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MIDHURST MASTER DRAINAGE PLAN TECHNICAL MEMO #1:

DATE May 20, 2016 FILE NO. 845-3675
RE Pre-development Watershed Modeling &
Proposed Terms of Reference for Completion of Stage 2 MDP for Matheson Creek

1.0 INTRODUCTION

The Midhurst Heights Development forms part of the Midhurst Secondary Plan (MSP) development area in the
Township of Springwater, Ontfario.

The subject lands currently consist of agricultural land with some wooded and pasture area. Simcoe County
Soils Mapping identifies the soils onsite as Vasey sandy loam and Dundonald sandy loam, which are classified
by MTO Design Charts as AB type soils. The site currently drains to the north and west property lines via several
drainage draws across the site. Overall site drainage is from southeast to northwest.

The Midhurst Heights Development lands lie within the Matheson Creek Subwatershed, as shown on Figure 1.
Matheson Creek forms part of the Nottawasaga River Watershed, and is thus under the jusrisdiction of the
Noftawasaga Valley Conservation Authority (NVCA]. Matheson Creek was previously studied as part of the
Willow Creek Subwatershed Plan (NVCA, 2001), as it is a tributary of Willow Creek. Matheson Creek has been
identified as having significant reaches of cold and cool water fish habitats, and supports both brook and
brown ftrout fisheries (NVCA, 2001). The Matheson Creek Subwatershed (Tributary to Willow Creek)
encompasses approximately 9,250 ha of land, pre-dominantly pasture, meadow and forested land uses,
extending from Midhurst to the Horseshoe Valley area. The outlet of the Matheson Creek Subwatershed to
Willow Creek is located just west of Wilson Drive and north of Hwy 26. The nature and sensitivity of Matheson
and Willow Creeks have bearing on the stormwater management strategies for developments within the MSP.

Preliminary SWM targets and a preliminary proposed SWM design for the Midhurst Heights Development were
presented in Stage 1 of the Midhurst Secondary Plan Master Drainage Plan (MDP). This work was summarized
in Summary Document for OMB Proceedings (Crozier, August 2014).

To achieve the SWM targets identified in the Stage 1 MDP, it is proposed that the runoff generated by the
proposed development will be collected and treated in a stormwater management “end-of-pipe” facility
constructed in the northwest portion of the Midhurst Heights Development. Low Impact Development (LID)
stormwater management practices will also be implemented throughout the subdivision to assist in meeting
water balance objectives, mitigate erosion impacts and to provide primary water quality controls.

The existing site outlets do not exhibit defined bed and banks and are not permanently flowing watercourses.
As such, they are not considered to be appropriate stormwater outlets by NVCA. A preferred outlet for the pond
consisting of the Matheson Creek Tributary at Gill Road, located approximately 3 km north of the site, was
subsequently deemed acceptable by the NVCA through the Stage 1 MDP Work.
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1.1 Stage 2 MDP Obijectives

The second stage (Stage 2) of the Midhurst Secondary Plan MDP will be prepared by the Township, with input
from MSP developers, to expand upon the analysis completed in Stage 1 to include all future development
lands within the MSP area. Stage 2 will confirm that development within the MSP area will have no negative
impact on the receiving waters.

The following issues are to be addressed with Stage 2 of the Midhurst MDP:

1. Confirm no increase in peak flows downstream of the MSP development areas;

2. Confirm no increase in runoff volumes downstream of the MSP development areas for frequent
events;

3. Confirm no net erosion impacts downstream of the MSP development areas;

4. Confirm no additional nutrient loading downstream of the MSP development areas lincluding the
wastewater treatment plant).

Stormwater management criteria and methods will be confirmed through the Stage 2 MDP to ensure that the
above-noted objectives are met on a watershed basis by the proposed development within the MSP. Further to
these criteria, the MDP wilt:

5. Present an Adaptive Management Plan (AMP) that will provide a framework for ongoing monitoring
of the developments, and implement changes if necessary to meet the above noted objectives.

Another objective: “Provide for best efforts to minimize or eliminate thermal impacts to receiving waters as a
result of development’, has been previously addressed through the MDP Stage 1, and is thus considered
complete.

1.2  Stage 2 MDP Process and Terms of Reference

In the absence of formal Terms of Reference from the Township as to the required format and content of the
MDP work, we propose to assist with addressing the MDP requirements through a series of Technical Memos
with respect to the Matheson Creek focus area that will be submitted to the Township and Nottawasaga Valley
Conservation Authority INVCA] for review. This format will allow flexibility for the Township in preparing the
ultimate MDP for the entire MSP area.

While the overall MDP to be prepared by the Township will examine the entire MSP area, Crozier will contribute
the study specifically of Matheson Creek, which is the outlet for the Midhurst Heights Development lands.

Our work on the MDP will directly address issues one (1), two (2) and five (5) noted above. Our work will provide
supporting material fo assist GEOmorphix and Hutchison Environmental to address issues three (3) and four (4),
respectively.

Our MDP work will be structured in the following steps:
1. Collection of data, consisting of streamflow and rainfall datg;

2. Processing of data for use during the modeling stage;
3. Determining the model inputs for pre-development model;
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4. Calibration and validation of the pre-development model, comparing observed and simulated data;

5. Using the calibrated pre-development model, simulate pre-development watershed response to a
variety of rainfall events (2 year through 100 year, 4-hour Chicago and 24-hour SCS, Regional);

6. Prepare post-development model based on the calibrated pre-development model to reflect proposed
conditions on subject site and other development properties within the MSP and Matheson Creek
Subwatershed;

7. Size SWM facilities and LID controls to reduce post-development runoff flows and volumes to have no

negative peak flow and volume impacts on downstream reaches of Matheson Creek;

Confirm that proposed SWM targets respect the erosion and nutrient management objectives;

9. Prepare an AMP reflecting a monitoring and management plan to ensure that the established targets
are met, and remain suitable throughout buildout of the MSP.

@

We have prepared this Technical Memo #1 fo document steps 1to 5 of the MDP work related to Matheson
Creek; the establishment and calibration of an existing conditions model of the Matheson Creek
Subwatershed. This will be an important tool moving forward to confirm the Stormwater Management (SWM)
criteria for the Midhurst Heights development. This memo also presents the proposed Terms of Reference for
the completion of steps 5 through 8 for Township and NVCA consideration.

2.0 STREAMFLOW MONITORING PROGRAM

Commencing April 15", 2015 and ending October 14™, 2015, streamflow data was collected at three (3)
separate locations within the Matheson Creek Subwatershed. The following locations were used for streamflow
monitoring (refer o Figure 2):

1. Tributary to Matheson Creek along Gill Road (Small Tributaryj;
2. Tributary to Matheson Creek along Gill Road just north of location 1 (Large Tributary);
3. Matheson Creek at Wilson Drive.

These sites were established to capture flow conditions as two (2} potential future site outlets (the Gill Road
sites} and at the downstream limit of the watershed. Using data at these sites post-to-pre comparisons can be
made locally at the proposed discharge location(s), and on a net watershed basis. NVCA and the Township
were made aware of these monitoring locations via email November 11, 2015, and were provided the
opportunity to comment.

Streamflow monitoring was completed using both automated and manual practices. Automated monitoring
was completed using Solinst Leveloggers (Model 3001) at each location to record water levels. Water level data
recorded by the Leveloggers was corrected using Solinst Barologgers {(Model 3001). Barologgers were located
only at location 3 and location 2 due to the proximity of locations 1 and 2. All loggers recorded data at 5 minute
intervals.

Manual stream gauging was undertaken in order to develop rating curves for each location shown in
Appendix A (A-1to A-3). Rating curves are used in order to estimate the flow rate af a recorded water level. The
process used fo determine the rating curves for each location was:

1. Water level was recorded at the time of manual stream gauging using a staff-gauge measurement
reading;
2. The staff gauge reading was correlated to the documented Levelogger data;
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3. Manual stream gauging was performed at a pre-selected cross section for each location in order to
determine the flow rate of the watercourse at a given water level.

The velocity-area method of manual stream gauging was used in order to determine the watercourse flow rate
at a particular time for multiple rainfall events during the course of the monitoring period. Velocity
measurements were taken using a Swoffer (Model 3000). This method was used for each location mentioned
(See Appendix A, A-1to A-3). Due to the depth of flows of Location 3, assistance was provided by NVCA during
large runoff events. NVCA provided flow rate measurements using depth sounding to measure flow depths.
During larger events, data collected from Location 3 by the NVCA and Crozier was combined to develop the
rating curve for this location. This was completed on two (2) occasions.

A minimum of five (5) manual stream gauging points were obtained at each monitoring location with which to
develop a rafing curve. Data logger downloads were completed seven (7} times over the course of the
monitoring work.

The equations produced for each rating curve were used in combination with the relevant corrected water level
data recorded from each location to obtain a continuous streamflow record at each location. Refer to Appendix
A (A-4 to A-6} for the derived continuous streamflow data at each location.

2.1  Streamflow Data Processing
Processing of streamflow data collected from all locations consisted of the following steps

o Selection of appropriate events to use for modeling;
o Baseflow separation for selected events; and,
e Hydrograph timestep alignment corresponding to the beginning of the rainfall event

Selected flow events for modeling comparison purposes were chosen based on the following attributes:

1. The event peak flow rate compared to the maximum rating curve limit
e It was important to select sample events that exhibited peak flows within a reasonable
range of the maximum observed rating curve flow rate, such that streamflow data was not
extrapolated too far beyond the observed rating curve flows.
2. Antecedent moisture conditions
e Best fo avoid the use of rainfall events immediately following other rainfall events, or during
spring conditions.
3. Spatial distribution of rainfall
e Select sample events that exhibited uniform rainfall across the entire watershed.
4. Size of events
o Modeling appropriately sized events to ensure an appropriate range of rainfall volumes

Based on these criteria, nine (9) candidate events were selected for further assessment. From the candidate
events, events 3, 4, 5 and 8 shown in Appendix A (A-7) were selected for calibration and validafion purposes.
Refer to Section 3.1 for a discussion of the review of rainfall data and selection of the events. Events 3 and 4
were used for calibration purposes, while events 5 and 8 were used for validation purposes.
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Baseflow separation of the streamflow data for the selected events was completed in order to eliminate flow
resulting from baseflow/groundwater, and obtain a direct runoff hydrograph for calibration. The method used
for baseflow separation was adapted from Hydrology: An Introduction by Philip B. Bedient et al. This method
included the following procedure (refer to Appendix A, A-16}:

1. Identify beginning of direct runoff (Point A);

2. Draw a vertical axis through the hydrograph peak (Peak Flow Line};

3. Draw a horizontal line from point A to the peak flow line (Point B);

4. Identify the point of inflection on the falling limb of the hydrograph (Point C;

5. Connect point B fo point C;

6. Subftract the calculated baseflow hydrograph (points A-B-C) from the total hydrograph to obtain a
direct runoff hydrograph.

Baseflow separation results of events 3, 4, 5 and 8 are shown in Appendix A (A-8 to A-15)
3.0  RAINFALL MONITORING
Rainfall monitoring data was retrieved from the following external sources:

¢ Environment Canada;
e NVCA; and,
e City of Barrie.

Environment Canada rain gauges record daily precipitation and were located in Collingwood, Midland, Barrie,
and Coldwater. Rainfall data from these rain gauges were used to get a sense of the general rainfall pafterns
across the watershed and was used only for preliminary selection of calibration events. It was important to
select rainfall events that were well distributed across the watershed, as only a single representative rainfall
distribution/volume was applied to the OTTHYMO model across all cafchment areas.

NVCA rain gauges recorded rainfall data every 15 minutes. NVCA rain gauges were located south of Minesing,
Ontario and in Horseshoe Valley, Ontario. City of Barrie rain gauges recorded in 5 minute intervals and were
located within the City of Barrie limits. The NVCA rain gauges and City of Barrie rain gauge #3 were used in the
final selection of modeling events and preparation of rainfall data for modeling purposes.

Refer to Figure 3 for modeling rain gauge locations and Appendix B (Table B-1) for rainfaill data comparison
between rain gauges for each selected event. The observations noted in Table B-1 describe the rationale for
selection of calibration and validation events.

3.1 Rainfall Data Processing

Rainfall data used for the selected modeling events was processed into modeling storm files. Refer to
Appendix B (Table B-2 to B-9). The following steps were undertaken to produce these storm files:

e Realign data to have 15 minute interval data for all rain gauges;

o Determine the representative rainfall amount at an ungauged location, located at the centroid of the
watershed; and,

e Exiract selected calibration and validation rainfall events.
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As mentioned in Section 3.0, the recording intervals of the NVCA and the City of Barrie data were 15 minute and
5 minute intervals, respectively. Since the NVCA's rainfall data was recorded at a greater time interval, the
rainfall data for City of Barrie rain gauge #3 was manipulated from 5 minute to 15 minute interval rainfall data
to match the NVCA's rainfall data intervals.

In order to represent the entire watershed with a single rainfall event, a representative ungauged location was
selected at the cenfroid of the watershed. Rainfall from the aforementioned rain gauges was used in order to
create an estimated rainfall record at this location for each event. Refer to Appendix B (Tables B-2 to B-5) for
ungauged rainfall amounts for the selected events. This estimated rainfall record was used to model the
watershed response for the various calibration and validation events. Refer to Table 1 for the corresponding
estimated rainfall amounts for the selected modeling events.

Table 1: Estimated Rainfall Amounts for Selected Model Events
Event # EventType Calibration or Validation Estimated Rainfall Depth

at Ungauged Location
(mm)
3 Large Calibration 341
4 Small Calibration 27.4
5 Large Validation 4.7
8 Small Validation 26.6

The centroid of the watershed was determined by using a trapezoidal approximation as shown in Figure 3. The
ungauged rainfall amounts were determined by inverse distance weighting method, which required the
straight line distance of each rain gauge to the centroid and the rainfall amount for each rain gauge at a given
time. Distances of the rain gauges to the centroid and the watershed centroid location are shown in Figure 3
and Appendix B (Tables B-2 to B-5). Storm files for the selected storms were created using the ungauged
rainfall data calculated for each selected event and are shown in Appendix B (Tables B-6 to B-9).

40 HYDROLOGIC PARAMETERS

Baseline input values representing watershed physical characteristics, were established using a number of
sources:

e NVCA Topographic maps (NVCA, 2012);

e NVCA Land Use maps (NVCA, 2008);

¢ Willow Creek Sub-Watershed Pian (high-level catchment delineation) (NVCA, 2001);
¢ land Information Ontario (LIO) (Soil Types map) (LIO, 2014);

e NVCA Technical SWM Guidelines (NVCA, 2013);

e MTO Drainage Manual (MTO, 1997); and,

e HEC RAS Hydraulic Reference Manual {HEC-RAS, 2010).

4. Hydrologic Parameterization

The physical watershed characteristics were analyzed and processed in order create the uncalibrated
hydrologic model (Base Model). The following watershed characteristics were determined:
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¢ Delineation of Catchment areas;

e Composite Curve Number (CN) value for each catchment;
o Composite Initial Abstraction (IA) value for each catchment;
e Time of Peak; and,

e Cross sections for use in ROUTECHANNEL Commands.

Delineation of catchment areas were completed considering the previously completed delineations in the
Willow Creek Sub-Watershed Plan (NVCA, 2001), DEM topographic mapping from NVCA and ground-truthing
completed by our office. The following factors were taken into consideration when delineating the catchment
areas:

1. Topographic features

2. Obstructing drainage features (i.e. railroad lines, roads)
3. Catchment size consistency between watersheds

4. Points of interest (i.e. monitoring locations)

Provided these factors, Matheson Creek Subwatershed was divided into eighteen (18) catchment areas as
shown in Figure 4.

Characterization of each catchment area included the use of NVCA Technical SWM Guidelines, NVCA land use
and topographic maps and Land Information Ontario’s soil maps. NVCA land use map was combined with the
soils map produced by Land Information Ontario in order to determine a baseline composite CN value for each
catchment. A total of six (6) land uses and fiffeen (15} soil types were evaluated in the Matheson Creek
Subwatershed. A composite CN value was calculated based on an area-weighted method for each land
use/soil type combination shown in the NVCA Technical SWM Guideline. Refer to Figure 5 for more information
regarding land use and soil types.

Similarly, an area-weighted method was used fo defermine the baseline composite 1A value for each
catchment. 1A values were obtained from NVCA Technical SWM Guideline.

Time of concentration (T) was calculated for each catchment based on the lengths of sheet flow, shallow
concentrated flow and streamflow to a specified outlet. The Airport and Uplands Methods were used to
calculate T for each catchment area. In each case, the Uplands method provided the longest T, and thus was
applied to the uncalibrated model. Refer to Appendix C (C-16) for travel paths used for T, calculations. The T, for
each catchment was converted to Time of Peak (T,) in hours for input into the model. The following methods,
perhaps more suitably for large, undeveloped watersheds were used to check T, calculated from the Uplands
Method:

e California Culvert Practice Method: and,
e Kerby-Kerpich Method.

Refer to Appendix C (Tables C-1to C-3) for the uncalibrated model hydrologic parameters and the calculated T,
for each catchment using the aforementioned methods

To represent long reaches of channelized flow, cross sections were required for input into ROUTECHANNEL
commands in OTTHYMO. Cross sections were developed using NVCA Digital Elevation Model (DEM) and air
photo observations/field observations. For each cross section a Manning’s value for the floodplain and the
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main channel was visually determined, cross referenced with the HEC-RAS Hydraulic Reference Manual (HEC-
RAS, 2010). In order to accurately model low flow conditions, a small low flow channel was also included for
each cross section based on air photo and field observation. Refer to Appendix C (C-4 to C-15), visually
showing the cross sections used in OTTHYMO. Model cross sections are also shown in Appendix C (C-16).

Refer to Appendix D (D-1) to view the OTTHYMO model layout schematic.

This model was run using the selected calibration rainfall events to establish the uncalibrated rainfall/runoff
relationship for the watershed.

5.0 CALIBRATION & VALIDATION

The model selected for the MDP work was Visual OTTHYMO Version 3.0. This model simulafes direct runoff
during a rainfall event. This model was selected by the Master Drainage Plan Steering Group consisting of
engineering consultants for Geranium and Midhurst Rose Alliance, Ainley Group (acting for the Township) and
NVCA staff. The model was selected for the following reasons:

e The OTTHYMO modeling platform is an industry standard model that is familiar to all involved parties
and is relafively simple to parameterize;

e Previous work done for the Geranium and Midhurst Heights developments were completed in
OTTHYMO;

e OTTHYMO modeling could be readily integrated into existing and future models on the Willow Creek
system by NVCA; and,

e OTTHYMO effectively models both urban and rural cafchment areas.

The OTTHYMO model is traditionally applied as a single-event hydrologic model which has the capability to
model rainfall, infiltration, runoff, channel routing and storage routing. Various hydrograph routines can be
used to model both rural and urban catchment areas.

Calibration of a model involves the comparison of observed streamflow data and simulated streamflow data to
assess and improve the performance of the hydrologic model. Systematic modification of input parameters
within acceptable ranges allows the user to adjust the inputs to an uncalibrated model until the outputs more
closely reflect observed data.

Typically, observed data is broken into two portions: calibration data, and validation data. Calibration data is
used fo calibrate the model as described above. The independent validation data is then used to confirm the
performance of the calibrated model. This ensures that the calibration exercise did not simply represent “curve
fitting” of the calibration data, but rather results in a model that reliably predicts watershed response over a
range of data.

Calibration and validation of the Matheson Creek hydrologic model was performed considering the following
hydrograph characteristics:

1. Time of peak (T);

2. Direct Runoff Volume;

3. Peakflow rate;

4. General hydrograph shape.
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In order to determine if the simulated results accurately represented the observed watershed response, a
number of statistics and metrics were assessed. These statistics are shown below with brief explanations of
their purpose:

o Nash-Sutcliffe Efficiency (NSE): Normalized stafistic that determines the relative magnitude of the
residual variance compared to the measured data variance. This is used to determine goodness of fit
between the simulated and observed data, with NSE = 1 being the optimal value.

Mean Square Error {MSE): Error index that indicates the error in the units of the constituent of interest.
This is used to determine goodness of fit between simulated and observed data, with MSE = 0 being
the optimal value.

o Difference in Simulated and Observed Time of Peak: The difference between the simulated and
observed time of peaks, with difference of zero (0) minutes being the optimal value. This is used to
determine goodness of fit and how close time to peak is between simulated and observed data.

e Ratio of Peak Flow Simulated (Qgeaksm) 1o Peak Flow Observed (Qpeakobsened): The ratio of the
simulated peak flow rate to the observed peak flow rate, with Qpeaksim/Qpeakobserved = 1 beING the optimal
value. This is used to determine goodness of fit and if peak flow rate between simulated and observed
data match.

¢ Ratio of Simulated Runoff Volume (Vsmmnot) 1o Observed Runoff Volume (Vobserved,unet): The ratio of
simulated runoff volume to the observed runoff volume, with Vim unofi/ Vobsened.unot = 1 being the optimal
value. This is used to determine goodness of fit and if runoff volume between simulated and observed
data match.

An additional method that was used was a visually graphical comparison of the simulated and observed data,
which was a preliminary indicator of error between the simulated and observed data for all four {4) hydrograph
characteristics. Table 2 displays the purpose of each statistic for each hydrograph characteristic.

Table 2: Methods of for Simulated and Observed Data
Statistics/Methods of Comparison
NSE  MSE Simulated vs Qpeak sim/Qpeok ooserved  Vrunofsim/ Vrunoft,observed
Observed T,
T, X
Characteristics Volume X
Peak Flow X
Rate
General X X X X X
Shape

5.1 Calibration Process & Results
The model was calibrated based on the manipulation of four (4) input parameters in the order shown below:

Time fo Peak (Ty);
Curve Number (CN);
Initial Abstraction (IA);
N value.

Bowr
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Data comparison for the purposes of calibration was completed at Location 3 (Matheson Creek at Willow Drive)
to compare the full Matheson Creek Subwatershed response. The observed and simulated results at Location 2
were also compared for confirmation/discussion.

The final calibrated model represented the following changes from the baseline parameters:

e Time to Peak for each catchment was decreased by 40% of uncalibrated values;

e Curve Number for each catchment was increased by 15% of uncalibrated values;

e Initial Abstraction for each catchment was decreased by 30% of uncalibrated values; and,
e N value for each catchment was set to 1.07 (Uncalibrated value = 3).

Refer to Appendix D (D-2 and D-3) regarding the comparison of the simulated and observed hydrographs for
the uncalibrated and calibrated models. Refer to Appendix D (D-6 to D-9) for the OTTHYMO summary output
files for the uncalibrated and calibrated model. Refer to Table 3 for the summarized statistical analysis of the
simulated and observed data for the uncalibrated and calibrated models for calibration events 3 and 4. Refer
to Appendix D (Tables D-12 and D-13) for additional data regarding the calibrated hydrologic parameters and
the statistical analysis of the calibration events, respectively.

Table 3: Summarized Statistical for Calibration Events at Location 3
Statistical Parameters Average Uncalibrated Average Calibrated Net
Model Values Model Values Change
Nash-Sutcliffe Efficiency -0.52 0.94 1.46
Mean Square Error 0.96 0.03 -0.94
Qpeak Modeled/Qpeck Observed 1.80 1.01 -0.79
Runoff Volume Modeled/Runoff Volume Observed 0.63 1.04 0.41

As shown in Table 3 and the defailed results (Appendix D, Table D-13), the calibration exercise greatly
improved the modeling results relative to the observed data at Location 3. Particularly important was the
significant improvement fo the simulation of peak flow values (rafios of modeled to observed runoff between
0.96-1.05), which will be critical to the accurate assessment of flooding impacts. Hydrograph volumes and
general shapes were also fairly well represented in the calibrated model, with the ratios of modeled runoff
volume to observed runoff volume between 0.85 and 1.23.

Appendix D (D-14, D-15 & Table D-18) also includes comparison of the observed and simulated flows at
Location 2 for the two calibration events. The contributing area to Location 2 is significantly smaller than that of
Location 3. As a result, there is more opportunity for localized error in modeling results. In general, the
calibrated model results show significant improvement over the uncalibrated model results for the calibration
rainfall events, particularly for peak flow (one of the most important parameters). Total hydrograph volume,
however, was not represented well by the model at this location. Specifically, the falling limbs of the modeled
hydrographs did not fall as sharply as those of the observed hydrographs, resulting in more flow volume
modeled than observed. This could be due to a number of factors, such as:

e Localized variation in rainfall patterns not captured in the estimated rainfall record at the watershed
centroid;

o Effects of catchment storage present within catchment 7 and 8, such as quarries, reservoirs, significant
wetland areas, presence of flow barriers such as Highway 400 and the rail corridor;
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Model scaling issues li.e. the model, having been calibrated to simulate runoff volumes for a large
catchment area, may not accurately simulate runoff volumes for a smaller catchment areal).

The overall results of the calibration process indicate the following

e The calibrated model provides a reasonable estimate of peak flows at multiple locations in the
watershed and at a variety of catchment scales, making it suitable for use in the assessment of peak
flow impacts;

o The calibrated model may not be appropriate for modeling of runoff volumes at small scales, although
it represents total runoff volumes on a watershed basis relatively well.

These conclusions are further examined through the validation process, discussed below
5.2  Vadlidation Process & Results

Validation was undertaken using events 5 and 8. It is important to note that these events represented slightly
less desirable candidates, as they were subject to antecedent conditions associated with small rainfall events
the day previous. Furthermore, the rainfall distributions during the events were somewhat irregular. Attempts to
correct for this were accounted for during baseflow separation, however it was anficipated that there would be
some inconsistency with the calibrated model.

At Location 3 (the watershed outlet), the simulated peak flow for event 5 was larger than the observed peak
flow, while the simulated peak flow for event 8 was smaller than the observed peak flow (ratios of modeled to
observed runoff between 0.74-1.32). Both simulated events resulted in similar runoff volumes as the observed
data (+7%).

Refer to Appendix D (D-4 and D-5) regarding the comparison of the simulated and observed hydrographs for
the calibrated model. Refer to Appendix D (D-10 and D-11) for the OTTHYMO summary output files for the
calibrated model. Refer to Table 4 for the summarized statistical analysis of the simulated and observed data
for the calibrated model for all modeled events. Refer to Appendix D (Table D-13) for additional data regarding
the statistical analysis of the validation events.

Table 4: Summarized Statistical for Calibration & Validation {Location 3)
Statistical Parameters Calibrated Model Values* Validated Model Values**
Nash-Suicliffe Efficiency 0.94 0.86

Mean Square Error 0.03 0.10

Qpeak Modeled/Qpeak Observed 1.01 1.03

Runoff Volume Modeled/Runoff Volume Observed 1.04 1.03
own are average events 3 4

** Results shown are average between events 5 and 8

The validation results at Location 3 are (as expected) slightly less accurate than those achieved in the
calibration process, however both the calibration and validation testing show that the performance of the
calibrated model is significantly improved relative to the uncalibrated model.

Appendix D (D-16, D-17 and Table D-18) also includes comparison of the observed and simulated flows at
Location 2 for the two validation events. In general, the calibrated model results show fair results for the
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validation rainfall event 8 (ratio of modeled to observed peak flow 0.89). Similar to the calibrafion event results,
total hydrograph volume was not represented well by the model at this location (ratio of modeled to observed
runoff volume 1.59).

The results of validation event 5 at Location 2 appeared to be incongruent with the results at all locations and
for all other events. Based on the review of the observed hydrographs at Locations 2 and 3, it is clear that some
kind of localized error was present at Location 2 for event 5; the observed watershed response af Location 2 for
event 5 was significantly less than what would be expected. In fact, although event 5 represented a rainfall
amount of 42mm, while event 8 was only 27mm, the observed peak flow at Location 2 was lower for event 5
than for event 8. The results af Location 3 were as expected (the response fo event 5 was greater than that for
event 8). This error could result from a number of sources such as local rainfall irregularities not reflected in the
observed rainfall records, or from data logger malfunction. As such, the results of event 5 at Location 2 have
been reviewed and discussed, but are not considered representative of the performance of the model and
were not considered in the formulations of conclusions and recommendations.

