
210 [1500 Q.ug [71371 AiB!C|AiBic|AiBIC|[AIB:C
360 [I548 15.55[Tb6L |RF SAND | s Lo 3 . 12 ..
360 (568 RO N0 - G AU N
H40 [1561 18841500 | 1 [l 6.3 ... 2.3 | S .
HEQ 1518 Bag [1aea | | | T 5 i34%1| 112.41,5]352 oA
5.10 11609 920 (1266 | | [ f. ol g | 3 1. Ql...
S.60 1642 gasinag |1 ) XS Bk
6.00 (1659 2010 1160 K6 V] | L L tod | | I 8 .
(.40 [1b13 IV 493316k issiZ [ 1iraioT
LRI S TN SO N [ O N L S 0.9 .| ... O S U
1.20 11549 S-9 9.5 X 2
'l Bl [5\ 9 Particle Shape: [J Platy O Very Angular
R 00 521 ! Sub-angular O Angular = Rounde
R.u0 (1513  Sub-Rounded [ Well Rounded ’
q- DO \5 5‘ Embededness: Z_O % -
q- %5 l 6 L‘lz. Subpavement: [Pebble ABC af:is quide]
q . L{ S | 6531 6 Sorting (Table 20): O Well O Moderate ﬂ Poor I Very poor
9.54 [\ gz_ Sediment Transport
q.80 [1838 D Obsv BXNot Obsv [ Not Visible - Reason:
10.05 1941 If Observed (Table 21):
10.3%8 [199S |\WE O Suspended ([J Sliding [ Rolling [ Saltation
10.80 [10Z7 Percentage of Bed Active: %
\ ‘ 2.5 206 6 Velocity
W63 |18 mMeasured O . 15T m/s Method: _in/[3
12.05(2186 O Estimated m/s XS ID: _XS Y
2.50 | 110 Distance __[0  m Time _[. 684 s Vv_ Q505 m/s
1.95 [723) Distance __ ' © m Time_£./0 s v_0.909 m/s
240 |1351 Distance __ /.0 __m Time /.39 s v_0716% mys
[5.35| 7460 Discharge )
M%O ZSZD O Estimated 149/5 Method:
li-l -‘ 5 Q.'S 66 O Measured m?/s XS ID:
15.20 |764€ Depth Width m Vo m/s
15.65127100 Depth Width m Veo m/s
(.05 [113% Depth m Width m Veo m/s
Z) .50 (l.-f l 6 Use Veo if Depth < 0.75 m and Va0 / Vso if Depth > 0.75 m
Version #3 Senior staff sign-off (if required):

Last edited: 21/02/2023

Checked by: _ KS Completed by: £F

Page of




Bank Characteristics

Project Number: 740\

GEO

MORPHI X"

Date: 7074 Q71-75 Cross-section: xan

Time: ek Reach: (‘_—\',- etV ﬁ&\ VeV
Weather: Z3°C. St Location: QYVGe
FlaidiSkatt: EE W Watershed/Subwatershed: | ¢

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

/—\.

w

(:'_EM?J*G;}EQ
CD @8t ;o8

o e

Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location 0 Bedrock O Gravel
o Till O Small Cobble l——1 | Monumented XS o il I Small Cobble
3. Clay O Large Cobble @ Monumented photo @& Clay [ Large Cobble
E Silt 0O Small Boulder --==== | Undercut bank B silt L] Small Boulder
FSand 0O Large Boulder | Eroded bank/slope M Sand [J Large Boulder
Bank Height: \.50 m Bank stabilization Bank Height: .90
Bank Angle: 20 $ %-%-% | Fence Bank Angle: 40 o
RootDepth: 910 WYV | Grasses Root Depth: _%7 m
Root Density: __BL_ % = Leaning tree Root Density: 29— = %
Undercut: ._7—0 m {:} Tree Undercut: 0.15 m
EmssionPing ——%L£- - = m L 4 Woody Debris Erosion Pin: i m
Torvane: 0.5 kg/cm? ™| Sediment sample Torvane: 0.25 kg/cm?
Penetrometer: l-S kg/cm? unnsnn} Erosion pin Penetrometer: LS kg/cm?
Foot Used: 0 Yes O No 8 Scour/bed chain Foot Used: O Yes FivNo

Additional Notes

Photos:

Version #4
Last edited: 21/02/2023

Senior staff sign-off (if required):

Checked by: KS

Completed by: £F

Page of




Detailed Cross-Section Characteristics

Project Number: 740

GEO

MORPHIX™

Date: 2024-01-165 Cross-section: XS <5
Time: 2:12 Reach: CREOIT RugR
Weather: 2.2% Sunnl Location: OV C
Field Staff: EE Mk Watershed/Subwatershed: Ce
X Y Nore Notes Cross-sectional Morphology (Table 22)
115 1096218 BN &Riffle  OPool [JRun [ Other
210 10965 Substrate Sample:
1.68 (054]| BC O Bed [J Bank (I Subpavement [l Water [J None
2.65 1311 Pebble Count Measurements A/B/C Axes (cm):
2.72. ‘4419 A:BiC/AiIB!C|A!B!C|lAiB!HC
230 [1545 ShND ] 18] ORI -~
380 |0 | | | 1| SOV N i
His w2l | T [ 1 [T g4 | 234 z
460 |\IZ] X e 553253729 2 [13]1sl0%
Soo0(M139) ] T [ [T T IO P
=Si-e ) L {01 I A T IR = W b b 8 5......
oo 0o | | [ 1 1| L SR 05 | oz
6.50 [|760 10 LRIM.813 tog2 4 2 "] | 2 10900
1.00 |17) e & 6.3 2.3
140 N1z 2.1 2.« | T .
g.00 |13\ Particle Shape: [ Platy O Very Angular
50 ‘*'[ 68 M. Sub-angular O Angular 0 Rounded
q .00 |17 6 r,l &% Sub-Rounded [ Well Rounded
4 sp/|1181 Embededness: __ (9 o,
10.00 |1805 Subpavement: Tabt [Pebble ABC af:is guide]
19.50 (|82 1 Sorting (Table 20): O Well [BModerate O Poor [ Very poor
Il. o0 [13329 Sediment Transport
.50 [1829 0 Obsv B-Not Obsv [ Not Visible - Reason:
|2.00 |825 If Observed (Table 21):
12.50 (1799 O Suspended [ Sliding O Rolling O Saltation
12 00 [I135 Percentage of Bed Active: %
13.50 |01 Velocity
.00 [[b82 B Measured (.4%1 m/s Method: IS
14.50 [l 19 O Estimated m/s XSID: %S S
I5.00 |[1655 Distance _ 1.0 m Time .99 s v 0.S7( mss
1550 [|608 Distance _ 1. © m Time _|.7I s VO .50 mys
5.91 410 |wE Distance _ " T  m Time ‘25 sv(Q.92 m/s
16.20 [|H05 Discharge
16 48 [142.8 O Estimated m/s Method:
16.56 119 O Measured m¥/s XS ID:
1610 [1041 Depth m Width m Vso m/s
I7.00 0498 Depth m Width m Veo m/s
17.501(1029 |RB Pm Depth / m Width m Veo m/s
Use Veo if Depth < 0.75 m and Vao / Vao if Depth > 0.75 m
Version #3 Senior staff sign-off (if required):

Last edited: 21/02/2023

Checked by: _KS Completed by: _EF~
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GEO

M ORPHIX"

Bank Characteristics Project Number: /4006)

| Date: 207u- 01-75 Cross-section: x5
Time: o\ Reach: Cerevt Rwew
Weather: 3y _g\]“h\! Location: Qv &C
Field Staff: CE W Watershed/Subwatershed: |~

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

/

o

e

el
| b
( / \. | '\

/"'\

\

3 | \-‘\

0

—r

cosl{ >

7

Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location O Bedrock O Gravel
o Till 0O Small Cobble I— 1 | Monumented XS O Till O Small Cobble
X Clay 0O Large Cobble @ Monumented photo W Clay [0 Large Cobble
R Silt O Small Boulder [ [ =====- Undercut bank & Silt O Small Boulder
/) Sand O Large Boulder HHtf4 | Eroded bank/slope & Sand O Large Boulder
Bank Height: 0.bb m EXXXA | Bank stabilization Bank Height: 63— m
Bank Angle: 35 & %-x-x | Fence Bank Angle: ._io— i
RootDepth: — 0-50  m WVYV | Grasses Root Depth: 229
Root Density: 10 % > Leaning tree Root Density: e %
Undercut: 0.04 m 3 Tree Undercut: _ 098 m
Erosion Pin: / m XX ¥ | Woody Debris Erosion Pin: _;_ m
Torvane: —_ 0:25 kg/cm? W Sediment sample Torvane: 0.25 kg/cm?
_Penetrometer: SR | (O kg/cm? aanang] Erosion pin Penetrometer: Q15 kg/cm?
Foot Used: O Yes @ No 8 Scour/bed chain Foot Used: O Yes & No
Additional Notes
Photos:
Version #4 Senior staff sign-off (if required): Checked by: __KS___ Completed by-(':F—

Last edited: 21/02/2023

Page of



GEO

Detailed Cross-Section Characteristics Project Number: 140 k! A
Date: Lo ~0n- 1S Cross-section: ¥s 6
Time: L35 Reach: CReD 1T Rivee
Weather: 1L° Sonand™t Location: oV
Field Staff: EF Hk Watershed/Subwatershed:
% Y Nl Notes Cross-sectional Morphology (Table 22)
.95 [0805 (LR Py ® Rifle O Pool ([ Run 0 Other
2,20 (0867 Substrate Sample:
2. 6o 0990 BF O Bed f Bank [] Subpavement 0 Water OJ None
1.%90 (170 Pebble Count Measurements A/B/C Axes (cm):
3 .20 1115 A'B!C|A:B!C|A:B!C|A!B!C
3. 601260 WY fo
H. D |l455
H,. 6 ©|148¢6
5. 28| etas
5.70[]580
G2 1575
¢.79[l61°
7.2.6]|63]
7.80|1678
8.30[]720©
8.90|[|7L3 Particle Shape: [ Platy 0 Very Angular
9,60 (7 ’-J;I o BlSub-anguIar O Angular [J Rounded
lg.20© 17’75 X Sub-Rounded [ Well Rounded
[0.80])/82( Embededness: __[D__ % >
) ] s 2)0 "- 666 Subpavement: itk [Pebble ABC axis guide]
n.ao| 836 Sorting (Table 20): & Well [0 Moderate O Poor O Very poor
12. A [8 63 Sediment Transport
12. 12| V152 0 Obsv & Not Obsv ] Not Visible - Reason:
13.90 (1713 If Observed (Table 21):
1H.20| 678 O Suspended [ Sliding [ Rolling [ Saltation
4. 60 f_(o 50 Percentage of Bed Active: %
|g.9¢0 | 1452 Velocity
5. 0o | |1 D7 @ Measured Q 122 m/s Method: B
Is.20 [(QH] : O Estimated m/s XSID: _XS b C
15.66 | 102 | RS 04 Distance __ 1.0 __m Time_ 1712 s vO.S'% s
Distance __? m Time_[.58 sV 25 m/s
Distance "2 m Time_L- 95 s vO.0X4 mys
Discharge
0O Estimated mf/.r_, Method:
O Measured m3/s XS ID:
Depth idth m Veo m/s
Depth Width m Veo m/s
Depth m Width m Vso m/s
Use Veo if Depth < 0.75 m and Va0 / Veo if Depth > 0.75 m
Version #3 Senior staff sign-off (if reduir_ed): Checked by: _KS Completed by: Ee