The overall results of the validation process confirm the conclusions from the calibration exercise.
6.0  PRE-DEVELOPMENT CONDITIONS MODELING

The calibrated model developed through this study is suitable for use in the comparison of pre- and post-
development peak flow rates at a number of locafions in the Matheson Creek Watershed. As such, the
calibrated model was used o develop existing conditions peak flows at locations of interest in the Matheson
Creek Watershed for the assessment of peak flow impacts associated with the Midhurst Secondary Plan
Developments within Matheson Creek Subwatershed:

e Location 2 (Matheson Creek Tributary at Gill Road) to assess the local impacts of the proposed flow
diversion; and,

e location 3 (Matheson Creek Outlet) to assess the net watershed impacts of the proposed
developments.

These pre-development peak flows are provided in Table 5 below:

Table 5: Peak Flows
Storm Event Location 3 /s} Location 2 Peak Flow (m?3/s)
Chicago Storm SCS Storm Chicago Storm SCS Storm

2 year 2.3 5.1 0.4 0.8
5vyear 52 na 09 1.8
10 year 7.4 15.9 1.3 2.6
25 year 10.7 23.1 1.9 3.8
50 year 13.4 29.1 2.5 4.8
100 year 16.3 35.6 3.0 5.9

Regional 89.2 15.7

C.F. Crozier & Associates Inc. Page 12 of 15
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7.0 CONCLUSIONS

Through the above analysis, the following items (Steps 1 fo 5) of Phase 2 of the Midhurst MDP included the
completion of the following:

Collection of data, consisting of streamflow and rainfall data;

Processing of dafa for use during the modeling stage;

Determining the model inputs for pre-development model;

Calibration and validation of the pre-development model, comparing observed and simulated data;
Using the calibrated pre-development model, simulate pre-development watershed response to a
variety of rainfall events (2 year through 100 year, 4-hour Chicago and 24-hour SCS, Regional).

R

A variety of rainfall events were used to calibrate and validate a pre-development watershed model in order to
create an accurate and robust model for use in modeling the post-conditions of the Matheson Creek
Subwatershed. The final model was calibrated and validated for large (34.1mm-41.7mm] and small {26.6mm-
27.4mm) events. Calibration was performed at the downstream limit of the model (Location 3), however the
results at Location 2 were also reviewed and discussed

8.0 RECOMMENDATIONS

Based on the results, the calibrated model of the watershed will form a good basis for future peak flow impact
assessments associated with the MSP development within the Matheson Creek Subwatershed. We note that
this model has been established on an event basis for events of 26.6mm to 41.7mm total rainfall volume. As
initial abstraction values in the calibrated model are within 5.8mm to 7.1mm, we recommend use of the model
for assessment of events larger than 20mm for peak flow and total volume. It is not recommended that the
model be used in the assessment of runoff volumes for small catchment areas, although it is appropriate for
use of comparison of total runoff volumes on a watershed basis.

Using the established model as a basis, we recommend the following approach to finalize the MDP for
Matheson Creek, as related fo the five (5) objectives identified af the beginning of this memo.

Obijective #1: Confirm no increase in peak flows downstream of the MSP development areas

Crozier will undertake post-development modeling of the Midhurst Heights Development and other MSP
development areas within Matheson Creek, including proposed SWM facilities. Modeling will be based on the
following considerations:

e Simulation of development areas will be based on work previously submitted through the Stage 1 MDP,
but expanded to include all offsite development areas using similar principles and modeling
techniques;

e Watershed model will be based on the calibrated watershed model presented in this memo;

e Post-development simulation will be undertaken using IDF curves and total rainfall volumes increased
by 15%, per Stage 1 MDP, to account for climate change impacts;

e Peak flow assessment model will neglect the impact of LIDs (conservative);

e Flow assessment will be completed at Locations 2 and 3 on Matheson Creek, to illustrate no negative
impacts at the proposed diversion outlet location and on a watershed basis; and,

C.F. Crozier & Associates Inc. Page 13 of 15
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e Additional commentary and analysis regarding existing site outlets will be provided to assess local
peak flow contributions at the existing site outlefs.

The results of the model will be used to establish the quantity control requirements for all of the MSP
development areas within the Matheson Creek Watershed. The quantity control criteria will be presented in unit
flow rate format (m®/s/ha to each outlet, for each storm event). It will be the responsibility of the proponent of
each development within the study area to demonstrate adherence to these unit flow rates through their Draft
Plan and detailed design submissions, as they come forward.

Obijective #2: Confirm no increase in runoff volumes downstream of the MSP development areas for frequent
events.

An annual water balance analysis of the MSP development areas within the Matheson Creek Watershed will
be undertaken per the Stormwater Management Planning and Design Guidelines (MOE, 2003). The pre-
development and post-development (with climate changel assessments will be compared to establish
additional infiltration criteria that will be required to be accomplished through implementation of LIDs (LIDs to be
assessed as 25% blocked).

“Frequent events” may be defined as events less than the 4 hour, 25mm event rainfall. Events less than 25mm
represent more than 95% of all rainfall events and approximately 76% of the annual volume (Hutchinson, 2014).
As such we will also confirm that the infiliration targets maintain or reduce runoff volumes for the development
areas in the 25mm event.

» ACTION: Crozier will complete a Technical Memo #2 to present work and findings related to
Obijectives #1 and #2.

Obijective #3: Confirm no net erosion impacts downstream of the MSP development areas.
Crozier is coordinating with GEOmorphix to establish extended detention requirements and infiltration targets
to meet erosion objectives. It is understood that these targets may exceed those established to meet Objective

#2, and thus may govern the final SWM targets presented in the Township’s MDP.

> ACTION: Crozier will collaborate with GEOmorphix to prepare a Technical Memo #3 to address
Obijective #3.

Obijective #4: Confirm no additional nutrient loading downstream of the MSP development areas (including
the wastewater treatment plant.

Crozier is coordinating with Hutchison Environmental to confirm that the use of LIDs will address nutrient
loading issues and ensure no negative downstream impact.

» ACTION: Hutchison Environmental to address Objective #4 per TOR established with NVCA and
Township.

Objective #5: Present an Adaptive Management Plan (AMP] that will provide a framework for ongoing
monitoring of the developments, and implement changes if necessary to meet the above noted objectives.

Crozier Inc. Page 14 of
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Crozier will coordinate with SCS Consulting to prepare an AMP for the Midhurst Heights Development that is
similar in nature to that proposed for the Geranium Developments, but modified to suit the specific stormwater
management strategy for the site.

> ACTION: Crozier will present AMP in Technical Memo #4.
Once the Township and Conservation Authority have indicated acceptance of the pre-development modeling

work presented in this Memo, and the Terms of Reference above, we will proceed to complete the balance of
the Stage 2 MDP for Matheson Creek.

C.F. CROZIER & ASSOCIATES INC.

At dpareo

Austin Spencer, E.IT.

Project Engineer

J:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Developmeni\Memos\MDP Technical Memo\SENT\2016.05.20 Ainley\2016.05.20
MDP Memo.docx
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APPENDIX A

Streamflow Data & Baseflow Analysis

C.F. Crozier & Associates Inc.
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5/20/2016

A-4: Streamflow Data for Location 1 (Small Tributary of Matheson Creek - South Gill Rd.)
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A-5: Streamflow Data for Location 2 (Large Tributary of Matheson Creek - North Gill Rd.)
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A-6: Streamflow Data for Location 3 (Matheson Creek at Wilson Dr.)
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2/24/2016

A-7: Selection of Calibration and Validation Events (Streamflow Data Overlay)
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APPENDIX B

Rainfall Data

C.F. Crozier & Associates Inc.
Project No. 845-3675
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Day Occurring
Day After
Total Precipitation (72 hours)
Day Before
Day Occurring
Day After
Total Precipitation {72 hours)
of

Ing purposes

Table B-1: Rain Gauge Precipitation Comparison for Candidate Flow Events

Period of Rainfall
Start Time (dd/mm/yyyy End Time (dd/mm/yyyy
hh:mm) hh:mm)
5/24/2015 0:00 5/25/2015 0:00
5/25/2015 0:00 5/26/2015 0:00
5/26/2015 0:00 5/27/2015 0:00
5/24/2015 0:00 5/27/2015 0:00
6/7/2015 0:00 6/8/2015 0:00
6/8/2015 0:00 6/9/2015 0:00
6/9/2015 0:00 6/10/2015 0:00
6/7/2015 0:00 6/10/2015 0:00
6/11/2015 0:00 6/12/2015 0:00
6/12/2015 0:00 6/13/2015 0:00
6/13/2015 0:00 6/14/2015 0:00
6/11/2015 0:00 6/14/2015 0:00
6/21/2015 0:00 6/22/2015 0:00
6/22/2015 0:00 6/23/2015 0:00
6/23/2015 0:00 6/24/2015 0:00
6/21/2015 0:00 6/24/2015 0:00
6/26/2015 0:00 6/27/2015 0:00
6/27/2015 0:00 6/28/2015 0:00
6/28/2015 0:00 6/29/2015 0:00
6/26/2015 0:00 6/29/2015 0:00
77672015 0:00 7/7/2015 0:00
7/7/2015 0:00 7/8/2015 0:00
7/8/2015 0:00 7/9/2015 0:00
7/6/2015 0:00 7/9/2015 0:00
8/19/2015 0:00 8/20/2015 0:00
8/20/2015 0:00 8/21/2015 0:00
8/21/2015 0:00 8/22/2015 0:00
8/19/2015 0:00 8/22/2015 0:00
9/7/2015 0:00 9/8/2015 0:00
9/8/2015 0:00 9/9/2015 0:00
9/9/2015 0:00 9/10/2015 0:00
9/7/2015 0:00 9/10/2015 0:00
10/8/2015 0:00 10/9/2015 0:00
10/9/2015 0:00 10/10/2015 0:00
10/10/2015 0:00 10/11/2015 0:00
10/8/2015 0:00 10/11/2015 0:00

Coldwater

94
02
136
72
34

106
200
22 00
100
2500
06

86

148
272
42

16

16
32
202

24 4
N/A
N/A
N/A

0
8.4

0

0
84

24 hours

81

06

65
030
3080
000
3110

179

179

171
157
328

N/A
0
0
0

66
0
66
0
20
35
235
23
02
0
25
24 hours

Collingwood  Midland

N/A

N/A
8
24 hours

{mm/24
Minesing*

N/A
N/A
02
02
N/A
N/A

000
3700
000
3700

338
04
3472

13
25
38

156
02
158
N/A
N/A
N/A
N/A
N/A
178
238
416
82

102
15min

Oro-Medonte*

152
02
154
108

04
172
000

3040
000
3040

192
02
194
02
16
304
46 6

02
192
02
224

236

122
324

446
44
38
02
84

15min

COB Rain Gauge 3*

0.25
1225
125
195
075
215
000
3325
000
3325

255
025
2575

1775
25
4275

175

175
1.25
1525

16 5

975
23
3275
1025
075

5min

Average

100
954
014
876
629
738
023
930
046
3069
020
2613
012
19 40
014
19 64
004
1573
24 66
3369
000
16 42
007
1375
116
13 89
140
16 22
000
19.95
16.54
3041
693
113
004
808

Min,

000
300
000
020
125
060
000
000
000
2200
000
000
000
800
000
860
000
13 00
1570
000
000
14.00
000
0.00
0.00
500
000
660
000
975
000
000
230
000
000
250

5/20/2016

rst MDP

Project No. 845-3675

By A Spencer
Date January 28, 2016

Revision Date February 29, 2016

Revised By A Spencer

Statistics
Max.

400

1520
0.25

15.40
10 80
19 50
075

21.50
200

3700
100

3700
060

3380
040

3420
020

1775
3040
46 60
000
19 00
020
19 20
320
22 40
500
24 40
000
40 00
3240
44 60
1025
380
020
11.00

Comments

Missing ra ng gauge
Not selected for modelling purposes

ata at
rain gauge Not selected for modelling
purposes

Rainfall distribution watershed wide No missing
data for modelling rain gauges. Selected for
modelling purposes (Calibration)

Rainfall distribution lower in northern stations
Rainfall isolated to a certain corridor Selected for
modelling purposes (Calibration)

Rainfall distribution watershed wide No missing
data for modelling rain gauges Selected for
modelling purposes [Validation)

m
for modelling rain gauges Small rainfall
Not selected for modelling purposes

Minesing rain gauge Not selected for modelling
purposes

data af the Minesing rain gauged
omm of rainfall) Selected for
purposes (Validation)

No missing
data for modelling rain gauges Smaili rainfall
volume Not selected for modelling purposes



MDP
cmz‘ER Project No. 845-3675 5/20/2016

&ASSOCIATES Neme & spomcer

Consulting Engineers Date Revised March 23, 2016
E
Table B-2: Event 3 Rainfall Data
Large Event
L . . Ungauged . .
Minesing Oro-Medonte COBRG 3 Rainfall Period Date & Time , Rainfall Infensity
. Watershed Centroid
(mm) {mm} {mm) {mins) (mm/dd/yyyy hh:mm) {mm) {mm/hr}
0 0 6/12/2015 0:30 010 039
0 15 6/12/2015 0:45 000 000 Rain Gauge Distance to Watershed Centroid
0 30 6/12/2015 1:00 000 000 Minesing 7460 m
0 45 6/12/2015 1:15 000 000 Oro Medonte 8700 m
0 60 6/12/2015 1:30 010 039 COBRG 3 13050 m
0 75 6/12/2015 1:45 000 000
0 90 6/12/2015 2:00 000 000
0 105 6/12/2015 2:15 007 029
0 120 6/12/2015 2:30 000 000
0 135 6/12/2015 2:45 000 000
0 150 6/12/2015 3:00 000 000
0 165 6/12/2015 3:15 007 029
0 180 6/12/2015 3:30 000 000
0 195 6/12/2015 3:45 000 000
0 210 6/12/2015 4:00 000 000
0 225 6/12/2015 4:15 000 000
0 240 6/12/2015 4:30 010 039
0 255 6/12/2015 4:45 007 029
0 270 6/12/2015 5:00 000 000
0 285 6/12/2015 5:15 000 000
0 300 6/12/2015 5:30 014 057
0 315 6/12/2015 5:45 007 029
0 330 6/12/2015 6:00 000 000
0 345 6/12/2015 6:15 000 000
05 360 6/12/2015 6:30 027 109
025 375 6/12/2015 6:45 014 055
0 390 6/12/2015 7:00 000 000
0 405 6/12/2015 7:15 000 000
0 420 6/12/2015 7:30 019 078
025 435 6/12/2015 7:45 069 277
125 450 6/12/2015 8:00 061 242
0 465 6/12/2015 8:15 078 310
1 480 6/12/2015 8:30 052 208
1 495 6/12/2015 8:45 057 227
0 510 6/12/2015 9:00 017 067
025 525 6/12/2015 9:15 021 083
025 540 6/12/2015 9:30 032 130
0 555 6/12/2015 9:45 048 192
05 570 6/12/2015 10:00 037 148
075 585 6/12/2015 10:15 062 250
025 600 6/12/2015 10:30 040 161
05 615 6/12/2015 10:45 027 109
025 630 6/12/2015 11:00 052 208
075 645 6/12/2015 115 053 21
05 660 6/12/2015 N:30 056 223
075 675 6/12/2015 .45 072 288
25 690 6/12/2015 12:00 102 410
075 705 6/12/2015 12:15 082 327
175 720 6/12/2015 12:30 195 778
2 735 6/12/201512:45 153 61
175 750 6/12/2015 13:00 153 613
15 765 6/12/201513:15 164 654
2 780 6/12/2015 13:30 181 725
375 795 6/12/201513:45 267 10 66
225 810 6/12/2015 14:00 257 10 28
125 825 6/12/201514:15 145 579
125 840 6/12/2015 14:30 259 10 37
25 855 6/12/2015 14:45 128 513
05 870 6/12/2015 15:00 092 366
025 885 6/12/2015 15:15 085 340
0 900 6/12/2015 15:30 078 314
0 915 6/12/201515:45 029 114
0 930 6/12/2015 16:00 029 114
0 945 6/12/201516:15 007 029
025 960 6/12/2015 16:30 on 044
0 975 6/12/2015 16 45 000 000
0 990 6/12/2015 17:00 000 000
0 1005 6/12/20151715 000 000
0 1020 6/12/2015 17:30 000 000
0 1035 6/12/201517:45 000 000
0 1050 6/12/2015 18:00 014 057
0 1065 6/12/2015 18:15 000 000
0 1080 6/12/2015 18:30 000 000
0 1095 6/12/2015 18:45 000 000
0 1110 6/12/201519:00 000 000
0 125 6/12/201519:15 010 039
Sum (mm 370 304 333 341
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Project Midhursl MDP
CROZI ER Project No. 845-3675
Date January 4, 2016
&ASSO(IATES Name A Spencer
Consulting Engineers Date Revised Morch 23, 2016
v Uity of
BARRIE
Table B-3: Event 4 Rainfall Data
Calibration, Small Event
Minesing | Oro-Medonte | COB RG 3 | Rainfall Period Date & Time . ged hed Infall
{mm} {mm} {mm) {mins} {mm/dd/yyyy hh:mm} Centrold (mmy} {mm/hr)
0 0 0.25 0 6/22/201518:45 0.04 0.16
0 0 0 15 672272015 19:00 0.00 0.00
0 0 0 30 6/22/2015 19:15 0.00 0.00
0 0.6 0.25 45 6/22/201519:30 0.25 101
0.2 0 0 60 6/22/2015 19:45 0.10 0.39
0 0 0 75 6/22/2015 20:00 0.00 0.00
0 0 0 90 6/22/2015 20:15 0.00 0.00
0.2 0.2 0.25 105 6/22/2015 20:30 0.21 0.83
0.2 0.4 0 120 6/22/2015 20:45 0.24 0.96
0.8 0.2 0.5 135 6/22/2015 21:00 0.54 215
2.2 0.8 175 150 6/22/2015 2115 163 6.52
15.6 0.8 6.25 165 6/22/2015 21:30 8.84 35.36
13.4 0.4 s 180 6/22/2015 21:45 8.94 3576
0.2 0 0 195 6/22/2015 22:00 0.10 0.39
0 0.4 0.25 210 6/22/2015 22:15 0.8 073
0 14 0 225 6/22/2015 22:30 0.50 2.00
0.2 2.4 0 240 6/22/2015 22:45 0.95 3.8
0 9.8 0 255 6/22/2015 23:00 3.49 13.98
0.4 1.6 0.25 270 6/22/2015 23:15 0.80 3.22
0.4 0.2 125 285 6/22/2015 23:30 0.46 1.85
0 0 0 300 6/22/2015 23:45 0.00 0.00
0 0 0 315 6/23/2015 0:00 0.00 0.00
0.2 0 0 330 6/23/2015 0:15 0.10 0.39
| Sumimm)| 340 19.2 255 274

5/20/2016

Raln Gauge Distance to Watershed Centrold
Minesing 7460 m
Oro Medonte 8700 m
COBRG 3 13050 m

1:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix B\2016.03.29 Location 2 Direct Runoff 1



5/20/2016

CROZI ER Project No. 845-3675
&ASSOCIATES Name A Spencer

Consulting Engineers Date Revised March 23, 2016
The Chy of
Minesing Oro-Medonte COBRG 3 Rainfall Period Date & Time Ungauged Rainfall Intensity
{mm} (mm) {mm) {mins) {mm/dd/yyyy hh:mm) Centroid (mm) (mm/hr)
0 0 0 0 6/27/2015 15:45 000 000
0.2 0 05 15 6/27/2015 16:00 018 070 Rain Gauge Distance to Watershed Centroid
1.2 0 225 30 6/27/2015 16:15 094 375 Minesing 7460 m
0B 0 128 45 6/27/2015 16:30 059 234 Oro Medonfe 8700 m
1.2 [\ 05 60 6/27/2015 16:45 066 264 COBRG3 13050 m
0.4 0 075 75 6/27/2015 17:00 031 125
1 0 15 90 6/27/2015 17:15 072 289
0.4 04 075 105 6/27/2015 17:30 046 182
0.2 1 025 120 6/27/2015 17:45 049 197
0.4 0.6 025 135 6/27/2015 18:00 045 179
0.4 0.2 05 150 6/27/2015 18:15 034 138
0.4 0.8 075 165 6/27/2015 18:30 060 239
0.2 0.8 0 180 6/27/2015 18:45 038 153
0.4 0.4 025 195 6/27/2015 19:00 038 150
0.4 0.2 075 210 6/27/2015 19:15 038 154
0.4 0.6 05 225 6/27/201519:30 049 195
0.2 0.4 025 240 6/27/2015 19:45 028 112
0.4 0.4 025 255 6/27/2015 20:00 038 150
0.2 0.2 05 270 6/27/2015 20:15 025 099
0.4 08 1 285 6/27/2015 20:30 064 255
0.2 0.8 125 300 6/27/2015 20:45 058 232
0.8 0.2 075 35 6/27/2015 21:00 058 231
0.4 0.4 025 330 6/27/2015 21:15 038 150
0.4 0.2 025 345 6/27/2015 21:30 030 122
0.2 0.6 05 360 6/27/2015 21:45 039 156
0.2 0.4 075 375 672772015 22:00 036 143
0.6 3 075 390 6/27/2015 22:15 148 592
0.4 1.6 025 405 6/27/2015 22:30 080 322
0.2 0.4 0 420 6/27/2015 22:45 024 096
0.2 0.4 025 435 6/27/2015 23:00 028 112
0 0.4 0 450 6/27/2015 23:15 014 057
0.2 0.4 0 265 6/27/2015 23:30 024 096
0 0.2 0 480 6/27/2015 23:45 007 029
0 0.2 0 495 6/28/2015 0:00 007 029
0 0 0 510 6/28/2015 0:15 000 000
0 0.4 0 525 6/28/2015 0:30 014 057
0.2 0 0 540 6726872015 0:45 010 039
0.2 0 ] 555 6/28/2015 1:00 010 039
0.4 0 025 570 6/28/2015 115 023 093
0.2 0 0 585 6/28/2015 1:30 010 039
0 0 025 600 6/28/2015 1:45 004 016
0 0 0 615 6728/2015 2:00 000 000
0 0 0 630 6/268/2015 2:15 000 000
0 0.2 0 645 6/28/2015 2:30 007 029
0.2 0.8 05 660 6/28/2015 2:45 046 185
0 0.2 025 675 6/28/2015 3:00 on 044
0.2 0 05 690 6/28/2015 3:15 018 070
0.2 0 025 705 6/28/2015 3:30 0M 055
0.2 0.6 025 720 6/28/2015 3:45 035 140
0.2 0.2 075 735 6/28/2015 4:00 029 115
0.2 0.6 025 750 6/28/2015 4:15 035 140
0 0.2 05 765 6/28/2015 4:30 015 060
0.2 0.4 05 760 6/28/2015 4:45 032 128
0 0.2 05 795 6/28/2015 5:00 015 060
0.6 0.2 05 810 6/28/2015 5:15 044 177
0.2 0 05 825 6/28/2015 5:30 018 070
0 0.4 025 840 6/28/2015 5:45 018 073
0.2 0.2 0 855 6/28/2015 6:00 017 067
0 0.6 025 870 6/28/2015 6:15 025 101
0 0.2 05 885 6/28/2015 6:30 015 060
0.2 0.2 1 900 6/28/2015 6:45 033 131
0 0.4 025 915 6/28/2015 7:00 018 073
0 0 05 930 6/28/2015 7:15 008 032
0.2 0.2 2 945 6/28/2015 7:30 049 194
0.2 0 125 960 6/28/2015 7:45 030 118
1.4 0.2 2 975 6/28/2015 8:00 107 427
1.4 0.4 2 990 6/28/2015 8:15 114 455
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Minesing Oro-Medonte COBRG 3 Rainfall Period

(mm}

1.8
2
1.8
0.8
12
2
1.4
12
08

o
o

[=3 =Y =} =3 =3
O a0 CO00000D0 ;0= 300000C00C0CCO0O0Lg —

o
- ©

0000000000 0RQ

o
S

0.2
0.2

Sum (mm 380

J:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix B\2016.03 29 Location 2 Direct Runoff

CROZIER
&ASSOCIATES

Consulting Engineers
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Table B-4: Event 5 Rainfall Data

{mins}

1005
1020
1035
1050
1065
1080
1095
no
nz2s
140
nss
n7o
185
1200
1215
1230
1245
1260
1275
1290
1305
1320
1335
1350
1365
1380
1395
1410
1425
1440
1455
1470
1485
1500
1515
1530
1545
1560
1575
1590
1605
1620
1635
1650
1665
1680
1695
1710
1725
1740
1755
1770
1785
1800
1815
1830
1845
1860
1875
1890

Date & Time
(mm/dd/yyyy hh:mm}

6/28/2015 8:30
6/28/2015 8:45
6/28/2015 9:00
6/28/2015 9:15
6/28/2015 9:30
6/28/2015 9:45
6/28/2015 10:00
6/28/2015 10:15
6/28/2015 10:30
6/28/201510:45
6/28/2015 11:00
6/28/2015 1115
6/28/201511:30
6/28/2015 11:45
6/28/201512:00
6/28/201512:15
6/28/201512:30
6/28/201512:45
6/28/201513:00
6/28/2015 13:15
6/28/201513:30
6/28/201513:45
6/28/201514:00
6/28/201514:15
6/28/2015 14:30
6/28/2015 14:45
6/28/2015 15:00
6/28/201515:15
6/28/201515:30
6/28/2015 15:45
6/28/201516:00
6/28/2015 16:15
6/28/201516:30
6/28/2015 16:45
6/28/201517:00
6/28/201517:15
6/28/201517:30
6/28/201517:45
6/28/2015 18:00
6/28/2015 18:15
6/28/2015 18:30
6/28/2015 18:45
6/28/201519:00
6/28/201519:15
6/28/201519:30
6/28/201519:45
6/28/2015 20:00
6/28/2015 20:15
6/28/2015 20:30
6/28/2015 20:45
6/28/2015 21:00
6/28/2015 2115
6/28/2015 21:30
6/28/2015 21:45
6/28/2015 22:00
6/28/2015 22:15
6/28/2015 22:30
6/28/2015 22:45
6/28/2015 23:00
6/28/2015 2315

Project No. 845-3675
Date January 4, 2016
Name A Spencer
Date Revised March 23, 2016

A

A

Centroid (mm})