Last edited: 21/02/2023
Page of




GEO

MORPHIX™

Bank Characteristics Project Number: /t00)|
Date: 20z - J1-165 Cross-section: %2 b
Time: 2ize Reach: Cocttyvr Pvew
Weather: 70°C Supre |. Location: QVGC
Field Staff: CFE e Watershed/Subwatershed: (v

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

7 _:-—1_\ . : ( ey
A i |
r//V“ | s :

,3 ) i |

/
|

{ )

AR SN R EASEEN RN =k R
i I R8N\ ]
L[’ . ~I / ﬂ;ﬁif_, ._J

S

-~

—

- "

V |
™ ————————— [——

/ =g
SAuD ___p\\% / ‘ [ | l l

e S NG E2 T R~ tape, ¥
Left Bank Materials Features Right Bank Materials
0 Bedrock O Gravel R Station location 1 Bedrock O Gravel
O Till 0 Small Cobble I— 3§ | Monumented XS O Till 1 Small Cobble
i clay O Large Cobble @ Monumented photo q Clay [1 Large Cobble
[ Silt O Small Boulder [ | - Undercut bank = silt 00 Small Boulder
¥ Sand O Large Boulder tH+ | Eroded bank/slope i Sand O Large Boulder
Bank Height: 0.8 m EXXXA | Bank stabilization Bank Height: 0.5  m
Bank Angle: 1S 8 x-%-% | Fence Bank Angle: 0O  °
RootDepth: — 952 m WYY | Grasses Root Depth: 610 @ 4
Root Density: i % 5> | Leaning tree Root Density: — 19 o
Undercut: 0 m €3 | Tree Underast: — 9 m
Erosion Pin: w_._._fi m KX ¥ | Woody Debris Erosion Pin: __A..___ m
Torvane: 0.25 kg/cm? 1™ Sediment sample Torvane: 045 . kg/em?
Penetrometer: L kg/cm? masnan} Erosion pin Penetrometer: ._I— kg/cm?
Foot Used: [ Yes B No 8 | scour/bed chain Foot Used: O Yes B No
Additional Notes
Photos:
Version #4 Senior staff sign-off (if required): Checked by: _ KS Completed by: _ C €

Last edited: 21/02/2023
Page of



Detailed Cross-Section Characteristics

Project Number: Z 4o &l

GEO

MORPHIX™

Date: 2024-01-2S Cross-section: S 7
Time: Hﬁ("} Reach: CRep 1T RwEK
Weather: 22° poyoM Location: Ve
Field Staff: EF MK Watershed/Subwatershed: | (T2
¥ ¢ toTE Notes Cross-sectional Morphology (Table 22)
175 [H30 |LB P (Riffe 0 Pool [ Run _CJ Other
4 o8 14 S| Substrate Sample:
2.40 '16'] 0 O Bed [ Bank 00 Subpavement 00 Water (I None
1 90 IbSS Pebble Count Measurements A/B/C Axes (cm):
2.4 |1145 A BIC|A B:C|A!IBiC|AIBiC
535 |81 | BE oAaNe L Bl 3.2 .
360 |181S TR NS RO - RN . 23 - [
2@ T 1938 |gpe | | 1 b bl -2 - A Z ..
4.sa [2219 E el 43135 1b| 52,8 15|29i2S 16
S.so 2292 OO 28 N U SO B S
Lsepwes] | | | 1. 3 a9 | gue
7. 50 2298 | . | 14 5 | 15 | & T 7z
.50 [tueo PR ER T RIS EXE N R R
q.25 (2399 SR IO < O T N
9,87 |2113 | E(sdanod 59 o 4.1 “o.s
9.94 |[zo1© Particle Shape: [ Platy [ Very Angular
10.9s | 1449 [ Sub-angular O Angular ] Rounded
.49 |72010 (% Sub-Rounded [1 Well Rounded
h.ga |12 |wE Embededness: __ [0 % ~>
n.so [130S Subpavement: ToLb [PebeeABCaE:isguidel
1%2.50 7225 Sorting (Table 20): O Well (& Moderate [ Poor (I Very poor
I4.50 |2255 Sediment Transport
[S.S0(22z) 1 Obsv & Not Obsv [ Not Visible - Reason:
6. Seo |11 9 If Observed (Table 21):
177.80(2250 O Suspended [ Sliding O Rolling O Saltation
18.59261 Percentage of Bed Active: %
|1a.SgyssS Velocity
20.50|7600 & Measured _Q ) 3'om/s Method: W
21.59|2SHo O Estimated m/s XSID: _XS 7]
772.290(23%301L Distance o, m Time __1.16 s v Q.%5C m/s
72.-%U7090/wE Distance __1.0 m Time_1-%3 s v QST m/s
13 29 1952 | RE Distance __ -0 m Time_L.6bB s v Q.20S mss
21 .00 |BSS Discharge
24.990||3095 O Estimated m?/s Method:
715.-69/1B15 0 Measured m3/s XS ID:
2.6.97 !-1%5 Re P“\ Depth Width m Veo m/s
Depth m Width m Vso m/s
Depth m Width m Vso m/s
Use Veo if Depth < 0.75 m and Vzo/ Vso if Depth > 0.75 m
Version #3 Senior staff sign-off (if required): Checked by: _KS Completed by: Ep’

Last edited: 21/02/2023
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Bank Characteristics

e N

Project Number: 740!

GEO

MORPHIX™

Date: 7a7u-01-22 Cross-section: XS

Time: Li-1% Reach: Ceeddt Raver
Weather: 72°%C Sunay Location: Oy GC

Field Staff: EE MY Watershed/Subwatershed: CR

location, bed & bank materials, approx. water level, evidence of erosion, stratification in bank sedi

Sketch (Viewed Downstream) Include: measurements, bank slope, evidence of geomorphic processes/adjustments, geomorphic/bedform units, vegetation type &
ments, soil horizons, bankfull indicators, woody debris, roots, etc.

:
7

Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location O Bedrock I Gravel
O Till O Small Cobble I—1 | Monumented XS o Till O Small Cobble
/K| Clay O Large Cobble (©) | Monumented photo ¥ Clay [ Large Cobble
& Silt O Small Boulder | | ==-=-- Undercut bank B Silt [0 Small Boulder
& Sand O Large Boulder i | Eroded bank/slope ¥ Sand O Large Boulder
Bank Height: ©-90 m Bank stabilization Bank Height: ©-85 m
Bank Angle: 5 ° %-%-% | Fence Bank Angle: L___ °
Root Depth: ©-720 m VWY | Grasses Root Depth: Q.29
Root Density: (s % =35> | Leaning tree Root Density: Is %
Undercut: 2.4 m £33 Tree Undercut: O m
Erosion Pin: ~ m XX ¥ | Woody Debris Erosion Pin: i m
Torvane: B2 kg/cm? 1™} Sediment sample Torvane: i -2'% kg/cm?
Penetrometer: L 157 kg/cm? o | Erosion pin Penetrometer: 0.23 kg/cm?
Foot Used: O Yes & No 8 Scour/bed chain Foot Used: O Yes BRNo

Additional Notes

Photos:

Version #4
Last edited: 21/02/2023

Senior staff sign-off (if required):

Checked by: KS Completed by: E€

Page of



Detailed Cross-Section Characteristics

Project Number: 7 4q¢

GEO

MORPHIX™

Date: 1024 -~g1-2 % Cross-section: XS 3
Time: 4.8S Reach: CecoT Luee
Weather: 22° Syt ¥ Location: QUG
Field Staff: EF Mk Watershed/Subwatershed: | Q.
¢ bt I\JOT = Notes Cross-sectional Morphology (Table 22)
s 115345 B e DXRiffe [ Pool CIRun O Other
) % o |WWop Substrate Sample:
71.65 |HMT 6L 0O Bed (] Bank [0 Subpavement [ Water 0 None
) .45 h,q_ﬁ Pebble Count Measurements A/B/C Axes (cm):
2.5 | 118 |E A/B/C/A:BIiC|A:B:C|AIBIC
2.60[186%3
H.15 1881
4.1 [1919
5.23 |1949
5.95 [1065
6.%0 |1069
7.00 |[LOYO
.00 |2020
8,720 N ~-Xol
2.80 |wos
G, |2Lo20 Particle Shape: I Platy 0 Very Angular
10.00[198 0 X Sub-angular 0O Angular O Rounded
10.690| 1909 & Sub-Rounded [J Well Rounded
[l.20]14913 Embededness: _ 1O o
L0 | 1928 Subpavement: Tikl [Pebble ABC aE:is quide]
2.5/ 1880 Sorting (Table 20): [J Well ¥ Moderate O Poor OJ Very poor
26013173 Sediment Transport
12.85])192 0 Obsv (& Not Obsv [ Not Visible - Reason:
13. 109|026 If Observed (Table 21):
132 . Lolog2y O Suspended [ Sliding [ Rolling O Saltation
[3.70| 04930 R& Py Percentage of Bed Active: %
Velocity
& Measured _(),O50m/s Method: _ L&
O Estimated m/s XSID: _%x< &
Distance _ *©  m Time_1.24 s v _(1.206 m/s
Distance __|.O _m Time_0-3S s v_.O%S7 m/s
Distance __ - © m Time_|-©1 sv QQGO m/s
Discharge
O Estimated m3/s Method:
O Measured m3/s XS ID
Depth m Width m Vso m/s
Depth m Width m Veo m/s
Depth m Width m Vo m/s
Use Veo if Depth < 0.75 m and V2o / Vso if Depth > 0.75 m
Version #3