107
145
164
127
139
152
100
098
078
079
077
036
043
018
04
007
007
043
007
025
000
029
036
045
070
064
028
000
007
000
000
on
000
o
000
033
010
000
000
000
017
000
000
000
000
000
000
000
000
000
000
000
000
000
010
000
000
010
014
¢ 00
a7

infall Intensity
{mm/hr}

428
578
657
507
556
607
402
39N
314
316
308
145
171
073
057
029
029
m
029
100
000
114
143
181
2 80
257
12
000
029
000
000
044
000
086
000
132
039
000
000
000
067
000
000
000
000
000
000
000
000
000
000
000
000
000
039
000
000
039
055
000
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Project Midhurst MDP
CROZIER Project No. 845-3675
Date January 4, 2016
&ASSOCIATES Name A. Spencer
Consulting Engineers Date Revised March 23, 2016
The ity of
BARRIE
Table B-5: Event 8 Rainfall Data
Validation, Small Event
Minesing | Oro-Medonte | COB RG 3 | Rainfall Period Date & Time Ungauged Watershed| Rainfall Intensity
{mm) {mm) {mm) {mins) {mm/dd/yyyy hh:mm) Centroid (mm} {mmvhr)
0 0 0 0 9/9/2015 0:00 0.00 0.00
12 0 05 15 9/9/2015 0:15 0.66 264 Rain Gauge Distance to Watershed Centroid
2.4 0 0.75 30 9/9/2015 0:30 1.28 513 Minesing 7460 m
2 2 0.25 45 9/9/2015 0:45 172 6.89 Oro Medonte 8700 m
14 08 0.25 60 9/9/2015 1:00 1.00 402 COBRG3 13050 m
2.4 1.8 0.75 75 9/9/2015 115 192 7.70
24 2.8 475 90 9/9/2015 1:30 2.92 1.66
0.4 2 3.25 105 9/9/2015 1:45 142 5.69
0 2.4 15 120 9/9/2015 2:00 109 437
0 1.6 0 135 9/9/2015 2:15 0.57 2.28
0 34 025 150 9/9/2015 2:30 125 501
0.2 3 0 165 9/9/2015 2:45 117 467
0.2 0.2 0.25 180 9/9/2015 3:00 0.21 0.83
0.6 0.2 0 195 9/9/2015 3:15 0.36 1.45
12 0 0 210 9/9/2015 3:30 058 2.33
12 0 0.5 225 9/9/2015 3:45 0.66 2.64
2 0 075 240 9/9/2015 4:00 1.09 436
14 04 175 255 9/9/2015 415 1.10 4.40
0.8 0.8 15 270 9/9/2015 4:30 091 3.64
0.4 14 1 285 9/9/2015 4:45 0.85 3.41
1.2 4 15 300 9/9/2015 5:00 225 8.98
0.6 12 15 315 9/9/2015 5:15 0.96 3.83
0.6 1.2 0.75 330 9/9/2015 5:30 0.84 3.35
0.6 1 0.5 345 9/9/2015 5:45 073 291
0 0.2 0.25 360 9/9/2015 6:00 on 0.44
0 0.4 0.25 375 9/9/2015 6:15 0.18 073
0.2 0.4 0 390 9/9/2015 6:30 0.24 0.96
0.2 0.6 025 405 9/9/2015 6:45 0.35 1.40
0 0 0 420 9/9/2015 7:00 0.00 0.00
0 0 0 435 9/9/20157:15 0.00 0,00
0 0.2 0 450 9/9/2015 7:30 0.07 0.29
0 0.2 0 465 9/9/20157:45 0.07 0.29
0 0.2 0 480 9/9/2015 8:00 0.07 0.29
0 0 0 495 9/9/2015 8:15 0.00 0.00
| Summm) 236 324 23 26.6
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Table B-6 - Eveat 3 (C,L) Storm File

) Event3
Event 3 Storm Event

15

76

NOOONWEAENNNNERENEEEOONNWNNOOOOHOOOOOOOOOOOOOOOOOOOOOOOO
o
o

Page 1



I OO COCOOO0OOOOCOOOOHRPRWW

Event3

Page 2



Table B-3F: Event Y (c)s) Shrm File

Event4
2
Event 4 Storm Event
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Euent S (V,L) Storm F

Toble B-3

Event5

2

Event 5 Storm Event
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Event5
0.00
0.00
0.39
0.55
0.00
-1.00

Page 3



Table B-9' Eveat § (,V)S) Sterm File

Event8
2
Event 8 Storm Event
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Midhurst Heights Development Stage Two of Matheson Creek MDP
Midhurst Rose Alliance Inc. May 20, 2016

APPENDIX C

Watershed Characteristics

C.F. Crozier & Associates Inc.
Project No. 845-3675
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5/20/2016

Project Name: Midhurst MDP
; CROZI ER Project Number: 845-3675
Date: January 13, 2016
&ASSOCIATES
Revised: February 23, 2016
““.. C(onsulting Engineers Revised By: K Wiimhurst
Table C-2: Base Model Time To Peak (Tp) (CALIB NASHYD Command)
Pre Development Drainage Area: Catchments
Reach 1 Reach 2 Reach 3 Combined

Satehment Ale0 length fall slope slope Travel Time length fall slope slope Travel Time length fall slope slope Travel Time TOT?:;Z]VQ Totc;li;rsvel Tp

No. {m) (m) {m/m| (%) {sec) {m) {m) {m/m| {%] {sec) {m) {m) (m/m| (%) {sec) [sec) (hr) (hr)
1 100 0.75 0.0075 0.75% 1924.501 703.400 29.25 0.0416 4.16% 749.864475 3622.29 10 0.0028 0.28% 14987.079 17661.444 4.906 3.287
2 100 3.33 0.0333 3.33% 913.328 1163.230 42.66 0.0367 3.67% 1320.47485 2454.62 14 0.0057 0.57% 7065.690 9299.492 2.583 1.731
3 100 2 0.0200 2.00% 261.89 4617.100 100 0.0217 2.17% 6820.18397 None None None None None 7082.075 1.967 1.318
4 100 1.25 0.0125 1.25% 1490.712 4997.440 98 0.0196 1.96% 7758.01319 None None None None None 9248.725 2.569 1.721
5 100 1.5 0.0150 1.50% 1360.828 3858.670 79 0.0205 2.05% 5862.53003 None None None None None 7223.358 2.006 1.344
6 100 3 0.0300 3.00% 962.250 1146.660 23 0.0201 2.01% 1760.07123 None None None None None 2722.322 0.756 0.507
7 100 2.5 0.0250 2.50% 1054.093 2517.840 37 0.0147 1.47% 4515.26765 None None None None None 5569.360 1.547 1.037
8 100 3 0.0300 3.00% 962.250 1706.190 66 0.0387 3.87% 1885.86799 2270.49 38 0.0167 1.67% 3815.309 6663.428 1.851 1.240
9 100 0.66 0.0066 0.66% 2051.525 2513.100 36.25 0.0144 1.44% 4548.86259 None None None None None 6600.387 1.833 1.228
10 100 2 0.0200 2.00% 1178.51 1507.060 46 0.0305 3.05% 1875.24954 2187.96 7 0.0032 0.32% 8409.152 N462.913 3184 2.133
n 100 0.5 0.0050 0.50% 2357.023  2588.760 42.6 0.0165 1.65% 4387.07494 None None None None None 6744.098 1.873 1.255
12 100 2 0.0200 2.00% 428.550 5253.190 105 0.0200 2.00% 8077.597 None None None None None 8506.147 2.363 1.583
13 100 3 0.0300 3.00% 962.250 6080.800 121 0.0199 1.99% 9371.09979 None None None None None 10333.350 2.870 1.923
14 100 0.85 0.0085 0.85% 1807.754 893.750 17.2 0.0192 1.92% 1400.56099 3646.88 248 0.0068 0.68% 9613.876 12822.191 3.562 2.386
15 100 0.5 0.0050 0.50% 523.783 2088.600 38 0.0182 1.82% 3366.14857 2961.64 40 0.0135 1.35% 5540.010 9429.942 2.619 1.755
16 100 1.8 0.0180 1.80% 276.058 1447.730 32.25 0.0223 2.23% 2108.67024 3792.69 30.25 0.0080 0.80% 9232.100 11616.828 3.227 2.162
17 100 1 0.0100 1.00% 1666.667 3816.140 101 0.0265 2.65% 5099.3865 1589.58 16 0.0101 1.01% 3444338 10210.391 2.836 1.900
18 100 4 0.0400 4.00% 833.333 5464.790 130 0.0238 2.38% 7702.48229 2358.87 8 0.0034 0.34% 8805.483 17341.299 4.817 3.227

J:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix C\Hydraulic Parameters--2016-02-23(test)
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J:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix C\Hydraulic Parameters--2016-02-23(test)

CALIFORNIA

AVG SLOPE

TOTAL LENGTH TOTAL FALL

4425.69
3717.85
4717.10
5097.44
3958.67
1246.66
2617.84
4076.68
2613.10
3795.02
2688.76
5353.19
6180.80
4640.63
5150.24
5340.42
5505.72
7923.66

40.00
59.99
102.00
99.25
80.50
26.00
39.50
107.00
36.91
55.00
43.10
107.00
124.00
42.85
78.50
64.30
118.00
142.00

(%)

0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.01
0.01
0.02
0.02
0.02
0.01
0.02
0.01
0.02
0.02

Table C-3: Base Model Time To Peak (Tp) Check (CALIB NASHYD Command)
Pre Development Drainage Area: Catchments

LENGTH
(MILES)

2.75
2.31
2.93
3.7
2.46
0.77
1.63
2.53
1.62
2.36
1.67
3.33
3.84
2.88
3.20
3.32
3.42
492

FALL
(FEET)

131.23
196.82
334.65
325.62
2641

85.30

129.59
351.05
121.10

180.45
141.40
351.05
406.82
140.58
257.55
210.96
387.14
465.88

TC (Min)

76.60
53.58
57.50
63.56
51.44
20.93
4.97
47.70
42.99
56.74
41.86
65.33
72.88
78.79
70.39
79.27
64.99
92.16

Tc (HR)

1.28
0.89
0.96
1.06
0.86
0.35
0.70
0.79
072
0.95
0.70
1.09
1.21
1.31
117
1.32
1.08
1.54

Tp (HR)

0.86
0.60
0.64
071
0.57
0.23
0.47
0.53
0.48
0.63
0.47
0.73
0.81
0.88
0.79
0.89
0.73
1.03

RETARDANCE
FACTOR

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

OVERLAND
FLOW LENGTH
{m)

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

OVERLAND
FLOW SLOPE

0.01
0.03
0.02
0.01
0.02
0.03
0.03
0.03
0.01
0.02
0.01
0.02
0.03
0.01
0.01
0.02
0.01
0.04

Tov
(MIN)

28.26
19.91

22.44
25.06
24.01

20.40
21.29
20.40
2912
22.44
31.08
22.44
20.40
27.44
31.08
23.00
26.41

19.07

- KERPICH
CHANNEL CHANNEL
FLOW
LENGTH FLOW
SLOPE
(m)
4325.69 0.02
3617.85 0.02
4617.10 0.02
4997.44 0.02
3858.67 0.02
1146.66 0.02
2517.84 0.01
3976.68 0.03
2513.10 0.0
3695.02 0.02
2588.76 0.02
5253.19 0.02
6080.80 0.02
4540.63 0.01
5050.24 0.02
5240.42 0.02
5405.72 0.02
7823.66 0.01

Ton (MIN) Tc (MIN)

53.29
47.26
56.54
62.44
50.32
19.93

41.16

45.84
41.39

52.45
40.26
64.41

7222
67.90
68.32
71.57
68.17
101.55

81.55

67.17

78.98

87.50
74.34
40.33

62.45
66.24
70.51

74.89
71.34

86.85
92.62
95.34
99.41

94.58
94.58
120.62

5/20/2016

Project Name: MDP
Project Number: 845-3675
Date: January 13, 2016

By C. Wilson

Revised: February 23, 2016
Revised By: K. Wilmhurst

Tc (HR)

1.36
112
1.32
1.46
1.24
0.67
1.04
1.10
1.18
1.25
119
1.45
1.54
1.59
1.66
1.58
1.58
2.01

Tp (HR)

0.91
0.75
0.88
0.98
0.83
0.45
0.70
0.74
0.79
0.84
0.80
0.97
1.03
1.06
1Al
1.06
1.06
1.35
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Midhurst Heights Development Stage Two of Matheson Creek MDP
Midhurst Rose Alliance Inc. May 20, 2016

APPENDIX D

Modeling Results: Calibratfion & Validation

C.F. Crozier & Associates Inc.
Project No. 845-3675
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5/20/2016

D-2: Event 3 (C, L) Location 3 Actual and Simulated Direct Runoff

6.250

6.000 ~
5.750 ‘ \
5.500

5.250

5.000

4.750

4.500

4250

4.000

3750

3 500

3.250 /
3000

2750 ,

Direct Runoff (cu.m/s)

2.500 ‘
2.250
2.000
1750 ‘ \

1.500 \

1.250 \

1.000 l \ -
0.750 \
0.500 \ -
\ S~
.
——
0.250 ~ -
————

0.000

O O By B b, 2 A D T o, Dy D W O By B G D T D By D p B G O o, D G, B Y B Y DY D0

0o D 0 Y D 0 U N D D B % D D D N DY D DYDY W Y D Y DY Y Y Y Y 0 D Y Y 0
Time (mins)
Actual Direct Runoff = Base Model Simulated Direct Runoff e Calibrated Model Simulated Direct Runoff
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D-3: Event 4 (C, S) Location 3 Actual and Simulated Direct Runoff
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3.450 L
3.300
3.150
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2.850
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2.400
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1950 -
1.800 »

1.650
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0.900
0.750

0.600 \ .
0.450 ~

0.300 \ =

0.150

0.000

Time (mins)

Actual Direct Runoff = Base Model Simulated Direct Runoff e Calibrated Model Simulated Direct Runoff
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D-4: Event 5 (V, L) Location 3 Actual and Simulated Direct Runoff
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D-5: Event 8 (V, S) Location 3 Actual and Simulated Direct Runoff
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D-6 3 Event 3 (C,L) Buse Model Summary Ovtput

0
BaseModel

\Y Vv I SSSSS U U A L
\" \% I SS u U A A L

V V I SS U U AAAAA L

VvV V I SS U Uu A A L

\AY) I SSSSS UUUUU A A LLLLL

000 TTTTI TTTTT H H Y Y M M 000 ™
0 (0] T T H H YY MM MM O (0]
(0] 0 T T H H Y M M O (0]
000 T T H H Y M M 000

Developed and Distributed by Civica Infrastructure
Copyright 2007 - 2013 Civica Infrastructure
A1l rights reserved. ‘

*Ek%% S UMMARY OUTPUT #wwke

Input filename: C:\Program Files (x86)\VH Suite 3.0\VO2\voin.dat

output filename:
C:\Users\aspencer\AppData\Local\CEG\V03\61lfe3ac0-5a97-4fee-8ce5-102abfcb6lce9\b2c5ad7
7-6528-447b-b7d0-5302a2b7a5f5\scenar

summary filename:
C:\Users\aspencer\AppData\Local\CEG\V03\61lfe3ac0-5a97-4fee-8ce5-102abfc6lce9d\b2c5ad7
7-6528-447b-b7d0-5302a2b7a5f5\scenar
DATE: 04/14/2016 TIME: 11:40:14

USER:

COMMENTS

R T T

** STMULATION NUMBER: w3
Tededdehhdrvwbhlehhhhhhhhddhldeddic
W/E COMMAND HYD 1D DT AREA ' Qpeak Tpeak R.V. R.C. Qbase
min ha ' cms hrs mm cms
START @ 0.00 hrs
READ STORM 15.0
[ Ptot= 34.06 mm ]
fhame :

C:\Users\aspencer\Appbata\Local\Temp\bd980d81-7470-4e43-b4{5-32943e0c3262\9¢c673534-5
737-4539-9bfc-ed
remark: Event 3 Storm Event

*

*% CALIB NASHYD 0218 1 5.0 1089.96 0.76 17.33 1.63 0.05 0.000
[CN=42.3 ]
[ N=3.0:Tp 3.20]

CHANNEL[ 2: 0218] 0101 1 5.0 1089.96 0.68 18.58 1.63 n/a 0.000

k3

k]

Page 1



b

*
3%

3

3%

b

kR

%

*

* CALIB NASHYD

[CN=33.2
[ N=3.0:Tp

ADD [ 0206+
CHANNEL[ 2:
CALIB NASHYD

[CN=48.4
[ N=3.0:Tp

* CALIB NASHYD

[CN=46.6
[ N=3.0:Tp

CALIB NASHYD
[CN=55.0

[ N=3.0:Tp
0106+
0006+
0006+
0006+

0006+

ADD

ADD

ADD

ADD
ADD [
CHANNEL[ 2:

CALIB NASHYD

[CN=52.5
[ N=3.0:Tp

* CALIB NASHYD

[CN=56.9
[ N=3.0:Tp

ADD [ 0203+
ADD [ 0110+
CHANNEL[ 2:
CALIB NASHYD
[CN=46.7

[ N=3.0:Tp
ADD [ 0111+
CHANNEL[ 2:
CALIB NASHYD
[CN=52.1

[ N=3.0:Tp

ADD [ 0112+

]

0.50]
0004]

00051

1.30]

1.20]

2.10]
01071
0109]
0205]
0209]
0210]

0006]

1.70%
0204]
00071

0008]

]

1.70]
0202]

0009]

]
3.30]
0201]

0206

0005
0109
0205

0209

0210

0006
0006
0006
0006
0006
0110
0203

0204

0007
0008
0111
0202

0009

0112

0201

0010

R R W HE W R W

H R W oW

w

Vi1 noun
o O o O

Vil oo
o O O O O o ©

o O

(=]

BaseModel

87.

1223.
.66

1223

248,

513.

422

5310.
.86
6781.
.47
7718.
7718,

236.

6533

7295

489.

725.
8444,
8444,

434,

8878.

8878.

358.

9236.

76

66

07

54

.91

20

93

38
38
33

54

87
25
25
25

50

50

19

69

Page 3

(=2 Y N T R

S oy o B

A1

.35
.28
.42

.83

.68

.70
.46
.56
.79
.37
.30
.49

.04

.51
21
.06
.60

.45

77

.34

.07

14.

16.
16.
15.

15

16.

19.
18.
17.
17.
17.
17.

15

15.

15.
17.
17.
15.

17.

18.

17.

18.

58

08
75
50

.42

25

00
17
83
42
25
67

.42

83

67
00
50
92

33

83

42

75

N e e e =

= N N N

.08

.73
.73
.06

.88

.66

.92
.89
.89
.89
.93
.93
.58

.06

.91
.02
.02
.98

.01

.01

.27

.02

0.03

n/a
n/a

0.06

0.06

0.08

n/a
n/a
n/a
n/a
n/a
n/a

0.08

0.09

n/a
n/a
n/a

0.06
n/a
n/a

0.07

n/a

o O O O O o O

o O © O

o

.000

.000
.000
.000

.000

.000

.000
.000
.000
.000
.000
.000
.000

.000

.000
.000
.000
.000

.000

.000

.000

.000



D-F: Eveat 4 (C,S) Base Mode] SUMMM\, Ovt put
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Developed and Distributed by Civica Infrastructure
Copyright 2007 - 2013 Civica Infrastructure
All rights reserved.

b

*EE%¥% S UMMARY OUTPUT ##wx

Input filename: C:\Program Files (x86)\VH Suite 3.0\vO2\voin.dat

output filename:
C:\Users\aspencer\AppData\Local\CEG\V03\61fe3ac0-5a97-4fee-8ce5-102abfc61ce9\93f8e46
2-fc4e-4304-ad96-d6b8169eff58\scenar

summary filename:
C:\Users\aspencer\ABpData\Loca1\CEG\V03\61fe3ac0—5a97—4fee—8ce5—102abfc61ce9\93f8e46
2-fcd4e-4304-ad96-d6b8169eff58\scenar

DATE: 04/14/2016 TIME: 11:40:15

USER:

COMMENTS:

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

*%* SIMULATION NUMBER: 2 **

T R Y R R R A R R

RAEARRERRRUNRRS

W/E COMMAND HYD ID DT AREA ' Qpeak Tpeak R.V. R.C. Qbase
min ha ' cms hrs mm cms

START @ 0.00 hrs

READ STORM 15.0
[ Ptot= 27.38 mm ]
fname :

C:\Users\aspencer\AppData\Local\Temp\bd980d81-7470-4e43-b4f5-3a943e0c3262\1fed4287e-T
34b-46dc-b8d6-82
remark: Event 4 Storm Event

*

*¥% CALIB NASHYD 0218 1 5.0 1089.96 0.43 7.17 0.88 0.03 0.000
[cN=42.3 ]
[ N=3.0:Tp 3.20]

CHANNEL[ 2: 0218] 0101 1 5.0 1089.96 0.39 8.25 0.88 n/a 0.000

*
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D-%3 Event3 (L) Culibrated Model Summary Ovtput

Calibratedmodel
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Developed and Distributed by Civica Infrastructure
Copyright 2007 - 2013 Civica Infrastructure
ATl rights reserved.

*rk%% S UMMARY OUTPUT #wkxw

Input filename: C:\Program Files (x86)\VH Suite 3.0\vO2\voin.dat

output filename:
C:\Users\aspencer\AppbData\Local\CEG\VO3\61fe3ac0-5a97-4fee-8ce5-102abfc6lce9\b2c5ad7
7-6528-447b-b7d0-5302a2b7a5f5\scenar

Summary filename:
C:\Users\aspencer\AppData\Local\CEG\V0O3\61fe3ac0-5a97-4fee-8ce5-102abfc6lced\b2c5ad7
7-6528-447b-b7d0-5302a2b7a5f5\scenar
DATE: 04/14/2016 TIME: 11:45:00

USER:

COMMENTS:

TR ET R AT AT R AR AN R AT TR TTTRATRETR

W/E COMMAND HYD ID DT AREA ' Qpeak Tpeak R.V. R.C Qbase
min ha ' cms hrs mm cms

START @ 0.00 hrs

READ STORM 15.0
[ Ptot= 34.06 mm ]
fname :

C:\Users\aspencer\AppData\Local\Temp\effca76f-40f4-4bc9-9b01-640fdfb9b0bd\9c673534-5
737-4539-9bfc-ed
remark: Event 3 Storm Event

e
W

** CALIB _NASHYD 0218 1 5.0 1089.96  0.22 16.25 2.32 0.07  0.000
[CN=48.6 ]
[ N=1.1:Tp 1.90]

CHANNEL[ 2: 0218] 0101 1 5.0 1089.96 0.21 19.83 2.53 n/a 0.000

*
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D-93 Event 4 (¢,5) Calibruted Madel Summary Ovtput

calibratedmodel
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Developed and Distributed by Civica Infrastructure
Copyright 2007 - 2013 Civica Infrastructure
A1l rights reserved.

¥%%%%k S UMMARY OUTPUT *kwex

Input filename: C:\Program Files (x86)\VH Suite 3.0\VO2\voin.dat

output filename:
C:\Users\aspencer\AppData\Local\CEG\VO3\61fe3ac0-5a97-4fee-8ce5-102abfc61lce9\93f8e46
2-fc4e-4304-ad96-d6b8169eff58\scenar

summary filenam
C:\Users\aspencer\AppData\Local\CEG\VO3\61fe3ac0-5a97-4fee-8ce5-102abfc61ce9\93f8e46
2-fc4e-4304-ad96-d6b8169eff58\scenar

DATE: 04/14/2016 TIME: 11:45:00

USER:

COMMENTS:

ddedededede ke hhkddehh kR hh ko d Rt hk

*%* SIMULATION NUMBER: 2 F*

W/E COMMAND HYD ID DT AREA ' Qpeak Tpeak R.V. R.C. Qbase
min ha ' cms hrs mm cms

START @ 0.00 hrs

READ STORM 15.0
[ Ptot= 27.38 mm ]
fname :

C:\Users\aspencer\AppData\Local\Temp\effca76f-40f4-4bc9-9b01-640fdfb9b0bd\1fe4287e-f
34b-46dc-b8d6-82
remark: Event 4 Storm Event

*% CALIB NASHYD 0218 1 5.0 1089.96 0.13 5.92 1.40 0.05 0.000
[CN=48.6 ]
[ N=1.1:Tp 1.90]
CHANNEL[ 2: 0218] 0101 1 5.0 1089.96 0.12 10.08 1.49 n/a 0.000
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calibratedmodel
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Developed and Distributed by Civica Infrastructure
Coqyr1ght 2007 - 2013 civica Infrastructure
All rights reserved.

*xkE% S UMMARY OUTPUT ¥wkex

Input filename: C:\Program Files (x86)\VH Suite 3.0\vO2\voin.dat

output filename:
C:\Users\aspencer\AppData\Local\CEG\VO3\61fe3ac0-5a97-4fee-8ce5-102abfc6lce9\c548a42
4-3a35-45de-a62d-3f76823f331f\scenar

Summary filename:
C:\Users\aspencer\AppData\Local\CEG\V0O3\61lfe3ac0-5a97-4fee-8ce5-102abfc6lce9\c548a42
4-3a35-45de-a62d-3f76823f331f\scenar

DATE: 04/14/2016 TIME: 11:51:23

USER:

COMMENTS:

** SIMULATION NUMBER: 1 ==

Fedededefefedededededede kNl k

W/E COMMAND HYD ID DT AREA ' Qpeak Tpeak R.V. R.C Qbase
min ha ' ams hrs mm cms

START @ 0.00 hrs

READ STORM 15.0

[ Ptot= 41.75 mm ]

fname :
C:\Users\aspencer\AppData\Local\Temp\Ocd4e4a3-d7af-4796-97c4-9a203698774\97dfd14f-9
22e-484c-b388-f4

remark: Event 5 Storm Event

o
w

** CALIB NASHYD 0218 1 5.0 1089.96 0.31 23.50 3.64 0.09 0.000
[CN=48.6 ]
[ N=1.1:Tp 1.90]

CHANNEL[ 2: 0218] 0101 1 5.0 1089.96 0.31 26.17 4.04 n/a 0.000
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Developed and Distributed by Civica Infrastructure
Copyright 2007 - 2013 cCivica Infrastructure
A1l rights reserved.