Last edited: 21/02/2023

Senior staff sign-off (if required):

Checked by: _KS Completed by: _£F
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Bank Characteristics Project Number: 7“0b\ AR
Date: 7207\ -01-25 Cross-section: XS %
Time: U:93 Reach: Ceeort Rwer
Weather: 22°C Sun oy Location: OV GC
Field Staff: F = ML Watershed/Subwatershed: | (T

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

2 & S j__a_*@_._','.‘.-;—-

Ve

CoBdLT
Left Bank Materials Features Right Bank Materials
O Bedrock O Gravel R Station location 0 Bedrock O Gravel
o Till [0 Small Cobble I 1 | Monumented XS aTill 0 Small Cobble
H Clay 0 Large Cobble (©) | Monumented photo (K Clay [J Large Cobble
¢E] Silt O Small Boulder | | - Undercut bank A9 Silt J Small Boulder
€ Sand O Large Boulder HHt | Eroded bank/slope 7 sand [l Large Boulder
Bank Height: SIS m BXXXA | Bank stabilization Bank Height: 0.8S m
Bank Angle: 75 $ x-%-x | Fence Bank Angle: To 2
Root Depth: — 919  m W | Grasses Root Depth: 9.59 m
Root Density: — O o =5 | Leaning tree Root Density: 3o %
Undercut: o m 3 | Tree Undercut: -39 m
Erosion Pin: m KX ¥ | Woody Debris Erosion Pin: / m
Torvane: 0-25 kg/em? ™| Sediment sample Torvane: 9{;7’5 kg/cm?
Penetrometer: [ kg/cm? o | Erosion pin Penetrometer: = kg/cm?
Foot Used: O Yes & No 8 Scour/bed chain Foot Used: O Yes B No

Additional Notes

Photos:

Version #4
Last edited: 21/02/2023

Senior staff sign-off (if required):
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Detailed Geomorphological Assessment Summary

GEO

East Ponds Outlet Channel

M ORPMHIX

Project Number: PN24061 Date: 2024-07-24
Client: Votorantim Cimentos Length Surveyed (m): 30.8
Location: Caledon, ON # of Cross-Sections: 3
Reach Characteristics
Drainage Area: 0.162 km? Dominant Riparian Vegetation Type: Coniferous Trees
Geology/Soils: Glaciofluvial Deposits Extent of Riparian Cover: Continuous
Surrounding Land Use: Forest / Golf Course Width of Riparian Cover: 4-10 Channel Widths
Valley Type: Confined Age Class of Riparian Vegetation: Established - Mature
Dominant Instream Vegetation Type: Not Applicable Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: Not Applicable Density of Woody Debris: Low
Hydrology
Measured Discharge (m3/s): 0.01 Calculated Bankfull Discharge (m3/s): 0.68
Modelled 2-year Discharge (m?3/s): Not modelled Calculated Bankfull Velocity (m/s): 0.86
Modelled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (26): 0.71 Sinuosity: 1.10
Channel Bed Gradient (26): 0.14 Meander Belt Width (m):
Riffle Gradient (20): Radius of Curvature (m): i
. . i Not Applicable
Riffle Length (m): No Riffle Morphology Meander Amplitude (m):

Riffle-Pool Spacing (m):

Meander wavelength (m):

Longitudinal Profile

Distance (m)

0 5 10 15 20 25 30 35
0.0 L L L L L L J
0.2 4
~ 4
E e
c 2 Bankfull Level
§ 08 Fl
'ﬁ 1.0 A [} Y
a>> 12 4 vaater Level [ ]
o 147
16 -
18 - Channel Bed /'
Bank Characteristics
Minimum Maximum Average Minimum Maximum Average
Bank Height (m): 1.95 2.50 2.13
Bank Angle (deg): 40 70 52 Torvane Value (kg/cm?): 0.3 0.3 0.3
Root Depth (m): 1.00 1.00 1.00 Penetrometer Value (kg/cm3); 1.5 2.5 2.1
Root Density (26): 10 15 12 Bank Material (range): Sand, Silt, Cobbles
Bank Undercut (m): 0 0.06 0.02

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Minimum Maximum Average

Bankfull Width (m): 2.35 2.65 2.53
Average Bankfull Depth (m): 0.27 0.35 0.31
Bankfull Width/Depth (m/m): 7.5 9.6 8.2
Wetted Width (m): 0.87 2.13 1.56
Average Water Depth (m): 0.05 0.10 0.07
Wetted Width/Depth (m/m): 19.1 25.6 22.1
Entrenchment (m): Entrenched
Entrenchment Ratio (m/m): (ER < 1.4)

Maximum Water Depth (m): 0.11 3.75 1.34
Manning's n: 0.045

Photograph at cross section 2 (looking upstream)

Representative Cross-Section #2

Distance (m)

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
0.5

1.0

~ j—
o
§ 20 SN ~
E Bankfull Level
5 25
w
3.0 \\ 7/
e ——
\ ater Level
3.5
Substrate Characteristics
Particle Size (mm) Subpavement: Till
Dio : <2.0 Particle shape: Sub-angular, Sub-rounded
Dso : 10.8 Embeddedness (96): 10 - 40
Dg4 : 49.0 Particle range: Sand - Cobbles

Cumulative Particle Size Distribution
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Channel Thresholds

Flow Competency (m/s):
for Dgq:
for Dg,:
Unit Stream Power at Bankfull (W/m?):

Tractive Force at Bankfull (N/m?): 21.63
0.59 Tractive Force at 2-year flow (N/m?): Not modelled
1.18 Critical Shear Stress (Dsg) (N/m?): 7.83

18.57

General Field Observations

Channel Description

The East Ponds Outlet Channel is a minor, —~35m tributary of the Credit River in Caledon, ON which conveys flows
from the southeast side of the Osprey Valley Golf Course (OVGC) through a series of inline ponds, and into the
mainstem of the Credit River. During the time of assessment, water was observed overtopping the banks of the

nearest upstream inline pond, permitting flow through the subject reach, with no flow observed from the outflanked
tile drain. The subject reach consisted of a straight channel within a confined, forested valley with a prominent
knickpoint (—0.75m) at the upstream extent, revealing the exposed tile. Channel bed morphology was notably
homogeneous downstream of the knickpoint and was planar in profile; however, channel substrates became gradually
finer downstream, with materials consisting of sand and small to large cobbles (Embeddedness: 10-40%; Dsy: 10.8

mm). The channel exhibited multiple indicators suggestive of aggradation, widening and degradation. Aggradation

processes were supported by the observed sediment accumulation at the downstream extent, but was ultimately

secondary to widening and degradational processes. These processes were evidenced by the persistent scour and
exposed roots observed along the toe of the valley wall, as well as the exposed tile drainage.

Cross Section 3 - Facing Downstream

3 3 w8 54‘; . s ¥
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GEO

MORPHIX"
Detailed Geomorphological Assessment Summary
Credit River at East Ponds Outlet Channel

Project Number: PN24061 Date: 2024-07-25
Client: Votorantim Cimentos Length Surveyed (m): 403.4
Location: Caledon, ON # of Cross-Sections: 8

Reach Characteristics

150.51 km?
Glaciofluvial and Organic Deposits

Drainage Area:
Geology/Soils:

Surrounding Land Use: Forest / Golf Course

Dominant Riparian Vegetation Type:
Extent of Riparian Cover:
Width of Riparian Cover:

Coniferous Trees
Continuous
>10 Channel Widths

Valley Type: Partially Confined Age Class of Riparian Vegetation: Established - Mature
Dominant Instream Vegetation Type: N/A Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: N/A Density of Woody Debris: Moderate
Hydrology
Estimated Discharge (m3/s): 0.547 Estimated Bankfull Discharge (m3/s): 14.75
Modelled 2-year Discharge (m3/s): 11.32 Estimated Bankfull Velocity (m/s): 1.02
Modelled 2-year Velocity (m/s): 1.46
Profile Characteristics Planform Characteristics
Bankfull Gradient (26): 0.20 Sinuosity: 1.18
Channel Bed Gradient (26): 0.38 Meander Belt Width (m): See Report
Riffle Gradient (26): 0.50 Radius of Curvature (m): 150.2
Riffle Length (m): 96.42 Meander Amplitude (m): 201.5
Riffle-Pool Spacing (m): 176.03 Meander Wavelength (m): 627.9

Longitudinal Profile

Bankfull Level

384.5

e

Water Level

384.0

3835

383.0

Elevation (m)

7

Channel Bed

382.5
382.0 - T T T T T T T 1
0 50 100 150 200 250 300 350 400
Distance (m)
Bank Characteristics
Minimum Maximum Average Minimum  Maximum Average

Bank Height (m): 1.35 2.75 1.87 Penetrometer Value (kg/cm3): 0.25 2.5 1.4
Bank Angle (deg): 15 90 62 Bank Material (range): Clay, Silt, Sand, Cobbles
Root Depth (m): 0.50 1.50 1.06
Root Density (%0): 15 40 33
Bank Undercut (m): 0.00 0.82 0.28

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Minimum Maximum  Average
Bankfull Width (m): 12.58 15.80 14.19
Average Bankfull Depth (m): 0.52 1.23 1.02
Bankfull Width/Depth (m/m): 12.0 32.3 22.7
Wetted Width (m): 8.06 14.87 10.66
Average Water Depth (m): 0.42 0.55 0.46
Wetted Width/Depth (m/m): 17.6 33.9 23.5
Entrenchment Ratio (m/m): 1.4 - 2.2 (Moderately Entrenched)
Maximum Water Depth (m): 0.74 0.89 0.81
Manning's n: 0.045
Photograph at cross section 1 (looking downstream)
Representative Cross-Section #1
1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0
0.5
1.0  —
~ L5 \_ Bankfull Level /
£ : . (
o
§ 20
®
2 2.5
-—\_\/ Water Level
3.5
4.0
Distance (m)
Substrate Characteristics
Particle Size (mm) Subpavement: Till
Dio : <2 Particle Shape: Subrounded - Subangular
Dso : 26.2 Embeddedness (26): 10 to 30
Dgs : 63.5 Particle Range (riffle): Clay, Silt, Sand, Cobbles
Particle Range (pool): Clay, Silt, Sand, Cobbles
Cumulative Particle Size Distribution
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g
% -
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70 ,//
g 60 r/
£ /"
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o
° 30 _,/
g 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?): 20.47
for Dso: 0.89 Tractive Force at 2-year flow (N/m?): 17.43
for Dag,: 1.33 Critical Shear Stress (Dsy) (N/m?): 19.08
Unit Stream Power at Bankfull (W/m?): 26.84