Fehvkv SUMMARY OUTPUT fedededede

Input filename: C:\Program Files (x86)\VH Suite 3.0\VvO2\voin.dat

output filename:
C:\Users\aspencer\AppData\Local\CEG\VO3\61fe3ac0-5a97-4fee-8ce5-102abfc61lce9\89%9ab698
9-6743-425d-9528-de4185505a6¢c\scenar

summary f1ilename
C:\Users\aspencer\AppData\Local\CEG\V0O3\61fe3ac0-5a97-4fee-8ce5-102abfc61ce9\89ab698
9-6743-425d-9528-de4185505a6¢c\scenar

DATE: 04/14/2016 TIME: 11:51:24

USER:

COMMENTS:

nnnnnnnnnnnnnnnnnnnnnnnn

*% SIMULATION NUMBER: 2 %

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

W/E COMMAND HYD ID DT AREA ' Qpeak Tpeak R.V. R.C. Qbase
min ha ' cms hrs mm cms

START @ 0.00 hrs

READ STORM 15.0

[ Ptot= 26.65 mm ]

fname :
C:\Users\aspencer\AppData\Local\Temp\Ocd4e4a3-d7af-4796-97c4-9a203698774\06c6044e-d
14b-4345-bb5a-32

remark: Event 8 Storm Event

*% CALIB NASHYD 0218 1 5.0 1089.96 0.12 8.25 1.30 0.05 0.000
[CN=48.6 ]
[ N=1.1:Tp 1.90]
CHANNEL[ 2: 0218] 0101 1 5.0 1089.96 0.11 11.25 1.39 n/a 0.000
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5/20/2016

Project MDP Midhurst
CROZIER Project No. 845-3675
Date January 14, 2016
&ASSOCIATES e con

Consulting Engineers Revised April 14, 2016
Revised By A Spencer

D-12: Base
Parameters
Catchment Area No. Parameters Base Values Calibrated Values

Total Area A ha 3582 3582
Composite Runoff Coefficient C 0.1 01

1 Curve No CN 521 59.9
Composite Initial Abstraction 1A mm 99 6.9
Time fo Peak 1 hr 33 2.0
N Value N 3.0 1.07
Total Area A ha 4343 4343
Composite Runoff Coefficient C 0.2 0.2

2 Curve No CN 467 537
Composite Initial Abstraction IA mm 91 64
Time to Peak P hr 17 1.0
N Value N 30 107
Total Area A ha 236.3 2363
Composite Runoff Coefficient c 0.2 0.2

3 Curve No CN 52.5 60.4
Composite Initial Abstraction IA mm 8.4 5.9
Time fo Peak P hr 1.3 08
N Value N 3.0 107
Total Area A ha 489.5 4895
Composite Runoff Coefficient C 02 02

a Curve No. CN 56.9 654
Composite Inifial Abstraction IA mm 8.2 58
Time fo Peak P hr 17 10
N Value N 3.0 107
Total Area A ha 2481 248.1
Composite Runoff Coefficient C 01 01

5 Curve No CN 48.4 557
Composite Inifial Abstraction IA mm 9.4 6.6
Time fo Peak P hr 13 08
N Value N 30 107
Total Area A ha 878 87.8
Composite Runoff Coefficient o 0.1 0.1

6 Curve No CN 332 38.2
Composite Initial Abstraction 1A mm 10.0 7.0
Time to Peak TP hr 0.5 0.3
N Value N 30 1.07

J:\BOO\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix
D\2016.02.23 Calibration Final



5/20/2016

Project MDP Midhurst
CROZIER Project No. 845-3675
Date January 14, 2016
&ASSOCIATES By A Spencer/C Wilson

Consulting Engineers Revised April 14, 2016
Revised By A Spencer

D-12: Base Parameters:

Catchment Area No. drolo ic Parameters

Parameters Base Values Calibrated Values
Total Area A ha 1379 137.9
Composite Runoff Coefficient C 01 01
7 Curve No CN 355 408
Composite Initial Abstraction IA mm 102 71
Time to Peak ™ hr 10 06
N Value N 30 107
Total Area A ha 998.0 998.0
Composite Runoff Coefficient C 02 02
8 Curve No CN 449 516
Composite Initial Abstraction 1A mm 90 6.3
Time to Peak P hr 1.2 07
N Value N 3.0 107
Total Area A ha 5135 5135
Composite Runoff Coefficient C 01 01
9 Curve No CN 46.6 53.6
Composite Initial Abstraction IA mm 97 68
Time fo Peak P hr 1.2 07
N Value N 30 1.07
Total Area A ha 4229 4229
Composite Runoff Coefficient c 02 0.2
10 Curve No. CN 55.0 633
Composite Initial Abstraction IA mm 92 64
Time to Peak TP hr 21 1.3
N Value N 30 1.07
Total Area A ha 372 3712
Composite Runoff Coefficient C 01 01
n Curve No. CN 47.4 545
Composite Initial Abstraction 1A mm 9.5 6.7
Time to Peak TP hr 13 08
N Value N 3.0 1.07
Total Area A ha 61.7 6n7
Composite Runoff Coefficient c 02 02
12 Curve No CN 37.3 429
Composite Initial Abstraction A mm 9.1 6.4
Time to Peak P hr 16 0.9
N Value N 30 107

1:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix
D\2016.02.23 Calibration Final



5/20/2016

Project MDP Midhurst
CROZIER Project No. 845-3675
Date January 14, 2016
&ASSOCIATES By A. Spencer/C Wilson

Consulting Engineers Revised April 14, 2016
Revised By A Spencer
D-12: Base Parameters: CALIB NASHYD

drolo iic Parameters

Catchment Area No. Parameters Base Values Calibrated Values
Total Area A ha 792.0 7920
Composite Runoff Coefficient c 0.2 02
13 Curve No CN 40.7 46.8
Composite Initial Abstraction 1A mm 87 6.1
Time fo Peak P hr 1.9 12
N Value N 30 1.07
Total Area A ha 395.5 395.5
Composite Runoff Coefficient C 0.1 01
14 Curve No CN 516 593
Composite Initial Abstraction IA mm 8.9 62
Time fo Peak P hr 24 14
N Value N 3.0 107
Total Area A ha 6793 679.3
Composite Runoff Coefficient C 01 01
15 Curve No CN 508 58 4
Composite Initial Abstraction 1A mm 8.8 6.1
Time to Peak TP hr 1.8 11
N Value N 30 107
Total Area A ha 646.1 646.1
Composite Runoff Coefficient c 0.2 02
16 Curve No. CN 527 60 6
Composite Initial Abstraction 1A mm 88 6.1
Time to Peak P hr 22 13
N Value N 3.0 107
Total Area A ha 7245 7245
Composite Runoff Coefficient c 0.2 02
17 Curve No. CN 45.6 52.4
Composite Initial Abstraction 1A mm 89 6.2
Time to Peak P hr 1.9 11
N Value N 3.0 107
Total Area A ha 1090.0 1090.0
Composite Runoff Coefficient C 01 01
18 Curve No. CN 423 48 6
Composite Initial Abstraction 1A mm 9.5 6.6
Time fo Peak P hr 32 19
N Value N 3.0 1.07

J:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix
D\2016.02.23 Calibration Final



5/20/2016

CROZIER
&ASSOCIATES

Consulting Engineers

Table D-13: Statistical Comparison of Actual and Simulated Data (Location 3)
Calibration and Validation

Project Midhurs!i MDP
Project No. 845-3675
Date February 24, 2016
Name A. Spencer
Date Revised March 23, 2016

I Base Model Calibrated Model
Event 3 (Calibration, Large) | Event 4 (Calibration, Small) Event 3 {Calibration, Large) | Event 4 (Calibration, Smaill) Event 5 (Validation, Large) Event 8 (Validation, Small)

Curve No. CN - - Average 15% 15% 15% 15%

Composite Inifial Abstraction 1A - -30% -30% Average -30% -30% Average

Time to Peak TP - - -40% -40% -40% -40%

N Value N 3 3 1.07 1.07 1.07 1.07
Nash-Sutcliffe Efficiency -0.40 -0.65 -0.52 0.91 0.96 0.94 0.80 0.91 0.86
Mean Square Error 0.85 1.08 0.96 0.05 0.01 0.03 0.16 0.03 0.10
Difference in Time to Peak (mins) 160.00 110.00 135.00 10.00 70.00 40.00 75.00 80.00 77.50
Qpeak Modelled/Qpeak Actual 174 1.86 1.80 0.96 1.05 1.01 1.32 0.74 1.03
Runoff Volume Modelled (m°) 3112.04 1709.40 2410.72 4907.45 2914.31 3910.88 7743.34 2724.7 5234.03
Runoff Volume Actual (m®) 5772.90 2368.76 4070.83 5772.88 2368.76 4070.82 7225.80 2732.58 4979.19
Runoff Volume Modelled/Runoff Volume Actual 0.54 072 0.63 0.85 123 1.04 1.07 1.00 1.03

J:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix D\2016.02.23 Validation Final
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D-14: Event 3 (C, L) Location 2 Actual and Simulated Direct Runoff
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D-15: Event 4 (C, S) Location 2 Actual and Simulated Direct Runoff
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D-16: Event 5 (V, L) Location 2 Actual and Simulated Direct Runoff
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D-17: Event 8 (V, S) Location 2 Actual and Simulated Direct Runoff
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5/20/2016

CROZIER
&ASSOCIATES

Consulting Engineers

Table D-18: Statistical Comparison of Actual and Simulated (Location 2)
Calibration and Validation

Date Revised April 7, 2016

Project Midhurst MDP
Project No. 845-3675
Date January 14, 2016
Name A. Spencer

B ramelirs Base Model Calibrated Model
Event 3 (Calibration, Large) | Event 4 (Calibration, Small) Event 3 (Calibration, Large) | Event 4 (Calibration, Small) | *Event 5 (Validation, Large) | Event 8 (Validation, Small)

Curve No. CN - - 15% 15% 15% 15%

Composite Initial Abstraction 1A - - Average -30% -30% -30% -30% Average

Time to Peak ™ - - -40% -40% -40% -40%

N Value N 3 3 1.07 1.07 1.07 1.07
Nash-Sutcliffe Efficiency -0.99 -1.39 -1.19 0.70 0.7 -6.42 0.56 -1.25
Mean Square Error 0.04 0.04 0.04 0.00 0.01 0.06 0.01 0.02
Difference in Time to Peak (mins) 45.00 15.00 30.00 30.00 75.00 175.00 70.00 87.50
Qpeak Simulated/Qpeak Actual 2.49 1.95 2.22 1.09 0.87 2.70 0.89 1.39
Runoff Volume Simulated (ma) 337 184 260.68 522 308 830 288 487.06
Runoff Volume Actual (ms) 318 150 233.65 318 150 255 181 225.98
Runoff Volume Simulated/Runoff Volume Actual 1.06 1.23 115 1.64 2.06 3.25 1.59 214

* Note: Results of Event 5 appear fo be incongruent with findings of all ofher events. [t is assumed that some localized source of error was present during Event 5 af Location 2.

1:\800\845 - Midhurst Rose Alliance Inc\3675 - Midhurst Heights Development\Memos\MDP Technical Memo\SENT\Appendix Material\Appendix D\2016.03.29 Location 2



Midhurst Heights Development
Midhurst Rose Alliance Inc.

Stage Two of Matheson Creek MDP
May 20, 2016

Figures

Figure 1:

Figure 2:
Figure 3:
Figure 4:

Figure 5:

Site Location and Watershed Context Plan

Matheson Creek Watershed and Monitoring Locations Plan
Watershed Centroid and Rain Gauge Locations
Pre-Development Watershed Characteristics Plan

Soil and Land Use

C.F. Crozier & Associates Inc.
Project No. 845-3675
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Geomorphic Development Setback Analysis
Willow Creek Tributary
Carson Rd. Geranium Properties
Township of Springwater

Development setback analysis has been done based on geomorphic screening
of meander belt criteria and determination of the 100yr erosion limits in two study
areas for three reaches of a Willow Creek Tributary that traverses north westerly
from Anne St. N. to Carson Rd. W. to Wilson Dr. in the‘Township of Springwater.

The study area locations are shown in Figure 1.

Figure 1: Study Area (N A, not to scale)
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Geomorphic Development Setback Analysis Willow Creek Tributary, Springwater

Willow Creek Tributary Characterization

The Willow Creek Tributary is transitional from a 1% order to 2™ order
watercourse with upstream drainage area increments of 1.40km? to Anne St. N.
for the easterly 1% order feature, 1.80km? for the westerly 1% order feature,
5.47km? to Carson Rd. W. for the 2™ order branch, and 6.83km? to Wilson Dr. at
the downstream study limit of the 2" order branch. Two-additional short local
drainage features are confluent in the lower study area. The small westerly
feature represents drainage from a small wet meadow area (possibly a former
beaver pond/meadow) and the easterly feature is characterized by local farm
field drainage contribution. The 1% and 2"%order features are officially identified
on 1:10,000 Provincial OBM mapping and 1:50,000 Federal NTS mapping. The
local drainage features as described above are not seen on mapping and would
therefore be deemed not to represent primary drainage functions. The main
branch 2" order tributary is confluent downstream of the study area with the
main branch of Willow Creek, which is confluent with the Nottawasaga River.

Figures 2 and 3, appended, show the detailed drainage network.

The study area is mainly within the Simcoe Uplands physiographic region, with
the downstream. area near Wilson Dr. faling to the Simcoe Lowlands
physiographic region.. Topography is characterized as a deeply rolling till plain
with the tributary falling from a shallow U-shaped valley at Anne St. N. to a
relatively deep glacial moraine valley at Carson Rd. and a valley transition to the
elevation of Willow Creek near Wilson Dr. At its deepest point near Carson Rd.
the valley is 15-20m deep. The valley slopes are variable from well defined to

convex, with gentle to steep gradients and width varying from 50m to over 300m.

The valley floor flood plain varies from agricultural row crop and pasture at Anne
St. N. to well vegetated lowland forest and transitional upland forest conditions.
Forest cover upstream of Carson Rd. includes a mix of swamp wetland, scrub

forest, and coniferous-deciduous forest. Vegetative cover above Wilson Dr. has
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Geomorphic Development Setback Analysis Willow Creek Tributary, Springwater

scrub forest definition with openings in the canopy resulting in thicker herbaceous
groundcover. Each study section would be considered to be contiguous channel

reaches based on relatively consistent local vegetative conditions.

The tributary branches are ephemeral to intermittent in the south study area
while the main ranch appears to gain permanent base flow in the forest upstream
of Carson Rd. Channel width varies from about 3-5m in the.two 1% order features
to 8m in the northerly 2" order study reach. Low flow definition varies from ill-
defined ephemeral/intermittent at the upstream limits of the 1% order southerly
features, up to about 3m wide, at the downstream limits of the northerly study
reach. The tributary flows over deposits of the parent geology with variable low
flow bed forms from ill-defined swale, in‘the south, to.occasional pools and riffles
and eventually steps of coarser gravel to cobble material, in the northerly reach.
There are areas of wetland diffusion, and influence from apparent beaver activity
in the intervening forest area between the two study areas. Channel sinuosity is
relatively low while the reach average slope is. approximately 1%. Channel
stability varies from moderate to relatively high due to changes in biotechnical
reinforcement and channel bed materials. Some erosion scars are evident on
outside banks, in the mid to lower reach. As expected, the channel tributaries are
very stable near the upstream end were flows are ephemeral to intermittent and
groundcover vegetation density is high. Stability is moderate to high in the
shaded forest area between the two study sections. Near the downstream study
limits the tributary emerges from forest cover into denser groundcover and shrub

thicket cover and stability is very high.

Historical Channel Comparison

Digital overlay of scanned 1976 grayscale contact print air photo coverage was
done with 2002 digital colour image coverage for each of the study areas. This

process has a certain margin of error attributable to any original photo distortion

and enlargement distortion. In this case, fixed road crossing reference points
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were used as match points and reasonable accuracy was achieved with regard
to photo orientation and scale. A digital centre line trace was made of each
channel pattern followed by enlargement to be approximately equal to the low
flow channel width. Figures 2 and 3, as appended, show the results of this

process, for the respective study areas.

The southerly study area shows virtually identical - channel plan form
comparisons. There is no identifiable development of a compound meander
pattern in either time step and there is no distinctly different land use that would
affect the channel. Relatively straight sections.of each 1% order drainage feature

suggest that possible past alteration has occurred.

The comparative channel plots for the northern study area are generally
coincident over much of the reach. There are a few points of notable meander
evolution seen in the 2002 plot. These locations appear to be natural responses
in the tributary as opposed to influences from beaver activity, or adverse changes
in upstream flow regime. The comparative plots show what might be man-made
straightening in the section just above Wilson Dr. as the tributary wraps around
existing farm buildings. There is a significant increase in riparian shrub and tree
growth over the documented time span. The 1976 photo suggests that the flood
plain‘was likely in continuous pasture with land to the west, while the 2002 photo
shows a distinct field break outside the riparian zone. The riparian zone appears

to have been allowed to naturalize in more recent years.

Meander Belt Analysis

The meander belt limits of the watercourse are defined by the largest meander
footprint of the compound meander pattern based on historical comparison to
current conditions. In a confined valley the meander belt is often the same as the
coincident toe of valley slope and lateral limit of the valley floor. In this study case

the meander belt limits are easily demarcated from historical air photos. Based

Aqual.ogic 4



Geomorphic Development Setback Analysis Willow Creek Tributary, Springwater

on the historical channel comparison seen in the northerly study area the
maximum meander belt limits are identified as 34m. As noted previously, there is
no identifiable consistent compound meander pattern seen in the features in the
southern study area. A short section of the westerly 1% order feature appears to
display some measure of amplitude. In addition, the distinct demarcation
between actively farmed fields and the natural buffer left on the easterly 1% order
feature is suggestive of a possible amplitude/belt width. The belt limits of these
sections would be estimated as 15m and would be deemed to apply to both
features based on broadly similar land use, drainage area, and vegetative
conditions. Immediately below the confluence of the 1% order features the
meander belt would be defined as approximately 25m in the southerly end of

forested valley conditions.

The study location reaches arecharacterized by distinct but low gradient slopes
on each side of the tributary. The tributary would be technically classified as
confined based on the tableland top of slope being confirmed to be greater than
2m above the tributary elevation. Application of Provincial Technical Guidelines
identifies that a® watercourse confined within a valley does not require that
meander belt limits be used to define development setbacks as a constraint limit
transferred to tableland (OMNR 2003). In the case of a confined valley, the
geomorphic development limits are based on the 100yr erosion limits determined
by historical analysis or by application of criteria noted in the guidelines. Stable
slope limits determined by geotechnical analysis are then added to the erosion

limits.

100yr Erosion Limits Analysis

Erosion limits analysis is undertaken based on either measurement of lateral
meander migration over the air photo record, with translation to the 100yr

planning horizon, or through application of Provincial technical guidelines when

reliable historical measurements cannot be made. Significant channel plan form
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movement can be caused by factors such as major changes in hydrology and
sediment load, or other upstream alterations. Rapid or catastrophic changes can
cause channel avulsion and related slope failure in relatively short periods of
time. Past and current conditions in the upstream watershed appear relatively
similar and there is no direct evidence to conclude that one or more major

changes have resulted in highly adverse channel migration in either study area.

The southerly study area has been noted to display distinctly similar channel plan
form alignments in each of the historical air photos. Based on the historical
channel comparison it appears unrealistic to attempt measurement of consistent
recession rates over the entire study area‘and translate these to the 100 year
planning horizon. In lieu of direct historical measurement, Provincial. Technical

Guidelines for 100 year erosion limits can be used as a reasonable criterion.

Table 1 presents the applicable guidelines used for identification of the erosion

setback allowance.

Based on soil conditions and characterization of defined stable features it is
recommended that the 100 year erosion limits be based on ‘no evidence of active
erosion’.. The study site would be conservatively characterized as having
cohesionless soils, reflected as the fourth guideline category. Active channel
widths have been noted to be up to 5m wide therefore the second column criteria
would result in a setback equivalent of 5m. It is recommended to apply the
setback as a curvilinear line from the respective channel limits on each side of
the 1% order tributary features and for the short section of the 2™ order main

tributary contained within the southerly study area.
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Willow Creek Tributary, Springwater

Table 1: 100yr Erosion Setbacks (OMNR 2003)

Range of Suggested Toe Erosion Allowances

Evidence of Active Erosion or
Bankfull Flow Velocity >
Competent Flow Velocity

No Evidence of Active Erosion or
Bankfull Flow Velocity <
Competent Flow Velocity

Bankfull Width

Native Soil Structure <5m 5-30m >30m
Hard Rock (granite) 0-2m om om 1m
Soft Rock (shale, limestone), )

Cobbles, Boulders 2-5m om m 2m
StifffHard Cohesive Soil (clays,

clay silt), Coarse Granular 5-8m 1m 2m 4m
(gravels), Till

Soft/Firm Cohesive Soil, Loose

Granular (sand, silt), Fill 8-15m 1-2m Sm m

i) Where a combination of different native soil structures occurs, the greater or largest range of applicable to erosion
allowances for the materials found at the site should

be applied

ii) Active Erosion is defined as: bank material is exposed directly to stream flow under normal or flood flow conditions
where undercutting, over-steepening, slumping of a bank or down stream sediment loading is occurring. An area may
have erosion but there may not be evidence of 'active erosion' either as a result of well rooted vegetation or as a
result of a condition of net sediment deposition. The area may still suffer erosion at some point in the future as a

result of shifting of the channel

iii) Competent Flow Velocity is the flow velocity that the bed material in the stream can support without resulting in

erosion or scour

Direct measurement of historical erosion limits was possible for the northerly

study reach based on layered plan form alignments. Meander recession was

measured in ten locations using demarcation to the nearest metre, reflecting the

obtainable accuracy of the enlarged scale air photos. The 100 year erosion limits

were determined by the equation:

(¥n1:n10) / n / (2002-1976) X 100

The resultant 100 year recession rate is 0.112 m yr' and the 100 year erosion

limits therefore equal 11.2m. It is recommended to apply the setback as a

curvilinear line from the outside apex of all meanders that encroach towards the

valley slope toe.
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The geotechnical stable slope line should be projected from locations where the
erosion limits are greater than the valley toe to determine if the greater of the
combined technical hazard or the staked top of valley slope is used as a

development limit constraint.

In support of the recommended erosion allowance setbacks, it is by default also
recommended that no removal of vegetation should occur.along valley walls and
channel margins and that no concentrated stormwater, roof leader, or foundation
collector flows should be directed to the tributary over the valley slope, without

mitigation.

Summary

Development setback analysis has been done based on geomorphic screening
of meander belt criteria and determination_of the 100yr erosion limits for two
study areas of a Willow Creek Tributary in the Township of Springwater. Meander
belt criteria do not explicitly apply in the identified confined valley type and the
resultant geomorphic based setback was determined based on the 100 year
erosion limits. The 100 year erosion limits were determined to be equal to 5m for
each of the southerly 1% order tributaries and equal to 11.2m for the northerly 2™

order main branch tributary.

Prepared by,

Bill de Geus, B.Sc., CET, CPESC, CCEP
AquaLogic Consulting
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ATTACHMENT B

FIGURE 6.1 - LIMIT OF DEVELOPMENT - CARSON
COMMUNITY WITH SECTION LOCATIONS
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EROSION HAZARD ASSESSMENT CROSS SECTIONS
















Appendix J

Water Balance
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ATTACHMENT A

INFILTRATION CALCULATIONS




Sizing of Soakaways, Infiltration Midhurst Master Drainage Plan

Trenches and Chambers Project Number: 1168/1194
Date: June 2014

Designer: JMP

Step 1 - Determine In-Situ Infiltration Rates (i)
Per Tables 1 & 2 in the Hydraulic Conductivity Estimates Memo (Golder, June 3,

2014) the average Hydraulic Conductivity for both the Carson Road and Doran Road
sites is approximately 10-5.

Using Table C1 from the CVC/TRCA LID SWM Manual, an approximate Infiltration
Rate for a Hydraulic Conductivity of 10-5 is 30 mm/hr.

Step 2 - Determine Drawdown Time (ty)

Per the CVC/TRCA LID SWM Manual (pg. 4-61) the maximum acceptable length of
drawdown time is 72 hours

Step 3 - Factor of Safety (Fs)
Per the CVC/TRCA LID SWM Manual a safety factor of 2.5 has been applied.

Step 4 - Max Depth of Stone Trenches (all LIDs proposed have below grade
stone based storage)

drmax =i* tS/Vr/Fs

Fs= 2.5
i= 30 mm/hr
t= 48 hr
Vr= 04 (Void ration, assuming 50 mm clearstone)
dr max = 144 m

Therefore the maximum depth of 1.44 m is acheivable. To be conservative, we have
assumed a depth of 1.0 m for all infiltration measures.
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Private Property LIDs

Midhurst Master Drainage Plan
Project Number:1168/1194
Date: June 2014

Designer: JMP.

Average IA for Single Detached Lots without RLCB's

Assumptions:

- all runoff from roof to soakaway pits for 25mm event
- excess topsoil in landscape areas, IA for lawns increased from 5 to 7, accounting for 20-40% reduction in runoff per

STEP document titled, evaluation of residential lot level stormwater management practices
(http://dev.sustainabletechnologies.ca/wp/wp-content/uploads/2013/09/Residential-Lot-Level-SWM-practices_FINAL-2013.pdf)

Average | Infiltration
Land Use Area Capacity
(%) (mm)
Roof 46% 25
Driveway 8% 0
Landscape 46% 7
Total 100% 14.8

Average IA for Single Detached Lots with RLCB's

Assumptions:

- all runoff from roof to soakaway pits for 25mm event
- excess topsoil in landscape areas, IA for lawns increased from 5 to 7, accounting for 20-40% reduction in runoff per

STEP document titled, evaluation of residential lot level stormwater management practices
(http://dev.sustainabletechnologies.ca/wp/wp-content/uploads/2013/09/Residential-Lot-Level-SWM-practices_FINAL-2013.pdf)
- all runoff from area directed to RLCB to be infiltrated from 25mm event (*fassume 50% landscape area)

Average | Infiltration
Land Use Area Capacity
(%) (mm)
Roof 46% 25
Driveway 8% 0
Landscape 46% 16
Total 100% 18.9

Mixed Use/School Blocks

* = (7%0.5 + 25%0.5)
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Public Property LID's

Midhurst Master Drainage Plan
Project Number:1168/1194
Date: June 2014

Designer: JMP

Average IA for Township ROW (proposed previously by SCS)

. Average | Infiltration
Land Use V\(/:g;h Area Capacity
(%) (mm)
Asphalt & Curb 9 45% 0
Sidewalk 3 15% 0
Landscape 8 40% 5
Total 20 100% 2.0

Average IA for Single Loaded Township ROW with Bioretention

Assumptions:

- all runoff from non-loaded side of road to be infiltrated for 25mm event

Width Average Infiltrati.on
Land Use (m) Area Capacity
(%) (mm)
Asphalt & Curb 9 45% 12.5
Sidewalk 3 15% 12.5
Landscape 8 40% 15
Total 20 100% 13.5

Average IA for Infiltration Galleries in Park Areas

- Maximum volume available = 50% park surface area * 1m * 0.4 stone voids
- Determine volume directed to park infiltration gallery in 25mm event
- Use lesser of two numbers

Averate |IA for Permanent Pool Drawdown
- Maximum volume available = 3.5m * 1.4m * 0.4 * NWL Perimeter

*Some ponds were assumed to have additional areas for infiltration
based on layout.
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North Pond IA

Midhurst Master Drainage Plan
Project Number:1168/1194

Date: June 2014
Designer: JMP

Total Weighted IA to North Pond without Public Property LIDs

Average S
Land Use Total Area| Infiltration Ir\l}‘lcl)tILarﬂc;n
(ha) Depth 3
(mm) (m”)
Single Detached 36.88 14.8 5455
Single Detached w RLCB 1.02 18.9 193
Townhomes 0 2.0 0
Mixed Use/School 0 15.0 0
Standard ROWs 19.16 2.0 383
Parks/Open Space* 6.33 8.0 506
SWM Ponds 3.65 4.0 146
TOTAL (w/o Public LIDs) 67.04 10.0 6684

*1A assumed based on extra topsoil depth and volume of plantings

Total Weighted IA to North Pond Including Public Property LIDs

Upstream | Jiiable | Available | roPosed
Land Use Drainage Infiltration
Runoff Storage
Area Volume
Block 819 28.1 4224 6200 4224
Block 341 10.2 1533 1140 1140
Pond Infiltration Gallery 67.04 4713 1340 1340
Total A I'A}\_ﬁratge Infiltration
Land Use otal Area| Intitralion | - y/o1yme
(ha) Depth 3
TOTAL (w all LIDs) 67.04 20.0 13387
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Midhurst Master Drainage Plan
Project Number:1168/1194
Date: June 2014

Designer: JMP

Carson Road North Pond IA

Total Weighted IA to North Pond without Public Property LIDs

Average

reies Infiltration
Land Use Total Area| Infiltration ViU

(ha) Depth 3

(mm) (m”)

Single Detached 21.08 14.8 3118
Single Detached w RLCB 0 18.9 0
Townhomes 0 2.0 0
Mixed Use/School 4.48 20.0 896
Standard ROWs 5.59 2.0 112
Parks/Open Space* 1.5 8.0 120
SWM Ponds 1.17 4.0 47

TOTAL (w/o Public LIDs) 33.82 12.7 4293

*1A assumed based on extra topsoil depth and volume of plantings

Total Weighted IA to North Pond Including Public Property LIDs

Upstream | ilable | Available | FroPosed
Land Use Drainage Infiltration
Runoff Storage
Area Volume
Block 819 19.5 2400 540 540
Pond Infiltration Gallery 33.82 3622 1500 1500
Average S
N Infiltration
Land Use Total Area| Infiltration ViU
(ha) Depth 3
(mm) (m”)
TOTAL (w all LIDs) 33.82 18.7 6333
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Midhurst Master Drainage Plan
Project Number:1168/1194
Date: June 2014

Designer: JMP

Carson Road South Pond IA

Total Weighted IA to Carson Road South Pond without Public Property LIDs

Average

Land Use Total Area| Infiltration Ir\l}‘gtlzjar::zn
(ha) Depth 3
(mm) (m°)
Single Detached 19.87 14.8 2939
Single Detached w RLCB 5.03 18.9 950
Townhomes 5.09 2.0 102
Mixed Use/School 3.17 20.0 634
Standard ROWs 16.95 2.0 339
Parks/Open Space* 9.68 8.0 774
SWM Ponds 2.11 4.0 84
TOTAL (w/o Public LIDs) 61.9 9.4 5823

*]A assumed based on extra topsoil depth and natural cover

Total Weighted IA to Carson Road South Pond Including Public Property LIDs

Upstream |, iiable | Available | roPOsed
Land Use Drainage Infiltration
Runoff Storage
Area Volume
Block 331 6.2 967 960 960
Block 536 10.2 1590 1920 1590
Block 535 59.3 9246 2920 2920
Pond Infiltration Gallery 61.9 4181 1250 1250
Average TP
N Infiltration
Land Use Total Area| Infiltration Ve
(ha) Depth 3
(mm) (m?)
TOTAL (w all LIDs) 61.9 20.3 12544
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Midhurst Master Drainage Plan
Project Number:1168/1194
Date: June 2014

Designer: JMP

South Pond IA

Total Weighted IA to South Pond without Public Property LIDs

Average S
Land Use Total Area| Infiltration Ir\l}‘lcl)tILarﬂc;n

(ha) Depth 3

(mm) (m”)

Single Detached 7.43 14.8 1099
Single Detached w RLCB 2.85 18.9 539
Townhomes 0 2.0 0
Mixed Use/School 0 20.0 0
Standard ROWs 4.73 2.0 95
Parks/Open Space* 1.46 8.0 117
SWM Ponds 1.18 4.0 47

TOTAL (w/o Public LIDs) 17.65 10.7 1896

*|A assumed based on extra topsoil depth and volume of plantings

Total Weighted IA to South Pond Including Public Property LIDs

Upstream | ilable | Available | FroPosed
Land Use Drainage Infiltration
Runoff Storage
Area Volume
Block 819 9.75 1390 2000 1390
Pond Infiltration Gallery 17.65 1126 500 500
Average S
N Infiltration
Land Use Total Area| Infiltration ViU
(ha) Depth 3
(mm) (m”)
TOTAL (w all LIDs) 17.65 21.5 3786
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OWNER'S AUTHORIZATION

s

EXISTING ©

| hereby authorize Malone Given Parsons Ltd. to prepare

L | Nl | and submit this Draft Plan of Subdivision to the County
N ’ - ’/ r/: BLK sssI \ \ ~ /) \ .
~_ BLOCK 537 \ §~ FUTUREROAD o
/| PARK S SEE ORIGINAL
ol . 100 ha ~_ —BLK 553
\ g N FUTUREDEV. 1757690 Ontario Inc. Date
) . \ . BLK 554
\ FUTUREDEV. — —
—= SEE ORIGINAL
BLK 555
B FUTURE DEV. 1757689 Ontario Inc. Date
—\

SURVEYOR'S CERTIFICATE

| hereby certify that the boundaries of the lands to be
subdivided as shown on this Plan and their relationship
to the adjacent lands are accurately and correctly shown.