General Field Observations

Channel Description
The assessed stretch of channel consisted of ~400m of the Credit River in Caledon, ON, receiving inputs from the
East Ponds Outlet Channel originating from the Osprey Valley Golf Course (OVGC). The Credit River was
characterized by a meandering channel set within a forested corridor. Dominant riparian vegetation consisted of
coniferous trees which provided good cover over the channel and stability to the loosely consolidated, sandy-silt
banks. Channel bed morphology demonstrated notable heterogeneity and was characterized by an alternating riffle-
pool sequence featuring abundant micro-habitats/refugia. Widening processes were evidenced by fallen and leaning
trees, as well as bank scour, while evidence of planimetric form adjustment was observed by an occasionally
misaligned thalweg in straight sections of channel. Significant valley wall contact was observed along both banks,
particularly upstream from the confluence with the East Ponds Outlet Channel. Despite steady inputs of sand and silt
due to the described bank scour, aggredational processes were less significant as stream conditions were sufficient
in preventing the formation of in-channel bars and embedment of larger substrates that would otherwise be

Cross Section 2 - Facing Upstream
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GEO

M ORPMHIX

Detailed Geomorphological Assessment Summary
Reach __Trib 4

Project Number: PN 24061 Date: 2024-07-23
Client: Votorantim Climentos Length Surveyed (m): 98.5
Location: Caledon, ON # of Cross-Sections: 6

Reach Characteristics

Drainage Area:
Geology/Soils:
Surrounding Land Use:

228.5 ha
Glaciofluvial deposits
Golf course/forested

Dominant Riparian Vegetation Type:
Extent of Riparian Cover:
Width of Riparian Cover:

Coniferous trees
Continuous
>10 channel widths

Valley Type: Unconfined Age Class of Riparian Vegetation: Mature
Dominant Instream Vegetation Type: Rooted emergent Extent of Encroachment into Channel: Heavy
Portion of Reach with Vegetation: 50% Density of Woody Debris: High
Hydrology
Measured Discharge (m3/s): Stagnant water Calculated Bankfull Discharge (m*/s): 0.44
Modelled 2-year Discharge (m3/s): Data not available Calculated Bankfull Velocity (m/s): 0.75
Modelled 2-year Velocity (m/s): Data not available
Profile Characteristics Planform Characteristics
Bankfull Gradient (26): 0.57 Sinuosity: 1.34
Channel Bed Gradient (%6): 0.96 Meander Belt Width (m): Not modelled
Riffle Gradient (20): N/A Radius of Curvature (m): 80.2
Riffle Length (m): N/A Meander Amplitude (m): 157
Riffle-Pool Spacing (m): N/A Meander wavelength (m): 259
Longitudinal Profile
Distance (m)
0 10 20 30 40 50 60 70
ig | ‘Bankfull Level ‘ ‘ ‘ ‘ : l‘
! ® Water Level
’é\ 12 4 o
E 131 /
c 14 -
.g 15 ~
c 16
3 17 ]
o 18
19 1 Channel Bed
20 -
Bank Characteristics
Minimum Maximum Average Minimum Maximum Average
Bank Height (m): 0.31 0.58 0.45
Bank Angle (deg): 15 45 27 Torvane Value (kg/cm?): 0.3 0.3 0.3
Root Depth (m): 0.15 0.80 0.30  Penetrometer Value (kg/cm?®): 0.3 0.3 0.3
Root Density (26): 10 N/A 18 Bank Material (range):
Bank Undercut (m): 0 0 0.00
GEO Morphix Ltd. Page 10f 3




Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 2.25 6.73 2.89
Average Bankfull Depth (m): 0.12 0.30 0.20
Bankfull Width/Depth (m/m): 13 23 19
Wetted Width (m): 0.00 3.20 1.04
Average Water Depth (m): 0.01 0.08 0.05
Wetted Width/Depth (m/m): 6 276 60
Entrenchment (m): Low entrenchment
Entrenchment Ratio (m/m): (ER > 2.2)
Maximum Water Depth (m): 0.05 0.15 0.08
Manning's n: 0.045

Photograph at cross section 5 (looking downstream)

Representative Cross-Section #5

Distance (m)

0.00 2.00 4.00 6.00 8.00 10.00 12.00
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Elevation (m)

Substrate Characteristics

Particle Size (mm) Subpavement: Till
Dio: <2 Particle shape: Sub-angular
Dsgo : 2.0 Embeddedness (206): 20-80
Dga4 : 22.6 Particle range (riffle): N/A
Particle Range (pool): Sand - cobbles

Cumulative Particle Size Distribution
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 19.01
for Dso: 0.27 Tractive Force at 2-year flow (N/m?): Data not available
for Dg,: 0.83 Critical Shear Stress (Dso) (N/m?): 1.46

Unit Stream Power at Bankfull (W/m?): 14.24

General Field Observations

Channel Description

Tributary 4 flows unconfined northwest through a golf course before discharging to the Credit River
upstream of the East Ponds Outlet Channel. At time of assessment, the channel was predominantly dry

with some flow occurring within isolated pools. The riparian zone was continuous, spanning over 10
channel widths and consists of mature vegetation. Heavy encroachment of vegetation into the channel
was observed, along with a high density of woody debris. Rooted emergent aquatic vegetation was also
present at time of assessment. Bank angles range from 15-45, with no undercutting observed. The right
and left bank consisted primarily of very fine to medium sand, with a small percentage of coarse sand,

gravel and small stones. The bed was composed of medium to very coarse sand, with small to large

cobbles observed throughout the extent of the channel.

Cross Section 3 - Facing Downstream
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Detailed Geomorphological Assessment Summary

Credit River at Tributary 4

Project Number: PN24061 Date: 2024-07-25
Client: Votorantim Cimentos Length Surveyed (m): 450.0
Location: Caledon, ON # of Cross-Sections: 8

Reach Characteristics

Drainage Area: 147.5 km? Dominant Riparian Vegetation Type: Coniferous Trees
Geology/Soils: Glaciofluvial and Organic Deposits Extent of Riparian Cover: Continuous
Surrounding Land Use: Forest / Golf Course Width of Riparian Cover: >10 Channel Widths
Valley Type: Partially Confined Age Class of Riparian Vegetation: Established - Mature
Dominant Instream Vegetation Type: N/A Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: N/A Density of Woody Debris: Moderate
Hydrology
Estimated Discharge (m3/s): 0.450 Estimated Bankfull Discharge (m3/s): 8.95
Modelled 2-year Discharge (m3/s): 11.32 Estimated Bankfull Velocity (m/s): 0.92
Modelled 2-year Velocity (m/s): 1.46
Profile Characteristics Planform Characteristics
Bankfull Gradient (26): 0.08 Sinuosity: 1.13
Channel Bed Gradient (26): 0.30 Meander Belt Width (m): See Report
Riffle Gradient (26): 0.50 Radius of Curvature (m): 133.1
Riffle Length (m): 113.42 Meander Amplitude (m): 116.6
Riffle-Pool Spacing (m): 93.27 Meander Wavelength (m): 557.2

Longitudinal Profile

386.5 7 Water Level
386.0 - ®
3855 - J

Bankfull Level

3850 ——— —
384.5 QI —_—

384.0
3835 -
383.0
382.5
382.0 T

Elevation (m)

Channel Bed

0 50 100 150 200 250 300
Distance (m)

350 400 450

Bank Characteristics

Minimum Maximum Average Minimum  Maximum Average

Bank Height (m): 0.63 0.90 0.78 Penetrometer Value (kg/cm3):
Bank Angle (deg): 15 85 50 Bank Material (range):

Root Depth (m): 0.10 0.50 0.33

Root Density (%0): 10 30 15

Bank Undercut (m): 0.00 0.30 0.07

0.25 2.5 1.4
Clay, Silt, Sand
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Cross-Sectional Characteristics

Minimum Maximum  Average

Bankfull Width (m): 10.30 20.40 14.70
Average Bankfull Depth (m): 0.37 0.75 0.66
Bankfull Width/Depth (m/m): 22.3 54.9 22.3
Wetted Width (m): 9.35 18.95 13.19
Average Water Depth (m): 0.17 0.30 0.25
Wetted Width/Depth (m/m): 37.5 109.5 57.9
Entrenchment Ratio (m/m): 1.4 - 2.2 (Moderately Entrenched)
Maximum Water Depth (m): 0.43 0.50 0.47
Manning's n: 0.045

Photograph at cross section 5 (looking downstream)
Representative Cross-Section #5
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Substrate Characteristics

Particle Size (mm) Subpavement: Till
Dio : <2 Particle Shape: Subrounded - Subangular
Dso : 27.9 Embeddedness (26): 10 to 30
Dg4 : 64.6 Particle Range (riffle): Clay, Silt, Sand, Cobbles
Particle Range (pool): Clay, Silt, Sand, Cobbles

Cumulative Particle Size Distribution
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 19.40
for Dso: 0.91 Tractive Force at 2-year flow (N/m?): 17.43
for Dg,: 1.34 Critical Shear Stress (Dso) (N/m?): 20.32
Unit Stream Power at Bankfull (W/m?): 23.03

General Field Observations

Channel Description
The assessed stretch of channel consisted of ~450m of the Credit River in Caledon, ON, receiving inputs from
Tributary 4 from the Osprey Valley Golf Course (OVGC). The Credit River at Tributary 4 was characterized by a
meandering channel set within an expansive, forested corridor, with localized pockets of meadow habitat. Dominant
riparian vegetation consisted of coniferous trees which provided good cover over the channel and stability to the
loosely consolidated, sandy-silt banks. Channel bed morphology demonstrated notable heterogeneity and was
characterized by an alternating riffle-pool sequence featuring abundant micro-habitats/refugia. Widening processes
were evidenced by fallen and leaning trees, as well as bank scour, while evidence of planimetric form adjustment
was observed by an occasionally misaligned thalweg in straight sections of channel, and formation of several islands.
The upstream extent of the channel was marked by a debris jam resulting in multiple flow paths and sediment
accumulation. Aggradational processes within the channel were limited due to sufficient flow conditions allowing for
transport of the fine sediment input from the eroded/undercut banks.

Cross Section 6 - Facing Upstream
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