 APPLICANT
23.9 ha (59.2 ac)

\ |

\

SEE ORIGINAL

Paul Edward Date
Ontario Land Surveyor
RPE Surveying Ltd.

. ”"“1‘32955,10‘“\,"V ”158”25V AT ﬁ,,‘,‘,‘“,V‘.,,,‘.,W‘.,W\,Y U T ‘,,‘,T,",y

ADDITIONAL INFORMATION

‘ AS REQUIRED UNDER SECTION 51(17) OF THE
PLANNING ACT, CHAPTER P.13(R.S.0. 1990).
(a),(e),(),(9),(j),(I) - As shown on the Draft Plan.
(b),(c) - As shown on the Draft and Key Plan.

(d) - Land to be used in accordance with the Schedule
of Land Use.

(i) - Sandy loam.

(h),(k) - Full services and water supply to be provided.

Prepared by:

| GiTemplatesi06-MGP LogosiTwo Line MGP LagolTwo Line MGP LogaGP Logo - Gisha g

\ 140 Renfrew Drive, Suite 201
| \ Markham, Ontario, L3R 6B3

Tel: (905) 513-0170
www.mgp.ca

LIMIT BETWEEN

LOTS 17 AND

18, CO

G:\2012\12-2139 Geranium Midhurst\Graphics\JPEGs\MBTW_WAI_COLOUR.png

| \\ | Date: December 23, 2009
| | | . . !
| Scale. 1 2000 Project No.: 12-2139

|

Date Revision Rev.#

|
‘ ‘ April 8, 2014 | Revised as per Township and agency comments 1
: ‘ May 14, 2014 | Revised as per Township and agency comments 2

010\ 25 50\ 75m

?



jpriamo
Polygonal Line

jpriamo
Line

jpriamo
Line

jpriamo
Text Box
To South Pond

jpriamo
Text Box
To Carson Road South Pond
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| 81.31 Je 8 /e 250
R & STREET C 3 : STREET D N72:5,,
w v S S) ; 25"E 20
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I — I~ o N = AN
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o L - _ |— 10.00 50° 50 Blocks 329 Environmental Protection Area 12.83
( f ) . N Blocks 330 Open Space 1.59
8 STREET A 8 Block 331 Park 0.48
o 00 Blocks 332-333 | Walkways 0.03
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C §lclc|lclc|c|c BLOCK 329 Lanes 1-4 10.0m Lane 681m
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t : | o:
12.83 ha = OWNER'S AUTHORIZATION
LN
S | hereby authorize Malone Given Parsons Ltd. to prepare
o Bls a and submit this Draft Plan of Subdivision to the County
% @ k38 of Simcoe.
© SERVICING BLOCK
= SEE ORIGINAL
o 1757699 Ontario Inc. Date
®
(o))
N
AN
< SURVEYOR'S CERTIFICATE
‘ BLOCK 333 6 | hereby certify that the boundaries of the lands to be
' v subdivided as shown on this Plan and their relationship
BLK. 320 > .
s LWTH BLK. 327 ’ WALKWAY 6 $ to the adjacent lands are accurately and correctly shown.
S 7units LWTH & 0.02 ha '\
7 units & O SEE ORIGINAL
\ Paul Edward Date
3433 « Ontario Land Surveyor
33.22 S 233 B O % R-PE Surveying Ltd.
w BLK.321 |~ (: : A %
g e | s S 2 | B a0 & o w < ADDITIONAL INFORMATION
6 units <ZE B 8 - sﬂ 2 L AS REQUIRED UNDER SECTION 51(17) OF THE
1 _ 8 231 B | B 241 I & IﬁIiJ : O PLANNING ACT, CHAPTER P.13(R.S.0. 1990).
) — " © — o — $ (@),(e),(®),(9).(j),(1) - As shown on the Draft Plan.
h : g OLI322 BLK. 325 LU jﬂim/‘” Lt R n I (b),(c) - As shown on the Draft and Key Plan.
S LWTH (,, L ° L (NN ) ;
8 6 units LWTH g 2 299 C C 243 3 o o (d) - Land to be used in accordance with the Schedule
. S m 3 32.00 |-_ 2 175
s 6 units = ’o/’m/_@ 5 i - C of Land Use.
33.22 /) 5 28 C | C & I&J (i) - Sandy loam and loamy sand.
“ B 2B B | B B| Bsg B — & 176 (h),(k) - Full services and water supply to be provided.
« BLK. 323 BLK. 324 , B B|B|B S C BB Bk N 30.00
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6 units wl  6units © 20.00 20.00 20.00 Prepared by:
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k / 3 5N /¢ N ' _ /¢ /: 2 177
3 STREET B 140 Renfrew Drive, Suite 201
3 | Markham, Ontario, L3R 6B3
9.98
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Date: December 23, 2009
EXISTING RURAL Scale: 1:1250Jerojecto: 122139
Date Revision Rev.#
April 8, 2014 | Revised as per Township and agency comments 1
May 14, 2014 | Revised as per Township and agency comments 2
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Russell Road Pond IA

Midhurst Master Drainage Plan

Project Number:1168/1194
Date: June 2014
Designer: JMP

Total Weighted IA to North Pond without Public Property LIDs

A\_/erage Infiltration
Land Use Total Area| Infiltration Y —
(ha) Depth 3
(mm) (m~)
Single Detached 31.07 14.8 4596
Single Detached w RLCB 5.81 18.9 1098
Townhomes 9.52 2.0 190
Mixed Use/School 3.44 20.0 688
Standard ROWs 23.62 2.0 472
Parks/Open Space* 7.4 8.0 592
SWM Ponds 4.39 4.0 176
TOTAL (w/o Public LIDs) 85.25 9.2 7812

*IA assumed based on extra topsoil depth and volume of plantings

Total Weighted IA to North Pond Including Public Property LIDs

Total A IAf\_Ilfratge Infiltration
Land Use otal Area| Infiltration | "\, 1o
(ha) Depth (m®)
(mm)
Single !_oaded_ROW w 25 135 338
Bioretention
Upstream |, iiable | Available | roPOsed
Land Use Drainage RUNOFF Storage Infiltration
Area 9 Volume
Main Park Infiltraiton Gallery| 53.5 8472 3200 3200
Block 558 0.6 95 150 95
Future 1 1.9 301 360 301
Future 2 1.2 190 66 66
Future 3 4.6 728 1008 728
Future 4 0.8 127 232 127
Block 553 7.25 1053 1900 1053
Block 553A 4.25 673 1016 673
Block 553B 4.75 451 1100 451
Block 553C 6.5 963 1100 963
Block 555/556/557 66 2921 2980 2921
Pond Infiltration Gallery 85.25 2584 1300 1300
Total A IAf\.llfratge Infiltration
Land Use otal Area| Infiltration | /), 1o
(ha) Depth (m®)
(mm)
TOTAL (w all LIDs) 85.25 23.5 20028

P:\1212 Midhurst Growth Study\Sent\NVCA\2014 06(Jun) 03 - Modelling Packages\Infiltration Capacity\1212-Infiltraiton Rate and Depth-6jun14.xIsx
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1 Introduction

GEO Morphix Ltd. was retained by Midhurst Rose Alliance Inc. to complete baseline
geomorphological monitoring for Matheson Creek and its tributaries in the Town of Midhurst,
Ontario. Baseline geomorphological data collected through this program are in support of the
adaptive management plan associated with the Midhurst Rose Alliance Development and will
inform the Midhurst Master Drainage Plan.

Baseline monitoring data characterizes the range of natural geomorphic variability within selected
channels. It will also assist in identifying any changes to the hydrologic and sediment regime that
could be associated with the development activities. Monitoring data also provides an opportunity
to mitigate any impacts, should they be identified through an adaptive management approach.

An adaptive management monitoring approach was developed in the context of the proposed
alternative storm outlet that will direct larger flows to a tributary of Matheson Creek located along
Gill Road. The adaptive management plan is based on the BACI approach (Before-After-Control-
Impact). Before (pre-development) and After (post-development) sampling can be used to
determine how and if development changes the site through time from its historical condition.
Control (reference site) and Impact (site to potentially see changes) sampling allows the effects
of development to be discerned from natural variability and trends. The potentially impacted site
and reference sites are monitored with the same protocol (methods, frequency, and timing) to
allow for paired comparison of changes among the sites. This approach provides a mechanism to
adapt designs should future monitoring indicate the occurrence of unacceptable erosion impacts.

GEO Morphix Ltd. has developed a baseline monitoring program in order to characterize the
existing geomorphology within Matheson Creek and its tributaries downstream of the respective
development site. Sites were selected based on proximity to the proposed outlet and sensitive
reaches identified through the desktop assessment. Sites were also selected to provide coverage
across a range of geomorphologically distinct reaches, where in public or roadside access was
available. Our desktop examination of slope and geology suggested that road side and public
access could bring us within proximity of the most sensitive channels and provide a diverse
collection of observations.

This second year monitoring report outlines all geomorphological monitoring that has occurred to
date. This includes fluvial geomorphological monitoring, and more specifically, addresses potential
adjustment in channel geometry, rates of change with regards to channel adjustment, and
instream sediment characteristics. Erosion thresholds were determined as part of the first report
submitted August 22, 2016, titled Geomorpholgical Monitoring of Matheson Creek in support of
Adaptive Management for the Midhurst Rose Alliance Development, Midhurst, Ontario.

2 Background Review

The Midhurst Rose Alliance Development falls within the Nottawasaga River Watershed and the
Midhurst Secondary Plan area. Flows from these lands naturally drain into two small tributaries of
Matheson Creek.

Matheson Creek provides coldwater habitat for various fish species and substantial drainage to
the Nottawasaga River system. The upstream section of these tributaries lies within an area of
drumlin till plain and drains into a kame moraine and sand plain at the confluence of the main
stem of Matheson Creek.



The Midhurst Rose Alliance Development falls within a subcatchment that drains to several
tributaries of Matheson Creek. Proposed stormwater management plans show runoff from the
development area piped approximately two kilometers upstream of the current receiving
tributaries, to a new outlet at a larger tributary of Matheson Creek. The increase in flow volume
and peaks downstream of the proposed outlet, if unmitigated, could impact stream function and
exacerbate rates of erosion.

Reach delineation for Matheson Creek was completed through desktop analysis. Reach delineation
is a prerequisite of a geomorphological assessment. Reaches divide watercourses into
homogeneous channel segments having similar inputs, outputs and controls. Indicators for reach
breaks include:

Channel planform;

Channel gradient;

Physiography;

Land cover (land use or vegetation);

Flow, due to tributary inputs;

Soil type and surficial geology; and

Certain types of channel modifications by humans.

A reach map is provided in Appendix A. Only those reaches considered relevant to the proposed
SWM plan were further assessed in the field.

3 Geomorphological Monitoring

The geomorphological monitoring program was created to characterize baseline conditions within
the Matheson Creek subwatershed. The program follows an adaptive management approach
within the context of the proposed stormwater outlets. As such, data collected will assist in
identifying and mitigating any potential impacts to watercourses that may occur in relation to the
proposed development.

Monitoring sites were established in Fall 2014. These monitoring sites were reassessed twice
anually, in the Spring and Fall of 2015 and 2016. This report summarizes and compares all data
spanning 2014 to 2016.

3.1 Monumented Cross Sections

Monumented cross sections were established and reassessed at each instream monitoring
location. These locations include sites measured and characterized during prior detailed
assessments and additional sites selected to provide a more robust and spatially varied
characterization of the subwatersheds. A map of the monitoring locations is included in Appendix
A.

Site selection was based on the background review completed in 2014. These locations were
selected based on sensitivity of the watercourses, proximity to the proposed pond outlets and
development areas, and to represent a range of environmental conditions that exist within the
subcatchments. Property access was a contributing but not a limiting factor.

Monitoring sites were first established in the Fall of 2014. Site establishment included:

e Establishment and measurement of permanent monumented cross sections to assess
changes in channel and bankfull geometry over time;



e Establishment of erosion pins at each cross sections (one in each bank) to assess
erosion/deposition rates over time;

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

¢ Monumented photographs at each cross section location.

Monumented cross sections involved the installation of permanent bank pins at two cross sections
per monitoring location. Cross section location was chosen to monitor a variety of characteristic
geomorphic environments, where they were present (i.e., riffles, pools, runs). During each
monitoring event, cross sections were measured using a survey level from left to right bank pin
while facing downstream.

All collected monitoring data are presented in the following appendices: a photographic record
showing each cross section presented in Appendix B and a graphical representation of each
monumented cross section geometry presented in Appendix D.

Reach MTS1 cross sections were unable to be surveyed in both spring and fall 2016 due to beaver
dams causing flooding across the floodplain (photo 23 of Appendix B).

Reach MTS2-2 cross section upstream rebar had been removed due to the unchanging swale
feature and this cross section did not re-establish.

Cross sections at reaches MTS2, MTS2-2, MTS3, and MTS3-d had little changes in bed and bank
dimensions as observed in Appendix D. Fluctuations in bed dimensions were observed in cross
sections at reaches MTN2, MTN3/4, and MTN3-C. More notably in cross section 3 of reach MTN3/4.
The pool feature is infilling with sands.

3.1.1 Erosion Pins

Erosion pins were installed at each monitoring location in Fall of 2014. Two bank pins were
installed at each monumented cross section: one on the right bank and one on the left bank.

Each erosion pin was installed by hammering a rebar into the lower section of the bank. Bank pin
location was selected in areas of the bank that appeared sensitive to localized erosion or
deposition. Once installed, a typical exposure length of 0.20 m was left as a baseline for future
monitoring. Bank pins were measured again during each monitoring event.

Repeated measurements of erosion pins helps gauge baseline variability and note any changes in
erosion or deposition over time. Progressive change in erosion or deposition may be indicative of
localized geomorphic instability. In combination with other geomorphic measurements, this data
may be used to infer larger scale geomorphic processes.

A tabular summary of changes in bank pin exposure are presented in Appendix E.
3.1.2 Substrate

Bed material sampling was completed at each monumented cross section using a modified
Wolman (1954) pebble count technique, where applicable. For cross sections that contained fine
substrate, such as sand or silts, a bed sample was collected and sent for laboratory analysis.

Median grain size grain size (Dsp) as determined through pebble counts or sediment sample
analysis represents the size of sediment that is transported during bankfull (channel forming)
conditions. In terms of monitoring sediment data, a change in Dso over time may be indicative of



a change in localized flow conditions. In combination with other geomorphic parameters, this data
may be used to infer changes in channel processes and stability over time.

A tabular summary of sediment data is presented in Appendix F.

3.2 Detailed Geomorphological Assessments

Detailed assessments were completed in 2014 at a selection of sites throughout the study area.
Sites for the detailed assessments were selected in sensitive tributaries that were in proximity to
the proposed outlet and to the development area. The detailed field assessments provide bankfull
and bed slope, bank and bed sediment characteristics, cross sectional dimensions, and a visual
assessment of channel roughness factors. Detailed assessments included the following
observations:

e Longitudinal profile of the channel centre line;

e Eight (8) detailed cross sectional surveys across the watercourse;

¢ Two (2) monumented cross sections were installed and included erosion pins in both
banks.

e Detailed instream measurements at each cross section location including bankfull channel
geometry, riparian conditions, bank material, bank height/angle, and bank root density;

e Bed material sampling at each cross section following a modified Wolman’s (1954) Pebble
Count Technique or substrate sample; and

e Velocity, discharge and observations of active/inactive sediment transport at select
representative cross sections.

Locations at which detailed assessments took place are provided in Appendix A. The two
monumented cross sections installed at all detailed assessments were revisited and recorded with
the monumented cross sections.

Detailed assessment summaries are provided in Appendix C.

4 Summary and Conclusions

The Spring and Fall 2016 data show minor changes in channel conditions compared to those
observed in the Spring and Fall of 2015 and in Fall 2014. A few cross-sections exhibited changes
along the channel bed but minor changes within the banks. Erosion and deposition were generally
recorded in the range of a few centimetres at several erosion pin locations.

Overall, the reaches have remained reasonably stable over the period of baseline monitoring. The
slight variations documented are all within the natural variability of the system.

Further monitoring will be completed in Spring and Fall of 2017. Additional updates will be
provided upon completion of 2017 monitoring activities.

We trust this report meets your requirements. Should you have any questions, please do not
hesitate to contact the undersigned.

Respectfully submitted,



al——

Paul Villard Ph.D., P.Geo., CAN-CISEC Kat Woodrow, M.Sc.
Director, Principal Geomorphologist Environmental Scientist
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Photo

1
Nov 12, 2014: Reach MTN2, cross-section 1 at a riffle.
Photograph taken facing downstream.
Photo
2

Nov 5, 2015: Reach MTN2, cross-section 1 at a riffle.
Photograph taken facing downstream.
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Photo

3
Nov 16, 2016: Reach MTN2, cross-section 1 at a riffle.
Photograph taken facing downstream.
Photo
4

Nov 13, 2014: Reach MTNZ2, cross-section 2 at a pool.
Photograph taken facing upstream.
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Photo

5
Nov 5, 2015: Reach MTN2, cross-section 2 at a pool.
Photograph taken facing upstream.
Photo
6

Nov 16, 2016: Reach MTNZ2, cross-section 2 at a pool.
Photograph taken facing upstream.
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Photo

7
Nov 25, 2014: Reach MTN3, cross-section 2 at a run.
Photograph taken facing the left bank.
Photo
8

Nov 5, 2015: Reach MTN3, cross-section 2 at a run.
Photograph taken facing upstream.
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Photo

9
Nov 16, 2016: Reach MTN3, cross-section 2 at a run.
Photograph taken facing upstream.
Photo
10

Nov 5, 2015: Reach MTN3, cross-section 3 at a pool.
Photograph taken facing upstream.
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Photo

11
Nov 25, 2014: Reach MTN3, cross-section 3 at a pool.
Photograph taken facing the left bank.
Photo
12

Nov 16, 2016: Reach MTN3, cross-section 3 at a pool.
Photograph taken facing the left bank.
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Photo

13
Nov 14, 2014: Reach MTN3-c, cross-section 6 at a riffle.
Photograph taken facing downstream.
Photo
14

Nov 5, 2015: Reach MTN3-c, cross-section 6 at a riffle.
Photograph taken facing downstream.
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Photo

15
Nov 16, 2016: Reach MTN3-c, cross-section 6 at a riffle.
Photograph taken facing downstream.
Photo
16

Nov 14, 2014: Reach MTN3-c, cross-section 5 at a pool.
Photograph taken facing downstream.

Project #: 14026a

viii



Photo

17
Nov 5, 2015: Reach MTN3-c, cross-section 5 at a pool.
Photograph taken facing downstream.
Photo
18

Nov 16, 2016: Reach MTN3-c, cross-section 5 at a pool.
Photograph taken facing downstream.
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Photo

19
Nov 13, 2014: Reach MTS1, upstream cross-section at a riffle.
Photograph taken facing upstream.
Photo
20

Nov 6, 2015: Reach MTS1, upstream cross-section at a riffle.
Photograph taken facing upstream. New beaver dam downstream caused backwatering.
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Photo

21
Nov 13, 2014: Reach MTS1, downstream cross-section at a pool.
Photograph taken facing downstream.
Photo
22

Nov 6, 2015: Reach MTS1, downstream cross-section at a pool.
Photograph taken facing downstream. New beaver dam downstream caused backwatering.
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Photo

23
Nov 16, 2016: Reach MTS1
Photograph showing extensive backwatering due to beaver dam downstream.
Photo
24

Nov 25, 2014: Reach MTS2, cross-section 4 at a riffle.
Photograph taken facing upstream.
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Photo

25
Nov 5, 2015: Reach MTS2, cross-section 4 at a riffle.
Photograph taken facing upstream.
Photo
26

Nov 16, 2016: Reach MTS2, cross-section 4 at a riffle.
Photograph taken facing upstream.
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Photo

27
Nov 25, 2014: Reach MTS2, cross-section 5 at a pool.
Photograph taken facing upstream.
Photo
28

Nov 5, 2015: Reach MTS2, cross-section 5 at a pool.
Photograph taken facing upstream.

Project #: 14026a

Xiv



Photo

29
Nov 16, 2016: Reach MTS2, cross-section 5 at a pool.
Photograph taken facing upstream.
Photo
30

Nov 20, 2014: Reach MTS2-2, cross-section downstream of rail crossing.
Photograph taken facing upstream.
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Photo

31
Nov 5, 2015: Reach MTS2-2, cross-section downstream of rail crossing.
Photograph taken facing the right bank.
Photo
32

Nov 16, 2016: Reach MTS2-2, cross-section downstream of rail crossing.
Photograph taken facing upstream.
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Photo

33
Nov 20, 2014: Reach MTS2-2, cross-section upstream of rail crossing.
Photograph taken facing downstream.
Photo
34

Nov 5, 2015: Reach MTS2-2, cross-section upstream of rail crossing.
Photograph taken facing downstream.
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Photo

35
Nov 20, 2014: Reach MTS3, cross-section upstream of road crossing.
Photograph taken facing downstream.
Photo
36

Nov 5, 2015: Reach MTS3, cross-section upstream of road crossing.
Photograph taken facing downstream.

Project #: 14026a

Xviii



Photo

37
Nov 16, 2016: Reach MTS3, cross-section upstream of road crossing.
Photograph taken facing downstream.
Photo
38

Nov 20, 2014: Reach MTS3, cross-section downstream of road crossing.
Photograph taken facing the left bank.
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Photo

39
Nov 5, 2015: Reach MTS3, cross-section downstream of road crossing.
Photograph taken facing the left bank.
Photo
40

Nov 16, 2016: Reach MTS3, cross-section downstream of road crossing.
Photograph taken facing the left bank.
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Photo

41
Nov 12, 2014: Reach MTS3-d, cross-section 2 at a pool.
Photograph taken facing downstream.
Photo
42

Nov 6, 2015: Reach MTS3-d, cross-section 2 at a pool.
Photograph taken facing downstream.
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Photo

43
Nov 16, 2016: Reach MTS3-d, cross-section 2 at a pool.
Photograph taken facing downstream.
Photo
44

Nov 13, 2014: Reach MTS3-d, cross-section 6 at a riffle.
Photograph taken facing downstream.
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Photo

45
Nov 6, 2015: Reach MTS3-d, cross-section 6 at a riffle.
Photograph taken facing downstream.
Photo
46

Nov 16, 2016: Reach MTS3-d, cross-section 6 at a riffle.
Photograph taken facing downstream.
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Detailed Geomorphological Assessment Summary

Project Number: PN14026a

Date:

November 11, 2014

Client: Midhurst Rose Alliance Inc.

Length Surveyed (m):

105.8

Location:

MTNZ2, Matheson Crk, Midhurst, ON

# of Cross-Sections:

8

Reach Characteristics

Drainage Area: N/A
Geology/Soils:

Surrounding Land Use: Agricultural

Glaciolacustrine deposits

Dominant Riparian Vegetation Type:
Extent of Riparian Cover:
Width of Riparian Cover (m):

Trees and shrubs
Continuous
>10 channel widths

Valley Type: Partially confined Age Class of Riparian Vegetation: Mature (>30 yrs)
Dominant Instream Vegetation Type: None Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: N/A Density of Woody Debris: Moderate
Hydrology
Measured Discharge (m®/s): 1.13 Calculated Bankfull Discharge (m?/s): 12.15
Modeled 2-year Discharge (m3/s): Not modelled Calculated Bankfull Velocity (m/s): 1.27
Modeled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 0.20 Sinuosity: 1.21
Channel Bed Gradient (%): 0.20 Meander Belt Width (m): Not measured
Riffle Gradient (%): 3.48 Radius of Curvature (m): Not measured
Riffle Length (m): 3.09 Meander Amplitude (m): Not measured
Riffle-Pool Spacing (m): 3.84 Meander wavelength (m): Not measured
Longitudinal Profile
Distance (m)
0 10 20 30 40 50 60 70 80 90 100 110
0.0 Il L Il Il L 1 L L Il L J
T 051 Bankfull Level
= 1.0 - /
S 15 4 A Water Level A A A A
] A / A A
2 2.0
w
2> _\__\/\’\/-/\—\/-W—\—\/\
3.0 A
Channel Bed
3.5 -
Bank Characteristics
Minimum Maximum Average Minimum  Maximum Average
Bank Height (m): 0.50 1.10 0.75
Bank Angle (deg): 45 90 78 Torvane Value (kg/cm?): Not measured
Root Depth (m): 0.05 0.60 0.24 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 5 60 25 Bank Material (range): Clay to coarse sand
Bank Undercut (m): 0.05 0.50 0.26

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 8.05 12.20 9.61
Average Bankfull Depth (m): 0.84 1.18 0.99
Bankfull Width/Depth (m/m): 8 12 10
Wetted Width (m): 6.90 11.35 8.70
Average Water Depth (m): 0.39 0.57 0.46
Wetted Width/Depth (m/m): 12 26 19
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.51 0.89 0.73
Manning's n: 0.035
Photograph of cross section 3 (looking upstream)
Representative Cross-Section 4
Distance (m)
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
0.0
0.5
~ 1.0
5 Bankfull Level
g 1.5 — \
2 L0 ~ [
S .
3 \ /~
25 N\ -~
y \—- \ Water Sur}//
35
Substrate Characteristics
Particle Size (mm) Subpavement: Coarse sand

Samples were
taken and
anal\ézed by
SHAD and
Assocites Inc.

0.170
0.425
0.580

Particle shape:

Embeddedness (%):
Particle range (run):

N/A: fines only
N/A: fines only
Coarse sand

GEO Morphix Ltd.
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 19.50
for Ds: N/A Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,: N/A Critical Shear Stress (Ds,) (N/m?): 0.31

Unit Stream Power at Bankfull (W/m?): 24.81

General Field Observations

Channel Description
This reach assessment was completed upstream of Highway 27. The creek was confined with a valley wall
contact along the left bank throughout the reach. Riparian vegetation consisted of a mixture of grasses,
shrubs, and mature trees. The reach bed and banks consisted mainly of sand throughout. There was no
riffle-pool development. Instream vegetation was not present. Average channel bankfull width and depth
were 9.61 m and 0.99 m, respectively. Channel banks displayed signs of instability (e.g., recent slumping

or failure). The channel was characterized by multiple woody debris jams with approximately one debris
jam every 15 m.

Cross Section 4 - Looking Upstream
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Detailed Geomorphological Assessment Summary

Project Number: PN14026a Date: November 26, 2014
Client: Midhurst Rose Alliance Inc. Length Surveyed (m): 92
Location: MTN3&4, Matheson Crk, Midhurst # of Cross-Sections: 8

Reach Characteristics

Drainage Area: N/A Dominant Riparian Vegetation Type: Grasses and trees
Geology/Soils: Glaciolacustrine deposits Extent of Riparian Cover: Continuous
Surrounding Land Use: Forest Width of Riparian Cover (m): >10 channel widths
Valley Type: Unconfined Age Class of Riparian Vegetation: Immature (<5 yrs)
Dominant Instream Vegetation Type: Grasses Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: <10% Density of Woody Debris: Low
Hydrology
Measured Discharge (m3/s): 0.30 Calculated Bankfull Discharge (m3/s): 2.47
Modeled 2-year Discharge (m3/s): Not modelled Calculated Bankfull Velocity (m/s): 1.42
Modeled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 0.45 Sinuosity: 1.44
Channel Bed Gradient (%): 0.58 Meander Belt Width (m): Not measured
Riffle Gradient (%): 3.36 Radius of Curvature (m): Not measured
Riffle Length (m): 4.22 Meander Amplitude (m): Not measured
Riffle-Pool Spacing (m): 7.78 Meander wavelength (m): Not measured

Longitudinal Profile

Distance (m)

0 20 40 60 80 100 120
00 1 L L 1 1 ]
05 | 1900mm CSP @ Gill Rd.
= 4 Water Surf:
§, 10 sersurace Bankfull Level
S 15 - / /
=R A A A A A A A
[ A
z 201
Y25 4
3.0 +
35 | Channel Bed
Bank Characteristics
Minimum Maximum Average Minimum  Maximum Average
Bank Height (m): 0.40 1.00 0.61
Bank Angle (deg): 90 90 90 Torvane Value (kg/cm?): Not measured
Root Depth (m): 0.10 0.40 0.16 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 10 100 67 Bank Material (range): Clay to coarse sand
Bank Undercut (m): 0.05 0.20 0.04
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Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 2.30 3.80 2.84
Average Bankfull Depth (m): 0.44 0.91 0.55
Bankfull Width/Depth (m/m): 2.54 8.27 5.61
Wetted Width (m): 2.05 3.10 2.51
Average Water Depth (m): 0.26 0.83 0.45
Wetted Width/Depth (m/m): 2.59 11.31 6.72
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.43 1.29 0.60
Manning's n: 0.030
Photograph of cross section 8 (looking downstream)
Representative Cross-Section 8
Distance (m)
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
1.0
15 Bankfull Level
= .
>
uij \Water Surface ‘
o -\/— —
3.0
Substrate Characteristics
Particle Size (mm) Subpavement: Sand

Dyo : 0.106
Dso : 0.275
Ds4 H 0.550

Samples were
taken and
anaIEzed by
SHAD and
Assocites Inc.

Particle shape:

Embeddedness (%):

Particle range (run):

N/A: only fines
N/A: only fines
Sand to coarse sand

GEO Morphix Ltd.
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Channel Thresholds

Flow Competency (m/s):

Tractive Force at Bankfull (N/m?): 22.40
for Dgo: 0.27 Tractive Force at 2-year flow (N/m?): Not modelled
for Dgy: 0.27 Critical Shear Stress (Dso) (N/m?): 1.46
Unit Stream Power at Bankfull (W/m?): 31.88

General Field Observations

Channel Description
This reach demonstrated a high-sinuosity and was a sand dominated system. The reach bed and banks
consisted mainly of sand throughout. Some instream grasses were present. Riparian vegetation included
grasses and immature trees. Average channel bankfull widths and depths were 2.84 m and 0.55 m,
respectively. There was poor riffle-pool formation. Only one riffle was noted downstream of the CSP at
Gill Road. Evidence of active sediment transport included fine-coarse sand saltation. The reach exhibited
near bankfull conditions during the time of the site visit, as a result of snowmelt.

Cross Section 4 - Looking Downstream
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Detailed Geomorphological Assessment Summary

Project Number: PN14026a

Date:

November 11, 2014

Client:

Midhurst Rose Alliance Inc.

Length Surveyed (m):

Location:

MTS3-d, Matheson Crk, Midhurst, ON

# of Cross-Sections:

Reach Characteristics

Drainage Area:
Geology/Soils:
Surrounding Land Use:

N/A
Older alluvial deposits & till
Forest and agricultural

Dominant Riparian Vegetation Type:
Extent of Riparian Cover:
Width of Riparian Cover (m):

Trees and shrubs
Continuous
>10 channel widths

Valley Type: Partially confined Age Class of Riparian Vegetation: Immature (>5 yrs)
Dominant Instream Vegetation Type: Grasses Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: 10% Density of Woody Debris: Low
Hydrology
Measured Discharge (m3/s): N/A: no water Calculated Bankfull Discharge (m®/s): 0.15
Modeled 2-year Discharge (m3/s): Not modelled Calculated Bankfull Velocity (m/s): 0.98
Modeled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 2.04 Sinuosity: 1.01
Channel Bed Gradient (%): 2.51 Meander Belt Width (m): Not measured

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

N/A: no riffles
N/A: no riffles
N/A: no riffle-pool spacing

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

Meander wavelength (m):

Not measured
Not measured
Not measured

Longitudinal Profile

Distance (m)

0 10 20 30 50 60 70
10 L 1 1 Il L L J
Bankfull Level
15 4 l
E 201
c
2
S 25 |
[}
’ \
3.0
Channel Bed - A
35 -
Bank Characteristics
Minimum Maximum Average Minimum  Maximum Average
Bank Height (m): 0.20 0.30 0.23
Bank Angle (deg): 15 30 23 Torvane Value (kg/cm?): Not measured
Root Depth (m): 0.00 0.05 0.03 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 0 10 3 Bank Material (range): Clay to gravel

Bank Undercut (m):

No undercuts

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Minimum

Bankfull Width (m):

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

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

Maximum
2.40
0.16
22.10
No water
No water
No water

Average
1.97
0.12

16.80

Not measured

Not measured

No water
0.035

Photograph of cross section 1 (looking downstream)

Representative Cross-Section 1

Distance (m)

0.0 1.0 2.0 3.0 4.0 5.0 6.0
1.0
é 15 Bankfull Level
5 \ -\
S — X —
> N
L 20
L
2.5

Substrate Characteristics

Particle Size (mm)
Dyo : <2.0
Dso : 3.1
Dgo : 16.0

100

Subpavement:
Particle shape:
Embeddedness (%):
Particle range (run):

Cumulative Particle Size Distribution

90

Sand
Sub-angular to sub-rounded
95

Sand to cobbles

80

70

50 /

40

30

Percent Finer

20

10

10

100
Grain size (mm)

1000
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 24.62
for Ds: 0.33 Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,: 0.60 Critical Shear Stress (Dso) (N/m?): 2.26
Unit Stream Power at Bankfull (W/m?): 24.00

General Field Observations

Channel Description
The reach was unconfined and fairly straight. There was no water in the channel at the time of
assessment. No apparent riffle-pool features were noted. The channel was intermittently defined. Riparian
vegetation was wide and included shrubs and immature trees. Average channel bankfull width and depth
were 2.0 m and 0.1 m, respectively. Substrate consisted of sand to large cobbles. No erosion was
observed. The portion of the reach upstream of Craig Road was poorly defined.

Cross Section 7 - Looking Downstream
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Detailed Geomorphological Assessment Summary

Project Number:

PN14026a

Date:

November 24, 2014

Client: Midhurst Rose Alliance Inc. Length Surveyed (m): 93
Location: MTN3-c, Matheson Crk, Midhurst, ON |# of Cross-Sections: 8
Reach Characteristics
Drainage Area: N/A Dominant Riparian Vegetation Type: Grasses and trees
Geology/Soils: Glaciolacustrine deposits Extent of Riparian Cover: Continuous
Surrounding Land Use: Forest Width of Riparian Cover (m): >10 channel widths
Valley Type: Partially confined Age Class of Riparian Vegetation: Established (5-30 yrs)
Dominant Instream Vegetation Type: None Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: N/A Density of Woody Debris: Low
Hydrology
Measured Discharge (m3/s): 0.11 Calculated Bankfull Discharge (m?/s): 0.85
Modeled 2-year Discharge (m3/s): Not modelled Calculated Bankfull Velocity (m/s): 1.12
Modeled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 0.49 Sinuosity: 1.06
Channel Bed Gradient (%): 0.71 Meander Belt Width (m): Not measured
Riffle Gradient (%): N/A: no riffles Radius of Curvature (m): Not measured
Riffle Length (m): N/A: no riffles Meander Amplitude (m): Not measured
Riffle-Pool Spacing (m): N/A: No riffle-pool spacing Meander wavelength (m): Not measured
Longitudinal Profile
Distance (m)
0 10 20 30 40 50 60 70 80 90 100
12 | ‘ ‘ ‘ ‘ 1900mm‘ CSP @ Gill Rd. I B;nkfull Level ‘ ‘ ‘
14 i ——— >
. 16 1 Water Surface R
£ 181 —a 1 S
g 207 Channel Bed
o 221
24 A
26 -
Bank Characteristics
Minimum Maximum Average Minimum  Maximum Average
Bank Height (m): 0.10 0.70 0.28
Bank Angle (deg): 30 90 63 Torvane Value (kg/cm?): Not measured
Root Depth (m): 0.00 0.15 0.08 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 0 100 30 Bank Material (range): Clay to sand
Bank Undercut (m): No undercuts
GEO Morphix Ltd. Page 1 of 3




Cross-Sectional Characteristics

Samples were
taken and
anaIBzed by
SHAD and
Assocites Inc.

Minimum Maximum Average
Bankfull Width (m): 1.50 3.90 2.37
Average Bankfull Depth (m): 0.13 0.34 0.25
Bankfull Width/Depth (m/m): 6 19 10
Wetted Width (m): 1.50 4.10 2.67
Average Water Depth (m): 0.09 0.34 0.20
Wetted Width/Depth (m/m): 8 22 14
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.14 0.56 0.33
Manning's n: 0.030
Photograph of cross section 5 (looking upstream)
Representatve Cross-Section 5
Distance (m)
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
1.0
’g 15 Bankfull Level
& —
2
§ kwf'J\ Water Level
w 20
25
Substrate Characteristics
Particle Size (mm) Subpavement: Coarse sand
Djo 0.100 Particle shape: N/A: fines only
Dso 0.270 Embeddedness (%): N/A: fines only
Dsa 0.550 Particle range (run): Sand to gravel
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 15.91266252
for Dso: N/A Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,: N/A Critical Shear Stress (Dso) (N/m?): 196.67
Unit Stream Power at Bankfull (W/m?): 17.75

General Field Observations

Channel Description
Water levels were at bankfull at the time of the survey and the floodplain was saturated as a result of
recent snowmelt. This reach displayed a high-sinuosity and sand-dominated system. The riparian buffer
zone was wide and the vegetation included grasses and trees. Average channel bankfull width and depth
were 2.37 m and 0.25 m, respectively. Active sediment transport was noted in the form of sand saltation
was observed at the time of assessment. Little to no bank erosion was observed.

Cross Section 7 - Looking Downstream
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Detailed Geomorphological Assessment Summary

Project Number: PN14026a Date: Novemeber 25, 2014
Client: Midhurst Rose Alliance Inc. Length Surveyed (m): 74
Location: MTS2, Matheson Crk, Midhurst, ON # of Cross-Sections: 8
Reach Characteristics
Drainage Area: N/A Dominant Riparian Vegetation Type: Trees
Geology/Soils: Glaciolacustrine deposits Extent of Riparian Cover: Continuous
Surrounding Land Use: Forest Width of Riparian Cover (m): >10 channel widths
Valley Type: Unconfined Age Class of Riparian Vegetation: Mature (>30 yrs)
Dominant Instream Vegetation Type: None Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: N/A Density of Woody Debris: Low
Hydrology
Measured Discharge (m3/s): 0.01 Calculated Bankfull Discharge (m3/s): 1.22
Modeled 2-year Discharge (m3/s): Not modelled Calculated Bankfull Velocity (m/s): 1.56
Modeled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 1.74 Sinuosity: 1.14
Channel Bed Gradient (%): 1.56 Meander Belt Width (m): Not measured
Riffle Gradient (%): 1.22 Radius of Curvature (m): Not measured
Riffle Length (m): 5.88 Meander Amplitude (m): Not measured
Riffle-Pool Spacing (m): 6.30 Meander wavelength (m): Not measured
Longitudinal Profile
Distance (m)
0 10 20 30 40 50 60 70 80
10 : : : : : : : ‘
15 Water Suffaii Bankfull Level
€ ——7~ = ’Z
g 207 = S\ A A
§ 25
]
30 Channel Bed
35 -
Bank Characteristics
Minimum Maximum Average Minimum  Maximum Average
Bank Height (m): 0.10 1.00 0.45
Bank Angle (deg): 15 60 41 Torvane Value (kg/cm?): Not measured
Root Depth (m): 0.00 0.10 0.04 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 0 10 5 Bank Material (range): Clay to coarse sand
Bank Undercut (m): 0.05

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 0.90 2.10 1.32
Average Bankfull Depth (m): 0.08 0.32 0.20
Bankfull Width/Depth (m/m): 4 11 7
Wetted Width (m): 0.60 1.82 0.94
Average Water Depth (m): 0.06 0.41 0.12
Wetted Width/Depth (m/m): 5 14 9
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.06 0.20 0.14
Manning's n: 0.030
Photograph of cross section 4 (looking upstream)
Representative Cross-Section 4
Distance (m)
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
0.0
0.5
B
\E 1.0 Bankfull Level
hel
u \=(
2.0
Water Surface
25
Substrate Characteristics
Particle Size (mm) Subpavement: Silt, sand, and till
Dio <1.0 Particle shape: Angular to sub-rounded
Dso 1.0 Embeddedness (%): 40 to 80
Dgo 19.0 Particle range (riffle): Sand to cobbles
Particle Range (pool): Silt and sand
Cumulative Particle Size Distribution
100
90
70 ~
8 60
£ —
iL 50
t 40
]
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[
o 20
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Grain size (mm)
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 35.20
for Dso: 0.20 Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,: 0.60 Critical Shear Stress (Dso) (N/m?): 0.73
Unit Stream Power at Bankfull (W/m?): 54.99

General Field Observations

Channel Description

This reach displayed a low-sinuosity and sand dominated system. The channel was unconfined with a low
sinuosity and moderate gradient. The riparian buffer zone was wide consisted of mature trees. Riffle-pool
formation was present. Riffle substrate consisted of sand, gravel, and small cobbles. Pool substrate
consisted of silt and sand. Instream vegetation was not present. Average channel bankfull width and
depth were 1.32 m and 0.20 m, respectively. Roots were exposed in the banks. One undercut was
measured at 0.05 m. Three knickpoints were noted in the surveyed section of channel with heights of

0.19 m, 0.20 m, and 0.27 m.

Cross Section 2 - Looking Downstream

GEO Morphix Ltd.
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Figure

1
Reach MTN2: Cross section 1, riffle
Channel bed and bank extent at cross section 1 for 2014 to 2016 site visits.
Figure
2

Reach MTN2: Cross section 2, pool
Channel bed and bank extent at cross section 2 for 2014 to 2016 site visits.
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Figure

3
Reach MTN3/4: Cross section 2, run
Channel bed and bank extent at cross section 2 for 2014 to 2016 site visits.
Figure
4

Reach MTN3/4: Cross section 3, pool
Channel bed and bank extent at cross section 3 for 2014 to 2016 site visits.
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Figure

5
Reach MTN3-c: Cross section 5, pool
Channel bed and bank extent at cross section 5 for 2014 to 2016 site visits.
Figure
6

Reach MTN3-c: Cross section 6, run-riffle
Channel bed and bank extent at cross section 6 for 2014 to 2016 site visits.
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Figure

7
Reach MTS1: Upstream, riffle
Channel bed and bank extent at upstream cross section for 2014 to 2015 site visits.
Figure
8

Reach MTS1: Downstream, pool
Channel bed and bank extent at downstream cross section for 2014 to 2015 site visits.
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Figure

9
Reach MTS2: Cross section 4, riffle
Channel bed and bank extent at cross section 4 for 2014 to 2016 site visits.
Figure
10

Reach MTS2: Cross section 5, pool
Channel bed and bank extent at cross section 5 for 2014 to 2016 site visits.
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Figure

11
Reach MTS2-2: Upstream
Channel bed and bank extent at upstream cross section for 2014 to 2015 site visits.
Figure
12

Reach MTS2-2: Downstream
Channel bed and bank extent at downstream cross section for 2014 to 2016 site visits.
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Figure

13
Reach MTS3: Upstream
Channel bed at upstream cross section for 2014 to 2016 site visits.
Figure
14

Reach MTS3: Downstream
Channel bed at downstream cross section for 2014 to 2016 site visits.
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Figure

15
Reach MTS3-d: Cross section 2, pool
Channel bed and bank extent at cross section 2 for 2014 to 2016 site visits.
Figure
16

Reach MTS3-d: Cross section 6, riffle
Channel bed and bank extent at cross section 6 for 2014 to 2016 site visits.
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Exposed Pin Length (m)

Cross - Difference™* .
; Bank Pin . - Activity
section Eall 2014 Spring Fall Spring
Left Bank 0.20 0.21 0.17 0.22 0.28 -0.08 Erosion
XS 1
Right Bank 0.20 N/M 0.175 0.26 0.26 -0.06 Erosion
MTN2
Left Bank 0.20 0.18 0.23 N/M 0.18 0.02 Deposition
XS 2
Right Bank 0.20 0.26 0.24 0.18 0.20 0.00 Stable
Left Bank 0.20 0.20 0.22 0.20 0.20 0.00 Stable
XS 2
Right Bank 0.20 0.20 0.21 0.21 0.22 -0.02 Erosion
MTN3/74
Left Bank 0.20 0.20 0.20 0.215 0.21 -0.01 Erosion
XS 3
Right Bank 0.20 0.21 0.27 0.26 missing -0.06 Erosion
Left Bank 0.20 0.30 0.215 0.29 0.31 -0.11 Erosion
XS 5
Right Bank 0.20 0.23 0.215 0.20 0.22 -0.02 Erosion
MTN3-c
Left Bank 0.20 0.21 0.25 0.29 0.31 -0.11 Erosion
XS 6
Right Bank 0.20 0.215 0.20 0.255 0.28 -0.08 Erosion
Left Bank 0.20 0.16 missing missing missing 0.04 Deposition
D/S XS
Right Bank 0.20 0.22 missing missing missing -0.02 Erosion
MTS1
Left Bank 0.20 0.27 missing missing missing -0.07 Erosion
U/S XS
Right Bank 0.20 0.25 missing missing missing -0.05 Erosion
Left Bank 0.20 0.20 0.225 0.185 0.23 -0.03 Erosion
XS 4
Right Bank 0.20 0.20 0.19 0.19 0.20 0.00 Stable
MTS2
Left Bank 0.20 0.20 0.19 0.185 0.18 0.02 Deposition
XS 5
Right Bank 0.20 0.195 0.18 0.20 0.18 0.02 Deposition
Left Bank
D/S XS Erosion pins were not installed due to poorly defined banks
Right Bank
MTS2-2
Left Bank
U/S XS Erosion pins were not installed due to poorly defined banks
Right Bank
Left Bank
D/S XS Erosion pins were not installed due to poorly defined banks
Right Bank
MTS3
Left Bank
U/S XS Erosion pins were not installed due to poorly defined banks
Right Bank
Left Bank 0.20 0.20 missing 0.11 0.13 0.07 Deposition
XS 2
Right Bank 0.20 0.20 0.355 0.34 0.34 -0.14 Erosion
MTS3-d
Left Bank 0.20 0.165 0.175 0.22 0.21 -0.01 Erosion
XS 6
Right Bank 0.20 0.18 0.20 0.215 0.225 -0.025 Erosion

*Difference is Fall 2014 - Fall 2016

, if not applicable, first measurement - last measurement
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Particle Size at the

Particle

Cross- . Time of Assessment ..
. Size . Activity
section Fall Spring
2015 2016
D50 0.425 0.400 0.280 0.225 No Finer
XS 1 sample
D84 0.580 4.750 0.500 0.400 taken Finer
MTN2
D50 22.000 N/A 11.000 45.300 25.000 In transition
XS 2
D84 160.000 N/A 90.500 | 180.000 | 89.000 In transition
D50 0.275 0.425 0.280 0.150 TBD
XS 2
D84 0.550 0.200 0.475 0.275 Sample TBD
MTN3/74* awaiting
D50 0.275 0.425 0.280 0.150 analysis TBD
XS 3
D84 0.550 0.200 0.475 0.275 TBD
D50 0.270 0.350 0.190 0.500 TBD
XS 5
D84 0.550 0.200 0.315 1.090 Sample TBD
MTN3-c* awaiting
D50 0.270 0.350 0.190 0.500 analysis TBD
XS 6
D84 0.550 0.200 0.315 1.090 TBD
D50 3.000 N/A 6.000 N/A
XS D/S . Qi
N/A: Site not
MTS1* D84 9.000 N/A 0.860 assessed due to N/A
D50 6.400 N/A 6.000 flooding from N/A
XS U/S beaver dams
D84 15.000 N/A 0.860 N/A
D50 11.300 N/A 52.000 | 0.200* 8.700 In transition
XS 4
D84 25.000 N/A 31.000 | 0.300* 50.000 In transition
MTS2
D50 0.570 N/A 0.440 0.200* No Finer
XS 5 sample
D84 1.195 N/A 1.000 0.300* taken Finer
D50
U/S XS Sample not taken due to poorly defined channel.
D84
MTS2-2
D50
D/S XS Sample not taken due to poorly defined channel.
D84
D50
U/S XS Sample not taken due to poorly defined channel.
D84
MTS3
D50
D/S XS Sample not taken due to poorly defined channel.
D84
D50 2.900 N/A <2.000 | <2.000 No Finer
XS 2 sample
D84 3.900 N/A 3.300 39.000 taken Coarser
MTS3-d
D50 19.000 N/A 19.000 8.000 4.000 Finer
XS 6
D84 <2.000 N/A <2.000 | 26.000 14.000 In transition

*composite sample results from grain size analysis
TBD - to be determined after analysis
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1 Introduction

GEO Morphix Ltd. was retained by the Midhurst Landownsers Group (MLG) to complete baseline
geomorphological monitoring for several reaches of Willow Creek and Black Creek in the Midhurst
Secondary Plan Area, within the Township of Springwater, Ontario. Baseline geomorphological
data collected through this program are in connection with the adaptive management plan
associated with the Doran and Carson Road Neighbourhoods and will inform the Midhurst Master
Drainage Plan.

Baseline monitoring data characterizes the range of natural geomorphic variability within selected
channels. It also assists in identifying any changes to the hydrologic and sediment regime in the
subcatchments that could be associated with development activities. Monitoring data also provides
an opportunity to mitigate any impacts, should they be identified through an adaptive
management approach.

An adaptive management monitoring approach was developed in the context of six stormwater
management ponds. Four (4) ponds are associated with the Carson Road Neighbourhood and will
discharge into Black Creek. Two (2) ponds are associated with the Doran Road Neighbourhood
and will discharge into Willow Creek. The adaptive management plan is based on the BACI
approach (Before-After-Control-Impact). Before (pre-development) and After (post-development)
sampling can be used to determine how and if development changes the creek through time from
its historical condition. Control and Impact sampling allows the effects of development to be
discerned from natural variability and trends. Control sites act as a reference for the system’s
natural state. These sites are not impacted by development (i.e. changes in flow). Impact sites
are those that may potentially see changes as a result of development (i.e. downstream of
development, may experience changes in flow). The potentially impacted sites and reference sites
are monitored with the same protocol (methods, frequency, and timing) to allow for paired
comparison of changes among the sites. This approach provides a mechanism to adapt designs
should future monitoring indicate the occurrence of unacceptable erosion impacts.

GEO Morphix Ltd. has developed a baseline monitoring program to characterize the existing
geomorphology within Willow Creek, Black Creek, and their tributaries downstream of the
respective development sites. Sites were selected based on proximity to the proposed pond outlets
and sensitive reaches identified through the desktop assessment. Sites were also selected to
provide coverage across a range of geomorphologically distinct reaches, where public or roadside
access was available. Our desktop examination of slope and geology suggested that road side and
public access could bring us within proximity of the most sensitive channels and provide a diverse
collection of observations.

This second year monitoring report outlines all geomorphological monitoring that has occurred to
date. This includes fluvial geomorphological monitoring, and more specifically, addresses potential
adjustment in channel geometry, rates of change with regards to channel adjustment, and
instream sediment characteristics. Erosion thresholds were determined as part of the first report
submitted August 22, 2016, titled Geomorphological Monitoring of Willow and Black Creek in
support of Adaptive Management for the Dorn and Carson Road Development, Midhurst, Ontario.



2 Background Review

The Carson Road Neighbourhood falls within the Willow Creek Subwatershed and the Midhurst
Secondary Plan Area. Flows from the proposed lands naturally drain into four locations on the
main stem of Black Creek.

Black Creek provides coldwater habitat for various fish species and substantial discharge to the
Nottawasaga River system. The upstream section of Black Creek falls within an area of ice-contact
stratified deposits of sand and gravel with minor amounts of silt, clay, and till. The Carson Road
Neighbourhood is located in the upstream portion of the catchment that drains to the main stem
of Black Creek. Proposed stormwater management for the development includes four stormwater
ponds that will drain into the main stem of Black Creek. The proposed ponds are located alongside
the western boundary of the future development.

The Doran Road Neighbourhood is located in the upstream tributaries of the Willow Creek
Subwatershed and the Midhurst Secondary Plan area. The main branch of Willow Creek is a
coldwater system the contributes flow within the larger Nottawasaga watershed. Willow Creek
passes through modern alluvial deposits of clay, silt, sand, and gravel. These types of systems
are less resilient to changes in flow, as fine materials are more easily transported.

In order to mitigate impacts within Willow Creek the Doran Road Neighbourhood includes LID and
SWM outlet control practices to reduce volume and peak flows. The stormwater management plan
for the development includes two stormwater ponds at Pooles Road and Russel Road that will
drain into a tributary of Willow Creek.

Preliminary reach delineation for Willow and Black Creeks were completed by desktop analysis.
Reach delineation is a prerequisite of a geomorphological assessment. Reaches divide
watercourses into homogeneous channel segments having similar inputs, outputs, and controls.
Indicators for reach breaks include:

e Channel planform;

e Channel gradient;

e Physiography;

e Land cover (land use or vegetation);

e Flow, due to tributary inputs;

e Soil type and surficial geology; and

e Certain types of channel modifications by humans.

A reach map is provided in Appendix A. Only those reaches considered relevant to the proposed
SWM plan were further assessed in the field.

3 Geomorphological Monitoring

The geomorphological monitoring program was created to characterize baseline conditions within
the Willow Creek and Black Creek subwatersheds. The program follows an adaptive management
approach within the context of the proposed stormwater pond outlets. As such, data collected will
assist in identifying and mitigating any potential impacts to watercourses that may occur in
relation to the proposed future development.

Monitoring sites were established in Fall 2014. These monitoring sites were reassessed twice
annually, in the Spring and Fall of 2015 and 2016. This report summarizes and compares all data
spanning 2014 to 2016.



3.1 Monumented Cross-sections

Monumented cross-sections were established and reassessed at each instream monitoring
location. These locations include sites measured and characterized during prior detailed
assessments and additional sites selected to provide a more robust and spatially varied
characterization of the subwatersheds. A map of the monitoring locations is included in Appendix
A.

Site selection was based on the background review completed in 2014. These locations were
selected based on sensitivity of the watercourses, proximity to the proposed pond outlets and
development areas, and to represent a range of environmental conditions that exist within the
subcatchments. Property access was a contributing, but not a limiting, factor.

Monitoring sites were first established in the Fall of 2014. Site establishment included:

e Establishment and measurement of permanent monumented cross-sections to assess
changes in channel and bankfull geometry over time;

e Establishment of erosion pins at each cross-sections (one in each bank) to assess
erosion/deposition rates over time;

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

¢ Monumented photographs at each cross-section location.

Monumented cross-sections involved the installation of permanent bank pins at two cross-sections
per monitoring location. Cross-section location was chosen to monitor a variety of characteristic
geomorphic environments, where they were present (i.e., riffles, pools, runs). During each
monitoring event, cross-sections were measured using a survey level from left to right bank pin
while facing downstream.

All monitoring data collected are presented in the following appendices: a photographic record
showing each cross-section for Willow Creek locations is presented in Appendix B and for Black
Creek locations in Appendix C; and a graphical representation of monumented cross-section
geometry for Willow Creek locations is presented in Appendix E and for Black Creek locations in
Appendix F.

Over the monitoring period there has been times when particular sites were unable to be
monitored, these occurrences are summarized below:

e Retaining wall construction by others near the downstream location of BC8 was in progress
during Fall 2016 monitoring. As a result, cross-sections were not monitored. The cross-
sections were not affected by construction, and monitoring proceeded in spring 2017.

e Beaver dams were built between Fall 2015 and the Spring 2016 visits at reach WC3. One
dam was built immediately upstream of the downstream cross-section and another dam
10 m upstream of the upstream cross-section. These did not affect monitoring; however,
it may cause changes in channel geometry and substrate distributions.

e Cross-section 7, at reach WC5, was removed due to construction of an armour stone wall
by others to stabilize the slope. The riffle cross-section was relocated upstream in Spring
2016.

¢ A pin at the downstream cross-section, at WC8, was removed and the cross-section was
re-established in Spring 2016.

e Monitoring at WC9 has been discontinued due to inability to re-survey the site. WC9 is
located in a wetland, and cross-section pins continue to sink into the wetland. As a result,



we are unable to complete repeated surveys of the same cross-sections. There is an
existing monitoring site near by at WC8.

3.1.1 Erosion Pins

Erosion pins were installed at each monitoring location in Fall of 2014. Two bank pins were
installed at each monumented cross-section: one on the right bank and one on the left bank.

Each erosion pin was installed by hammering a rebar segment into the lower section of the bank.
Bank pin location was selected in areas of the bank that appeared sensitive to localized erosion or
deposition. Upon installation, a typical exposure length of 0.20 m was left as a baseline for future
monitoring. Bank pins were measured again during each monitoring event.

Repeated measurements of erosion pins helps gauge baseline variability and note any changes in
erosion or deposition over time. Progressive change in erosion or deposition may be indicative of
localized geomorphic instability. In combination with other geomorphic measurements, this data
may be used to infer larger scale geomorphic processes.

A tabular summary of changes in bank pin exposure for each cross-section is presented in
Appendix G.

3.1.2 Substrate

Bed material sampling was completed at each monumented cross-section using a modified
Wolman (1954) pebble count technique, where applicable. For cross-sections that contained fine
substrate, such as sand or silts, a bed sample was collected and sent for laboratory analysis.

Median grain size (Dso) as determined through pebble counts or sediment sample analysis
represents the size of sediment that is transported during bankfull (channel forming) conditions.
In terms of monitoring sediment data, a change in Dso over time may be indicative of a change in
localized flow conditions. In combination with other geomorphic parameters, this data may be
used to infer changes in channel processes and stability over time.

A tabular summary of sediment data for each cross-section is presented in Appendix H.

3.2 Detailed Geomorphological Assessments

Detailed assessments were completed in 2014 at a selection of sites throughout the study area.
Sites for detailed assessment were selected in sensitive tributaries in proximity to the proposed
outlet and to the development areas. The detailed field assessments provided bankfull and bed
slope, bank and bed sediment characteristics, cross-sections’ dimensions, and a visual assessment
of channel roughness factors. Detailed assessments included the following observations:

e Longitudinal profile of the channel centre line;

e Eight (8) detailed cross-sectional surveys across the watercourse;

¢ Two (2) monumented cross-sections were installed and included erosion pins in both
banks.

e Detailed instream measurements at each cross-section location including bankfull channel
geometry, riparian conditions, bank material, bank height/angle, and bank root density;

e Bed material sampling at each cross-section following a modified Wolman’s (1954) Pebble
Count Technique or substrate sample; and

e Velocity, discharge and observations of active/inactive sediment transport at select
representative cross-sections.



Detailed assessment summaries are provided in Appendix D. Locations at which detailed
assessments took place are visually represented in the reach map presented in Appendix A. The
two monumented cross-sections installed at all detailed assessment locations were revisited and
recorded with the monumented cross-sections.

4 Summary and Conclusions

The Spring and Fall 2016 data show minor changes in channel conditions compared to those
observed in Spring and Fall 2015 and in Fall 2014. Erosion and deposition were generally recorded
in the range of a few centimetres at several erosion pin locations.

Overall, the channels have remained reasonably stable over the period of baseline monitoring.
The slight variations documented are all within the natural variability of the system.

Further monitoring will be completed in Spring and Fall of 2017. Additional updates will be
provided upon completion of 2017 monitoring activities.

We trust this report meets your requirements. Should you have any questions, please do not
hesitate to contact the undersigned.

Respectfully submitted,

Paul Villard Ph.D., P.Geo., CAN-CISEC Kat Woodrow, M.Sc.
Director, Principal Geomorphologist Environmental Scientist
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Photo

1
Dec 22, 2014: Reach WC, cross-section 2 at a run.
Photograph taken facing downstream.
Photo
2

Nov 9, 2015: Reach WC, cross-section 2 at a run.
Photograph taken facing downstream.
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Photo

3
Nov 14, 2016: Reach WC, cross-section 2 at a run.
Photograph taken facing downstream.
Photo
4

Dec 22, 2014: Reach WC, cross-section 7 at a run.
Photograph taken facing the left bank.
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Photo

5
Nov 9, 2015: Reach WC, cross-section 7 at a run.
Photograph taken facing downstream.
Photo
6

Nov 14, 2016: Reach WC, cross-section 7 at a run.
Photograph taken facing downstream.
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Photo

7
Nov 21, 2014: Reach WC1, cross-section at a pool.
Photograph taken facing upstream.
Photo
8

Nov 6, 2015: Reach WC1, cross-section at a pool.
Photograph taken facing upstream.
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Photo

9
Nov 14, 2016: Reach WC1, cross-section at a pool.
Photograph taken facing upstream.
Photo
10

Nov 20, 2014: Reach WC1, cross-section a run.
Photograph taken facing downstream/left bank.
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Photo

11
Nov 6, 2015: Reach WC1, cross-section at a run.
Photograph taken facing downstream.
Photo
12

Nov 14, 2016: Reach WC1, cross-section at a run.
Photograph taken facing downstream.
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Photo

13
Nov 20, 2014: Reach WC3, cross-section at a riffle.
Photograph taken facing downstream.
Photo
14

Nov 6, 2015: Reach WC3, cross-section at a riffle.
Photograph taken facing downstream.
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Photo

15
Nov 15, 2016: Reach WC3, cross-section at a riffle.
Photograph taken facing downstream.
Photo
16

Nov 20, 2014: Reach WC3, cross-section at a pool.
Photograph taken facing upstream.
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Photo

17
Nov 6, 2015: Reach WC3, cross-section at a pool.
Photograph taken facing upstream.
Photo
18

Nov 15, 2016: Reach WC3, cross-section at a pool.
Photograph taken facing upstream.
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Photo

19
Dec 9, 2014: Reach WC5, cross-section 2 at a pool.
Photograph taken facing the left bank.
Photo
20

Nov 10, 2015: Reach WC5, cross-section 2 at a pool.
Photograph taken facing the left bank.

Project #: 14028a




Photo

21
Nov 15, 2016: Reach WC5, cross-section 2 at a pool.
Photograph taken facing the left bank.
Photo
22

Nov 10, 2015: Reach WC5, cross-section 7 removed from construction
Photograph taken facing downstream. A new cross section will be established spring 2016.
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Photo

23
June 16, 2016: Reach WCS5, cross-section 1 at a riffle.
New cross-section established in replacement of 7. Photograph taken facing downstream.
Photo
24

Nov 15, 2016: Reach WC5, cross-section 1 at a riffle.
Photograph taken facing downstream.
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Photo

25
Dec 8, 2014: Reach WCB6, cross-section 2 at a riffle.
Photograph taken facing downstream.
Photo
26

Nov 6, 2015: Reach WC6, cross-section 2 at a riffle.
Photograph taken facing downstream.
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Photo

27
Nov 16, 2016: Reach WCB6, cross-section 2 at a riffle.
Photograph taken facing downstream.
Photo
28

Dec 8, 2014: Reach WCB6, cross-section 5 at a pool.
Photograph taken facing the left bank.
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Photo

29
Nov 6, 2015: Reach WC6, cross-section 5 at a pool.
Photograph taken facing the left bank.
Photo
30

Nov 16, 2016: Reach WCB6, cross-section 5 at a pool.
Photograph taken facing the left bank.
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Photo

31
Nov 28, 2014: Reach WC8, cross-section downstream of road crossing at a pool.
Photograph taken facing downstream.
Photo
32

Nov 10, 2015: Reach WC8, cross-section downstream of road crossing at a pool.
Photograph taken facing downstream.
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Photo

33
Nov 15, 2016: Reach WC8, cross-section downstream of road crossing at a pool.
Photograph taken facing downstream.
Photo
34

Nov 28, 2014: Reach WC8, cross-section upstream of road crossing at a run.
Photograph taken facing upstream.
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Photo

35
Nov 10, 2015: Reach WC8, cross-section upstream of road crossing at a run.
Photograph taken facing upstream.
Photo
36

Nov 15, 2016: Reach WC8, cross-section upstream of road crossing at a run.
Photograph taken facing upstream.
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Photo

37
May 28, 2015: Reach WC9, cross-section 7 at a run.
Cross-section was established in Spring 2015. Photograph taken facing downstream.
Photo
38

Nov 30, 2015: Reach WC9, cross-section 7 at a run.
Photograph taken facing downstream.
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Photo

39
May 28, 2015: Reach WC9, cross-section 4 at a run.
Cross-section was established in Spring 2015. Photograph taken facing downstream.
Photo
40

Nov 15, 2016: Both cross-sections could not be found.

Project #: 14028a

XX



Appendix C



Photo

1
Nov 28, 2014: Reach BC2, cross-section 1 at a run.
Photo taken facing downstream.
Photo
2

Nov 9, 2015: Reach BC2, cross-section 1 at a run.
Photograph taken facing downstream.

Project #: 14028a




Photo

3
Nov 14, 2016: Reach BC2, cross-section 1 at a run.
Photograph taken facing downstream.
Photo
4

Nov 28, 2014: Reach BC2, cross-section 2 at a pool.
Photograph taken facing downstream.
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Photo

5
Nov 9, 2015: Reach BC2, cross-section 2 at a pool.
Photograph taken facing downstream.
Photo
6

Nov 14, 2016: Reach BC2, cross-section 2 at a pool.
Photograph taken facing downstream.

Project #: 14028a



Photo

7
Nov 28, 2014: Reach BC7, cross-section 5 at a pool.
Photograph taken facing downstream.
Photo
8

Nov 10, 2015: Reach BC7, cross-section 5 at a pool.
Photograph taken facing upstream.
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Photo

9
Nov 15, 2016: Reach BC7, cross-section 5 at a pool.
Photograph taken facing upstream.
Photo
10

Nov 11, 2014: Reach BC7, cross-section 4 at a riffle.
Photograph taken facing downstream.
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Photo

11
Nov 10, 2015: Reach BC7, cross-section 4 at a riffle.
Photograph taken facing downstream.
Photo
12

Nov 15, 2016: Reach BC7, cross-section 4 at a riffle.
Photograph taken facing downstream.
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Photo

13
Nov 21, 2014: Reach BC8 (downstream section), pool cross-section.
Photograph taken facing upstream.
Photo
14

Nov 10, 2015: Reach BC8 (downstream section), pool cross-section.
Photograph taken facing upstream.
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Photo

15
Nov 21, 2014: Reach BC8 (downstream section), riffle cross-section.
Photograph taken facing downstream.
Photo
16

Nov 10, 2015: Reach BC8 (downstream section), riffle cross-section.
Photograph taken facing downstream.
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Photo

17
Nov 15, 2016: Reach BC8 (downstream section).
Unable to access site due to construction. Photograph taken facing downstream.
Photo
18

Nov 26, 2014: Reach BC8 (upstream section), cross-section 2 at a pool.
Photograph taken facing upstream.
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Photo

19
Nov 9, 2015: Reach BC8 (upstream section), cross-section 2 at a pool.
Photograph taken facing upstream.
Photo
20

Nov 15, 2016: Reach BC8 (upstream section), cross-section 2 at a pool.
Photograph taken facing upstream.
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Photo

21
Nov 26, 2014: Reach BC8 (upstream section), cross-section 4 at a riffle.
Photograph taken facing upstream. No photo for July 3, 2015.
Photo
22

Nov 9, 2015: Reach BC8 (upstream section), cross-section 4 at a riffle.
Photograph taken facing downstream.
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Photo

23
Nov 15, 2016: Reach BC8 (upstream section), cross-section 4 at a riffle.
Photograph taken facing downstream.
Photo
24

Nov 27, 2014: Reach BC10, cross-section 1 at a riffle.
Photograph taken facing downstream.
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Photo

25
Nov 9, 2015: Reach BC10, cross-section 1 at a riffle.
Photograph taken facing downstream.
Photo
26

Nov 15, 2016: Reach BC10, cross-section 1 at a riffle.
Photograph taken facing upstream.
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Photo

27
Nov 27, 2014: Reach BC10, cross-section 2 at a pool.
Photograph taken facing downstream.
Photo
28

Nov 9, 2015: Reach BC10, cross-section 2 at a pool.
Photograph taken facing downstream.
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Photo
29

Nov 15, 2016: Reach BC10, cross-section 2 at a pool.
Photograph taken facing upstream.
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Detailed Geomorphological Assessment Summary

Project Number: 14028a Date: November 28, 2014
Client: Geranium Corporation Length Surveyed (m): 102.1
Location: BC7, Black Creek, Midhurst, ON # of Cross-Sections: 8

Reach Characteristics

Drainage Area:
Geology/Soils:

N/A
Glaciolacustrine deposits

Dominant Riparian Vegetation Type:
Extent of Riparian Cover:

Trees and shrubs
Continuous

Surrounding Land Use: Forest Width of Riparian Cover: >10 channel widths
Valley Type: Confined Age Class of Riparian Vegetation: Mature (>30 yrs)
Dominant Instream Vegetation Type: None Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: N/A Density of Woody Debris: Low
Hydrology
Measured Discharge (m3/s): 0.06 Calculated Bankfull Discharge (m3/s): 1.32
Modelled 2-year Discharge (m®/s): Not modelled Calculated Bankfull Velocity (m/s): 1.60
Modelled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 1.78 Sinuosity: 1.41
Channel Bed Gradient (%): 1.61 Meander Belt Width (m): Not measured
Riffle Gradient (%): 6.69 Radius of Curvature (m): Not measured
Riffle Length (m): 1.74 Meander Amplitude (m): Not measured
Riffle-Pool Spacing (m): 2.70 Meander wavelength (m): Not measured
Longitudinal Profile
Distance (m)
0 10 20 30 40 50 60 70 80 90 100
1.0 ‘ ‘ : ‘ : : : ‘ ‘ ,
1.5 1 * Water Level Bankfull Level
20 / ’
[ ) [ ]

Elevation (m)

25
Y [ ]
30 el %
Channel Bed Ran

35 -

Bank Characteristics
Minimum Maximum Average Minimum Maximum Average

Bank Height (m): 0.30 4.00 1.39
Bank Angle (deg): 30 90 59 Torvane Value (kg/cmz): Not measured
Root Depth (m): 0.10 2.00 0.63 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 10 100 67 Bank Material (range): Till, silt to small cobbles

Bank Undercut (m):

No undercuts
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Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 1.30 3.60 3.03
Average Bankfull Depth (m): 0.21 0.35 0.27
Bankfull Width/Depth (m/m): 4 16 12
Wetted Width (m): 1.10 2.20 1.91
Average Water Depth (m): 0.05 0.21 0.11
Wetted Width/Depth (m/m): 7 43 21
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.11 0.30 0.18
Manning's n: 0.035
Photograph of cross section 7 (looking downstream)
Representative Cross-Section 2
Distance (m)
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0
0.0
0.5
E 10
5 Bankfull Level o
® 15 ——
>
]
o *_;—___,/
2.0 S —
Water Level
25
Substrate Characteristics
Particle Size (mm) Subpavement: Till
Dio <2.0 Particle shape: Subrounded
Dso <2.0 Embeddedness (%): 20to 70
Dg4 32.0 Particle range (riffle): Medium sand to boulders
Particle Range (pool): Silt and sand, few small boulders
Cumulative Particle Size Distribution
100 —
90
80 e
70
@
£ 60
%= 50
€
o 40
g 30
& 20
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?): 47.51
for Dso: 2.26 Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,4: 0.97 Critical Shear Stress (Ds,) (N/m?): 145.68
Unit Stream Power at Bankfull (W/m?): 76.02

General Field Observations

Channel Description
This reach was steep and confined. The channel is in contact with the valley walls on both sides. The
continuous riparian vegetation consisted of mature trees. The average bankfull width and depth were 3.03 m
and 0.27 m, respectively. Riffle substrate consisted of medium sand to boulders. Pool substrate consisted of
silt and sand. A few small boulders were found in one pool. Recent slumping was observed at the valley wall

contact located at the upstream extent of the survey. Till was exposed in the bed and banks. There were
also two knickpoints with heights of approximately 0.25 m.

Cross Section 6 - Looking Downstream
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Detailed Geomorphological Assessment Summary

Project Number:

PN14028a

Date:

November 26, 2014

Client:

Geranium Corporation

Length Surveyed (m):

99.3

Location:

BC8, Black Creek, Midhurst, ON

# of Cross-Sections:

8

Reach Characteristics

Drainage Area: N/A Dominant Riparian Vegetation Type: Grasses and trees
Geology/Soils: Glaciolacustrine deposits Extent of Riparian Cover: Continuous
Surrounding Land Use: Forest Width of Riparian Cover: >10 channel widths
Valley Type: Confined Age Class of Riparian Vegetation: Mature (>30 yrs)
Dominant Instream Vegetation Type: Rooted submergent Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: 10% Density of Woody Debris: Moderate
Hydrology
Measured Discharge (m3/s): 0.06 Calculated Bankfull Discharge (m3/s): 1.90
Modelled 2-year Discharge (m3/s): Not modelled Calculated Bankfull Velocity (m/s): 1.72
Modelled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 1.66 Sinuosity: 1.50
Channel Bed Gradient (%): 1.28 Meander Belt Width (m): Not measured
Riffle Gradient (%): 1.90 Radius of Curvature (m): Not measured
Riffle Length (m): 1.26 Meander Amplitude (m): Not measured
Riffle-Pool Spacing (m): 3.83 Meander wavelength (m): Not measured

Longitudinal Profile

0.5 :

20

Distance (m)

50 60 70

80 90 100

1.0 4
15
2.0 A
2.5 A
3.0 -

Elevation (m)

/ Water Level

Channel Bed

J Bankfull Level

Bank Characteristics

Minimum
Bank Height (m): 0.30
Bank Angle (deg): 20
Root Depth (m): 0.10
Root Density (%): 10
Bank Undercut (m): 0.10

Maximum Average
0.60 0.41
90 59
0.50 0.26
100 62
0.19 0.03

Minimum

Torvane Value (kg/cmz):
Penetrometer Value (kg/cm?):
Bank Material (range):

Maximum Average
Not measured
Not measured
Clay to gravel
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Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 2.00 4.20 3.08
Average Bankfull Depth (m): 0.22 0.54 0.36
Bankfull Width/Depth (m/m): 4 17 10
Wetted Width (m): 0.80 3.00 1.73
Average Water Depth (m): 0.04 0.33 0.13
Wetted Width/Depth (m/m): 5 41 19
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.07 0.48 0.19
Manning's n: 0.038

Photograph at cross section 7 (looking downstream)
Representative Cross-Section 2

Distance (m)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
0.0

0.5

1.0 Bankfull Level

1.5 \ /
2.0 —
\_—_~ f
e —— '\ Water Level

2.5

Elevation (m)

3.0

3.5

Substrate Characteristics

Particle Size (mm) Subpavement: Coarse sand, gravel, cobbles
Djo : <2.00 Particle shape: Sub-rounded to sub-angular
Dsp @ 4.10 Embeddedness (%): 30 to 100
Dy : 90.00 Particle range (riffle): Coarse sand to boulders

Particle Range (pool): Sand to cobbles

Cumulative Particle Size Distribution

100

90 —

70 /

60

40
30
20
10

Percent finer

1 10 100 1000
Grain size (mm)
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Channel Thresholds

Flow Competency (m/s):

Tractive Force at Bankfull (N/m?): 58.63
for Dgo: 0.38 Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,: 1.14 Critical Shear Stress (Dso) (N/m?): 2.99
Unit Stream Power at Bankfull (W/m?): 100.57

General Field Observations

Channel Description
The reach was in a confined valley with mature riparian vegetation. The reach had a steep gradient, high
sinuosity, and consisted of well defined riffle-pool sequences. Average bankfull width and depth were 0.31 m
and 0.36 m, respectively. Bank material consisted of clay to gravel. Riffle substrate consisted of coarse sand
to boulders. Pool substrate consisted of sand to cobbles. Both leaning trees and woody debris were observed

in the channel and cutbank. Erosion and exposed roots were noted along both sides of the banks. Watercress
was present, indicating groundwater inputs.

Cross-Section 6 - Looking Downstream

Insert Photograph
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Detailed Geomorphological Assessment Summary

Project Number: PN14028a Date: November 27, 2014
Client: Geranium Corporation Length Surveyed (m): 89.3
Location: BC10, Black Creek, Midhurst, ON # of Cross-Sections: 8
Reach Characteristics
Drainage Area: N/A Dominant Riparian Vegetation Type: Grasses
Geology/Soils: Older alluvial deposits and till Extent of Riparian Cover: Continuous
Surrounding Land Use: Forest Width of Riparian Cover: >10 channel widths
Valley Type: Unconfined Age Class of Riparian Vegetation: Immature (<5 yrs)
Dominant Instream Vegetation Type: Rooted submergent Extent of Encroachment into Channel: Minimal
Portion of Reach with Vegetation: 20% Density of Woody Debris: Low
Hydrology
Measured Discharge (m3/s): 0.07 Calculated Bankfull Discharge (m3/s): 1.01
Modelled 2-year Discharge (m®/s): Not modelled Calculated Bankfull Velocity (m/s): 1.70
Modelled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 1.19 Sinuosity: 1.32
Channel Bed Gradient (%): 1.45 Meander Belt Width (m): Not measured
Riffle Gradient (%): 4.61 Radius of Curvature (m): Not measured
Riffle Length (m): 1.72 Meander Amplitude (m): Not measured
Riffle-Pool Spacing (m): 6.51 Meander wavelength (m): Not measured
Longitudinal Profile
Distance (m)
0 10 20 30 40 50 60 70 80 90
1.0 : : ‘ : : : : : ‘
Bankfull Level f
15 4
20 4 Water Level

25 -

Elevation (m)

35 -

Channel Bed

Bank Characteristics

Minimum Maximum Average Minimum Maximum Average
Bank Height (m): 0.2 1.00 0.38
Bank Angle (deg): 25 75 55 Torvane Value (kg/cmz): Not measured
Root Depth (m): 0.10 0.10 0.10 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 100 100 100 Bank Material (range): Clay to gravel
Bank Undercut (m): 0.00 0.10 0.01
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Cross-Sectional Characteristics

Bankfull Width (m):

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

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

0.0 1.0
0.0

Minimum

0.90
0.22
3
0.5
0.06
2

0.09

Maximum

3.60

0.50
12
2.6

0.22
31

Not measured
Not measured

0.28

0.030

Average
1.86
0.32

6
1.3
0.15
11

Photograph shows cross section 8 (looking upstream)

Representative Cross-Section 2

3.0

Distance (m)

4.0 5.0

6.0 7.0

0.5

1.0

15
2.0

Bankfull Level
\

X

2.5

Elevation (m)

3.0

N

35

Water Level

Substrate Characteristics

Particle Size (mm)

<2.00
2.00
45.30

Subpavement:
Particle shape:
Embeddedness (%):
Particle range (riffle):
Particle Range (pool):

Cumulative Particle Size Distribution

100
90

Coarse sand and bedrock
Sub-rounded

0 to 30

Coarse sand to boulders
Sand

80

70

60

50

40

30
20

Percent finer

10

10

100
Grain size (mm)

1000
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Channel Thresholds

Flow Competency (m/s): Tractive Force at Bankfull (N/m?): 37.23
for Dso: 0.27 Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,: 0.83 Critical Shear Stress (Dso) (N/m?): 1.46
Unit Stream Power at Bankfull (W/m?): 63.16

General Field Observations

Channel Description
The reach was in an unconfined valley with riparian vegetation consisting of grass. The reach had a
moderate gradient, high sinuosity, and consisted of riffle-pool sequences. Average bankfull width and depth
were 1.86 m and 0.32 m, respectively. Bank material consisted of clay to sand. Riffle substrate consisted of
coarse sand to boulders. Pool substrate consisted of mostly sand. Watercress was observed in the channel
indicating groundwater inputs. Banks were steep with little undercutting averaging 0.01 m. A knickpoint was

noted at the upstream section approximately 0.6 m high. Woody debris was observed at the downstream
extent of survey.

Cross-Section 1 - Looking Downstream

Insert Photograph
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Detailed Geomorphological Assessment Summary

Project Number:

PN14028a

Date:

December 22, 2014

Client:

Gernaium Corporation

Length Surveyed (m):

185.3

Location:

WC, Willow Creek, Midhurst, ON

# of Cross-Sections:

8

Reach Characteristics

Drainage Area:
Geology/Soils:
Surrounding Land Use:
Valley Type:

Dominant Instream Vegetation Type:

Portion of Reach with Vegetation:

N/A

Organic deposits
Pasture/forest
Unconfined
None
None

Dominant Riparian Vegetation Type:
Extent of Riparian Cover:

Width of Riparian Cover:

Age Class of Riparian Vegetation:

Extent of Encroachment into Channel:

Density of Woody Debris:

Grasses and few trees
Continuous

4 - 10 channel widths
Immature (<5 yrs)
None

None

Hydrology
Measured Discharge (m3/s): 2.81 Calculated Bankfull Discharge (m3/s): 13.90
Modelled 2-year Discharge (m?/s): Not modelled Calculated Bankfull Velocity (m/s): 0.78
Modelled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 0.10 Sinuosity: 1.18
Channel Bed Gradient (%): 0.04 Meander Belt Width (m): Not measured

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

N/A: no riffles
N/A: no riffles
N/A: no riffle-pool spacing

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

Meander wavelength (m):

Not measured
Not measured
Not measured

Longitudinal Profile

990 - JBankfull Level
—~ 985 ) ° ® ° ® ) °
£ 98.0 | Water Level
g 97.5 -
S 97.0
g 96.5 - _J\
3 .
o 96.0 7/,&_/%/\/\-—_/—-\
95.5 Channel Bed
95.0 T T T T T T T T T T T . . T T . )
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
Distance (m)
Bank Characteristics
Minimum Maximum Average Minimum  Maximum Average
Bank Height (m): 1.00 2.50 1.78
Bank Angle (deg): 45 60 52 Torvane Value (kg/cm?): Not measured
Root Depth (m): 0.05 0.05 0.05 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 75 85 78 Bank Material (range): Clay, silt, and sand

Bank Undercut (m):

No undercuts

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 9.33 16.93 12.00
Average Bankfull Depth (m): 1.25 1.77 1.49
Bankfull Width/Depth (m/m): 6 12 8
Wetted Width (m): 6.17 10.70 7.84
Average Water Depth (m): 0.70 0.98 0.82
Wetted Width/Depth (m/m): 8 15 10
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.83 1.31 1.05
Manning's n: 0.035

Photograph at cross section 1 (looking upstream)

Representative Cross-Section 1

101.0
100.5
100.0 \\
- 99.5
~ I
E 99.0 \\ Bankfull Level J/
c
g 985 —<C —2 -/
g 98.0 f
w 97.5 —
97.0 N\ ¥ J 4
96.5 \ Water Leve l
\_/
96.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Distance (m)
Substrate Characteristics
Particle Size (mm) Subpavement: Sand, gravel, and till
Dio : 0.150 Particle shape: Sub-rounded
Dsp : 0.310 Embeddedness (%): 90
Dgp : 0.550 Particle range (riffle): N/A
Particle Range (pool): Sand and gravel

Samples were
taken and
anaIBzed by
SHAD and
Assocites Inc.
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Channel Thresholds

Flow Competency (m/s):

for Dsq: N/A
for Dg,: N/A
Unit Stream Power at Bankfull (W/m?): 4.97

Tractive Force at Bankfull (N/m?):
Tractive Force at 2-year flow (N/m?):
Critical Shear Stress (Dso) (N/m?):

6.39
Not modelled
225.80

General Field Observations

Channel Description

This unconfined reach is downstream of Vespra Valley Road. The reach had a moderate sinusity and a low
gradient. There are new tree plantings but the dominant riparian vegetation are grasses. A few mature
trees and shrubs were observed along the left bank. The average bankfull width and depth are 12.0 and
1.5 m, respectively. Riffles were not observed in this reach; runs and pools were dominant. There were
two large pools at the meander bends. The bed consists mostly of sand with some gravel and exposed till.

Upstream View from Cross-section 4

Insert Photograph
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Detailed Geomorphological Assessment Summary

Project Number: PN14028a Date: December 8, 2014
Client: Geranium Corporation Length Surveyed (m): 181.0

Location: WC6, Willow Creek, Midhurst, ON # of Cross-Sections: 8

Reach Characteristics

Drainage Area: N/A Dominant Riparian Vegetation Type: Trees
Geology/Soils: Modern alluvial deposits Extent of Riparian Cover: Continuous

Surrounding Land Use: Forest

Width of Riparian Cover:

>10 channel widths

Valley Type: Partially confined Age Class of Riparian Vegetation: Mature (>30 yrs)
Dominant Instream Vegetation Type: None Extent of Encroachment into Channel: None
Portion of Reach with Vegetation: N/A Density of Woody Debris: Low
Hydrology
Measured Discharge (m3/s): 5.08 Calculated Bankfull Discharge (m3/s): 8.87
Modelled 2-year Discharge (m®/s): Not modelled Calculated Bankfull Velocity (m/s): 1.05
Modelled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics

Bankfull Gradient (%): 0.25 Sinuosity: 1.09

Channel Bed Gradient (%): 0.19 Meander Belt Width (m): Not measured

Riffle Gradient (%): 1.58 Radius of Curvature (m): Not measured

Riffle Length (m): 14.05 Meander Amplitude (m): Not measured

Riffle-Pool Spacing (m): 43.93 Meander wavelength (m): Not measured
Longitudinal Profile

Distance (m)
0 20 40 60 80 100 120 140 160 180
10 L L L L 1 L L L L
Water Level Bankfull Level
)
15 1 ° / ° o o o . .‘(

2.0 -

25 A
3.0

Elevation (m)

35 4

4.0 -

Channel Bed

Bank Characteristics

Minimum Maximum
Bank Height (m): 0.60 3.00
Bank Angle (deg): 5 90
Root Depth (m): 0.05 1.90
Root Density (%): 0 100
Bank Undercut (m): 0 0.4

Average Mi
1.60
65 Torvane Value (kg/cm?):
0.50 Penetrometer Value (kg/cm?®):
50 Bank Material (range):
0.04

nimum Maximum Average
Not measured
Not measured

Clay to small cobbles
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Cross-Sectional Characteristics

Bankfull Width (m):

Average Bankfull Depth (m):

Minimum

Bankfull Width/Depth (m/m):

Wetted Width (m):

Average Water Depth (m):

Wetted Width/Depth (m/m):

Entrenchment (m):

Entrenchment Ratio (m/m):
Maximum Water Depth (m):

Manning's n:

0.00
0.0

2.00

9.90
0.69
13
6.00
0.18
16

0.33

Maximum

13.20
0.83
16
9.28
0.59
34

Not measured

Not measured

4.00

0.77
0.040

Average
11.03

0.77
14
7.16
0.35
24

0.54

Photograph at cross section 5 (looking downstream)

Representative Cross-Section 2

Distance (m)
6.00 8.00

10.00 12.00

0.5

Valley Wall Contact

1o |\

Bankfull Level

Y

_____/\.=

Water Level

£ 15 \
g \
- .
% \
o 25
3.0
3.5

Substrate Characteristics

Particle Size (mm)

<2.0
32.0
155.0

Cumulative Particle Size Distribution

Subpavement:
Particle shape:
Embeddedness (%):
Particle range (riffle):
Particle Range (pool):

Sand and gravel
Sub-rounded to sub-angular
0 to 65

Coarse sand to boulders

Fine sand with a few boulders

100
90

80

70

60

50

40

30
20

Percent finer

10

10

100
Grain size (mm)

1000
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Channel Thresholds

Flow Competency (m/s):

Tractive Force at Bankfull (N/m?): 18.82
for Dso: 0.97 Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,: 1.72 Critical Shear Stress (Ds,) (N/m?): 23.31
Unit Stream Power at Bankfull (W/m?): 19.71

General Field Observations

Channel Description
The reach was in a confined valley and had a moderate sinuosity and gradient. The riparian vegetation was
continuous and consisted of trees. Average bankfull width and depth were 10.9 m and 0.94 m, respectively.
Bank material consisted of clay to small cobbles. Riffles substrate consisted of coarse sand to boulders. Pool
substrate consisted of fine sand with a few boulders. There were steep riffles, eroded banks, sand deposits,

and deep pools. There was a valley wall contact along the right bank at the upstream extent and the left
bank at the downstream extent of the survey.

Cross Section 6 - Looking Downstream
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Detailed Geomorphological Assessment Summary

Project Number:

PN14028a

Date:

May 28, 2015

Client: Geranium Corporation Length Surveyed (m): 207.2

Location: WC9, Willow Creek, Midhurst, ON # of Cross-Sections: 8

Reach Characteristics

Drainage Area: N/A Dominant Riparian Vegetation Type: Grasses
Geology/Soils: Organic deposits Extent of Riparian Cover: None

Surrounding Land Use: Forest Width of Riparian Cover: >10 channel widths
Valley Type: Unconfined Age Class of Riparian Vegetation: Immature (<5 yrs)

Dominant Instream Vegetation Type:

Portion of Reach with Vegetation:

Rooted submerged
25%

Extent of Encroachment into Channel:

Density of Woody Debris:

Moderate
Low

Hydrology
Measured Discharge (m3/s): 1.03 Calculated Bankfull Discharge (m?/s): 3.72
Modelled 2-year Discharge (m3/s): Not modelled Calculated Bankfull Velocity (m/s): 0.29
Modelled 2-year Velocity (m/s): Not modelled
Profile Characteristics Planform Characteristics
Bankfull Gradient (%): 0.02 Sinuosity: 1.11
Channel Bed Gradient (%): 0.09 Meander Belt Width (m): Not measured

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

N/A: no riffles
N/A: no riffles
N/A: no riffle-pool spacing

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

Meander wavelength (m):

Not measured
Not measured
Not measured

Longitudinal Profile

101.0
~ 1005 Bankfull Level
3 Water Level
T 1000 | o °
] [ ]
B 995 L e hd hd
3
2 90 7_\/W_\, W
i —
98.5 /
Channel Bed
98.0 . T . :
0 50 100 150 200
Distance (m)
Bank Characteristics
Minimum Maximum Average Minimum  Maximum Average
Bank Height (m): 0.73 0.97 0.85
Bank Angle (deg): 30 60 34 Torvane Value (kg/cmz): Not measured
Root Depth (m): 0.10 0.10 0.10 Penetrometer Value (kg/cm3): Not measured
Root Density (%): 80 80 80 Bank Material (range): Clay to sand

Bank Undercut (m):

No undercuts

GEO Morphix Ltd.
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Cross-Sectional Characteristics

Minimum Maximum Average
Bankfull Width (m): 18.07 25.16 21.87
Average Bankfull Depth (m): 0.52 0.78 0.60
Bankfull Width/Depth (m/m): 27 47 38
Wetted Width (m): 9.05 15.81 12.07
Average Water Depth (m): 0.46 0.69 0.54
Wetted Width/Depth (m/m): 19 30 22
Entrenchment (m): Not measured
Entrenchment Ratio (m/m): Not measured
Maximum Water Depth (m): 0.61 0.87 0.69
Manning's n: 0.035

Photograph at cross section 4 (looking at left bank)

Representative Cross-Section 1

101.0
100.5
E 100.0 Bankfullgil
c
g 995 N — S~ —
©
w ' N\ Water Level
98.5
98.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Distance (m)
Substrate Characteristics
Particle Size (mm) Subpavement: Organics
Dio : 0.003 Particle shape: N/A: fines only
Dsp : 0.060 Embeddedness (%): N/A: fines only
Dg4 & 0.320 Particle range (riffle): Silt, sand, and organics

Samples were
taken and
analyzed by
SHAD and
Assocites Inc.

Particle Range (pool):

Silt, sand, and organics

GEO Morphix Ltd.
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Channel Thresholds

Flow Competency (m/s):

Tractive Force at Bankfull (N/m?): 1.17
for Ds: 0.27 Tractive Force at 2-year flow (N/m?): Not modelled
for Dg,: 0.27 Critical Shear Stress (Dso) (N/m?): 1.46
Unit Stream Power at Bankfull (W/m?): 0.33

General Field Observations

Channel Description
The reach flowed through an unconfined wetland. The reach has a low sinusity and gradient. The riparian
area was wide and the vegetation consisted of mainly of grasses. Average bankfull width and depth were
21.87 m and 0.60 m, respectively. Bank material consisted of clay, silt, and sand. There was no riffle-pool
development. The reach consisted of a plain bed. Bed substrate consisted of silt, sand, and organics. The
bed material was soft especially near the banks. Little to no erosion was observed.

Cross Section 6 - Looking Downstream

Insert Photograph
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Figure

1
Reach WC: XS2 (Run)
Channel bed and bank extent at cross-section 2 for 2014 to 2016 site visits.
Figure
2

Reach WC: XS7 (Run)
Channel bed and bank extent at cross-section 7 for 2014 to 2016 site visits.
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Figure

3
Reach WC1: US (Pool)
Channel bed and bank extent at upstream cross-section for 2014 to 2016 site visits.
Figure
4

Reach WC1: DS (Run)
Channel bed and bank extent at downstream cross-section for 2014 to 2016 site visits.
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Figure

5
Reach WC3: DS (Riffle)
Channel bed and bank extent at downstream cross-section for 2014 to 2016 site visits.
Figure
6

Reach WC3: US (Pool)
Channel bed and bank extent at upstream cross-section for 2014 to 2016 site visits.
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Figure

7
Reach WC5: XS2 (Pool)
Channel bed and bankfull extent at cross-section 2 for 2014 to 2016 site visits.
Figure
8

Reach WC5: XS1 (Riffle)
Channel bed and bank extent at cross-section 1 for 2015 to 2016 site visits.
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Figure

9
Reach WC6: XS2 (Riffle)
Channel bed and bank extent at cross-section 2 for 2014 to 2016 site visits.
Figure
10

Reach WC6: XS5 (Pool)
Channel bed and bank extent at cross-section 5 for 2014 to 2016 site visits.
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Figure

11
Reach WC8: US (Pool)
Channel bed and bank extent at upstream cross-section for 2014 to 2016 site visits.
Figure
12

Reach WC8: DS (Run)
Channel bed and bank extent at downstream cross-section for 2014 to 2015 site visits.
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Figure
13

Reach WC8: DS (Run)
Channel bed and bank extent at downstream cross-section for 2016 site visits.
Cross-section was re-established due to missing rebar.
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Figure

1
Reach BC2: XS1 (Run)
Channel bed and bank extent at cross-section 1 for 2014 to 2016 site visits.
Figure
2

Reach BC2: XS2 (Pool)
Channel bed and bank extent at cross-section 2 for 2014 to 2016 site visits.
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Figure

3
Reach BC7: XS5 (Pool)
Channel bed and bank extent at cross-section 5 for 2014 to 2016 site visits.
Figure
4

Reach BC7: XS4 (Riffle)
Channel bed and bankl extent at cross-section 4 for 2014 to 2016 site visits.
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Figure

5
Reach BC8: D/S (Pool)
Channel bed and bank extent at downstream cross-section for 2014 to 2016 site visits.
Figure
6

Reach BC8: U/S (Riffle)
Channel bed and bank extent at upstream cross-section for 2014 to 2016 site visits.
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Figure

7
Reach BC8: XS2 (Pool)
Channel bed and bank extent at upstream cross-section for 2014 to 2016 site visits.
Figure
8

Reach BC8: XS4 (Riffle)
Channel bed and bank extent at downstream cross-section for 2014 to 2016 site visits.
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Figure

9
Reach BC10: XS1 (Riffle)
Channel bed and bank extent at cross-section 4 for 2014 to 2016 site visits.
Figure
10

Reach BC10: XS2 (Pool)
Channel bed and bank extent at cross-section 5 for 2014 to 2016 site visits.
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Exposed Pin Length (m)

Cross- Bank Pin : : Difference>* Activity
Seleln Fall 2014  °PMN9 g 2015 SPMNG 2016
Left Bank 0.20 0.22 0.20 0.22 0.23 -0.03 Erosion
XS 1
Right Bank 0.20 0.20 0.21 0.17 0.17 0.03 Deposition
BC2
Left Bank 0.20 0.22 0.17 0.27 0.27 -0.07 Erosion
XS 2
Right Bank 0.20 0.19 0.175 0.18 0.185 0.015 Deposition
Left Bank 0.20 0.275 0.26 0.24 0.25 -0.05 Erosion
XS 4
Right Bank 0.20 0.215 0.20 0.20 0.20 0.00 In transition
BC7
Left Bank 0.20 0.17 0.20 0.20 0.23 -0.03 Erosion
XS 5
Right Bank 0.20 0.23 0.19 0.17 0.18 0.02 Deposition
Left Bank 0.20 0.249 0.24 missing N/A -0.04 Erosion
BCS XS D/S - —
(down- Right Bank 0.20 0.217 0.20 0.18 N/A 0.02 Deposition
stream Left Bank 0.20 0.257 0.26 0.28 N/A -0.08 Erosion
section) | xs u/s
Right Bank 0.20 0.21 0.23 missing N/A -0.03 Erosion
Left Bank 0.20 0.034 missing missing missing 0.166 Deposition
BCS XS 2
(up- Right Bank 0.20 0.157 0.16 0.16 0.16 0.04 Deposition
stre_am Top of LB 0.20 0.331 missing missing missing -0.131 Erosion
section) XS 4
Bottom of LB 0.20 0.515 missing missing missing -0.315 Erosion
Left Bank 0.20 0.21 0.21 0.21 0.225 -0.025 Erosion
XS 1
Right Bank 0.20 0.17 0.165 0.17 0.17 0.03 Deposition
BC10
Left Bank 0.20 0.21 0.21 0.13 0.135 0.065 Deposition
XS 2
Right Bank 0.20 0.135 0.21 0.20 0.17 0.03 Deposition

*Difference is Fall 2014 - Fall 2016, if not applicable, first measurement - last measurement

N/M: not measured
N/A: No access due to construction




Exposed Pin Length (m)

Reach Cross- Difference™> Activity
section Spring Spring (m)
Fall 2014 ‘ 2015 Fall 2015 2016 Fall 2016
Left Bank 0.20 0.215 0.17 0.24 0.25 -0.05 Erosion
XS 2
Right Bank 0.20 0.205 0.20 0.28 0.28 -0.08 Erosion
wcC
Left Bank 0.20 0.20 0.175 0.18 0.20 0.00 Stable
XS 7
Right Bank 0.20 0.20 0.185 Not found 0.25 -0.05 Erosion
Left Bank 0.20 0.17 0.41 0.27 0.28 -0.08 Erosion
D/S XS
Right Bank 0.20 0.18 0.125 missing missing 0.075 Deposition
WC1
Left Bank 0.20 0.185 0.16 0.09 0.08 0.12 Deposition
U/S XS
Right Bank 0.20 0.082 0.07 0.23 0.23 -0.03 Erosion
Left Bank 0.20 0.254 0.26 0.45 0.46 -0.26 Erosion
D/S XS
Right Bank 0.20 0.238 0.21 0.23 0.22 -0.02 Erosion
WC3
Left Bank 0.20 0.352 0.45 0.47 0.87 -0.67 Erosion
U/S XS
Right Bank 0.20 0.457 0.28 0.35 0.26 -0.06 Erosion
Left Bank 0.20 0.197 0.20 0.19 0.20 0.00 Stable
XS 2
Right Bank 0.20 0.24 0.24 N/M 0.60 -0.40 Erosion
WC5
Left Bank 0.20 0.193 Removed Removed Removed 0.007 Deposition
XS 7
Right Bank 0.20 0.114 Removed Removed Removed 0.086 Deposition
Left Bank 0.20 0.216 0.22 0.18 0.19 0.01 Deposition
XS 2
Right Bank 0.20 0.27 0.315 0.38 0.40 -0.20 Erosion
WC6
Top of RB 0.20 0.193 0.20 0.34 0.48 -0.28 Erosion
XS 5
Bottom of RB 0.20 0.114 0.13 0.11 0.11 0.09 Deposition
Left Bank 0.20 N/M missing missing missing N/A N/A
D/S XS
Right Bank 0.20 N/M 0.18 0.21 0.19 0.01 Deposition
WC8
Left Bank 0.20 0.175 0.20 missing missing 0.00 In transition
U/S XS
Right Bank 0.20 missing missing missing missing N/A N/A

*Difference is Spring 2015 - Fall 20186, if not applicable last measurement - the most recent measurement
N/M: not measured
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Particle Size at the

Particle

Cross- Size Time of Assessment Activit
section Fall Spring Fall Spring y
D50 0.175 <2.000 0.250 TBD
XS 1
D84 0.575 <2.000 0.525 No Sample TBD
BC2* sample awaiting
D50 0.175 <2.000 0.250 taken analysis TBD
XS 2
D84 0.575 <2.000 0.525 TBD
D50 21.000 45.300 5.600 12.000 16.000 "? .
XS 4 transition
D84 250.000 | 160.000 | 70.000 | 120.000 | 120.000 "? .
BC7 transition
D50 0.340 1.000 <2.000 0.400* Sample TBD
XS 5 awaiting
D84 0.580 32.000 5.000 0.640* analysis TBD
D50 0.500 2.000 2.000 7.000 TBD
BCS XS D/S
(down- D84 1.000 44.000 22.000 50.000 No TBD
stream D50 20.000 | 39.000 | 11.000 | 45.000 | access TBD
section) XS U/S
D84 90.000 100.000 | 35.000 90.000 TBD
D50 <2.000 2.000 0.280 <2.000 Sample TBD
BCS XS 2 awaiting
( D84 <2.000 1.900 0.630 13.000 analysis TBD
up-
stre_am D50 32.000 22.600 11.300 25.000 25.000 Ir.' -
section) XS 4 transition
D84 120.000 99.000 38.000 72.000 68.000 Ir.' -
transition
D50 5.200 13.000 8.500 25.000 33.000 Coarser
XS 1
D84 25.000 40.000 35.000 60.000 80.000 Coarser
BC10
D50 0.490 0.425 0.275 <2.000 6.200 Coarser
XS 2
D84 1.150 0.700 1.600 14.000 17.000 Coarser

*composite sample results from grain size analysis
TBD - to be determined after analysis



Particle Size at the

Cross- Pasritzlgle Time of Assessment Activit
section Fall Sielglgle] Fall Spring y
D50 0.310 0.350 0.270 0.260 TBD
XS 2
D84 0.555 0.530 0.540 0.590 Sample TBD
WC* awaiting
D50 0.310 0.350 0.270 0.260 analysis TBD
XS 7
D84 0.555 0.530 0.540 0.590 TBD
D50 0.275 0.510 0.260 0.350 TBD
D/S XS
D84 0.200 0.340 0.180 1.150 Sample TBD
WC1* awaiting
D50 0.275 0.510 0.260 0.350 analysis TBD
U/S XS
D84 0.200 0.340 0.180 1.150 TBD
D50 0.425 0.400 0.520 TBD
D/S XS
D84 3.000 2.700 0.325 Sample Sample TBD
WC3* awaiting awaiting
D50 0.225 0.225 0.520 analysis analysis TBD
U/S XS
D84 0.345 0.340 0.325 TBD
D50 0.275 8.000 0.475 <2.000 Sample TBD
XS 2 awaiting
D84 0.450 26.000 0.325 33.000 analysis TBD
WC5 . : :
D50 | loes | oross- | cross /A
XS 1 section 7 | section 7 | section7 | RIP-rap Rip-rap
D84 N/A
removed | removed | removed
D50 64.000 120.000 15.000 75.000 51.000 tranlsriltion
XS 2
D84 120.000 225.000 80.000 150.000 225.000 tranls.ri]tion
WC6 n
D50 <2.000 2.000 <2.000 18.000 <2.000 transition
XS 5
D84 80.000 31.000 50.000 140.000 <2.000 tranls.ri]tion
D50 N/A: 0.350 0.375 No Similar
D/S XS could not sample
D84 sample, 9.500 0.630 taken No finer
WC8 water sample
D50 levels 0.850 2.000 2.000 taken Coarser
U/S XS beyond
D84 bankfull 13.500 15.000 50.000 Coarser

*composite sample results from grain size analysis
TBD - to be determined after analysis




Appendix L

Hydraulic Model for Black Creek
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VO2 Schematic — Floodplain Mapping — Fines Reach
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VO2 Schematic — Floodplain Mapping — Jones Reach
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HEC-RAS Plan: Plan 03 River: Tibutary to Will Reach: Jones Property  Profile: PF 1

Reach River Sta Profile Q Total MinChEl | W.S.Elev | CritW.S. | EG.Elev | EG.Slope | VelChnl FlowArea | TopWIidth | Froude# Chl
(m3/s) (m) (m) (m) (m) (mim) (mvs) (m2) (m)
Janes Property (1526 PF1 10.50 281.00 281.18 281.14 281.22 0.017944 124 15.63 86.70 0.92
Jones Property  |1474.5 PF1 10.50 280.00 280.15 280.15 280.22 0.022852 1.20 8.89 62.17 1.00
Jones Property  [1464.5 PF 1 10.50 279.50 279.84 279.86 279.96 0.028580 1.52 6.90 39.00 1.15
Jones Property 1389.5 PF1 10.50 278.50 279.22 278.85 279.24 0.001295 0.82 19.25 3841 0.31
Jones Property {1257 PF1 10.50 278.50 278.71 278.71 278.81 0.019663 143 8.29 45.03 0.99
Jones Property  11148.5 PF1 10.50 274.00 27447 274.70 27521 0.062694 4.31 3.93 12.79 2.01
Jones Property 1087.5 PF 1 10.50 273.10 273.53 273.53 273.65 0.020340 1.53 6.90 31.38 1.02
Jones Property (1038 PF1 10.50 270.70 27113 271.31 271.73 0.082444 347 327 15.46 2.11
Jones Property  [1000 PF1 10.50 270.50 270.85 270.85 270.99 0.016212 1.82 8.63 35.56 0.98




HEC-RAS Plan: Plan 03 River: Tibutary to Will Reach: Fines Property Profile: PF 1

Reach River Sta Profile Q Total MInChEl | WS.Elev | CritW.S E.G Elev | E.G. Slope Vel Chnt Flow Area | Top Widith | Froude # Cht
(m3/s) (m) (m) (m) (m) (m/m) (m's) (m2) (m)
Fines Property  |2261 PF 1 25.58 269.00 269.42 269.42 269.63 0.016548 2.00 12.82 31.91 1.01
Fines Properly  |2220 PF 1 25.58 267.85 268.53 268.59 266.90 0.018238 275 9.74 168.30 1.13
Fines Propedty  |21768 PF1 39.93 267.00 267.58 267.68 267.95 0.023309 3.05 15.75 38.43 1.27
Fines Property {2086 PF1 39.93 265.40 266.09 266.09 266.39 0.013373 246 16.84 28.92 0.98
Fines Property  |2000 PF 1 39.93 262.00 262.96 263.30 264.22 0.058841 5.59 9.35 24.99 2.09
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€% Hutchinson

Y Environmental Sciences Ltd.

1-5 Chancery Lane, Bracebridge, ON P1L 2E3 | 705-645-0021
www.environmentalsciences.ca

Memorandum

Date: August 13, 2018

To: Vimal Patel

From: Brent Parsons and Neil Hutchinson

Re: Midhurst Overall Drainage Study — Status Update — Aquatic Baseline

Please find below our response to the email correspondence provided by the Ainley Group on June 4, 2018.
We have addressed the comments on the Adaptive Management Plan. The Ainley Group commented:

To all,

We have recently received various requests from the group regarding the status of this project. Since we
have now completed the review of the geomorphology baseline study and the first Engineering submission
for the Midhurst Heights development, we provide the following on the status of some of the key outstanding
items for the Overall Drainage Study:

2.

Adaptive Management Plan: We have not received any comments from the NVCA regarding the
Aquatic baseline studies which were provided in January. As such, we assume that the parameters
tested are acceptable. However, we note that no continuous monitoring has occurred at this point,
which was originally requested by the NVCA. Similar to the geomorphology study, no impact
assessment has been provided with respect to the proposed development. This will be an
important part of the AMP since it will establish that the proposed infiltration and on-site quality
controls are sufficient to maintain water quality in the receiving watercourses. In addition, there
had been some discussion that MDG was to provide some examples of the AMP that was utilized
for the Friday Harbour project, so that we could advance the Overall Drainage Study sufficiently
without finalizing the AMP with respect to the details of the monitoring program. To complete this
task we will require the impact assessment portion of the aquatic study as well as the example
AMP so that we can review and discuss with the NVCA to ensure that it is acceptable. As
previously discussed the AMP will be developed as construction proceeds and based on the
monitoring results over time. At this stage, we do need to develop a preliminary framework for this
process so that it can be outlined in the Drainage Study.

Response — At this point we can speak only to the Monitoring and Adaptive Management Program as we
have not been made aware of Ainley’s or NVCA'’s requirements for the “impact assessment” portion of the
MDP. Please clarify the “impact assessment” comment that is now being requested.

Based on Ainley’s and NVCA'’s requirements, we have completed:

@

@

NVCA’s requirement for a phosphorus budget study and recommendations for “no net increase”
in phosphorus loading to Willow Creek from the combined management and discharge of storm
water and treated WWTP effluent,

The Final Assimilative Capacity Study and impact assessment for the discharge of treated WWTP
effluent, which was provided to Ainley and submitted as part of the Final ESR for the Class EA on

M13082018-J140054-BaselineStatusandimpactAssessment-final.docx



June 5, 2018.This material also included an impact assessment of the potential for changes in
temperature and water level relating to the use of groundwater for the Midhurst SPA municipal
water supply.

Baseline monitoring of the Midhurst Development areas was initiated by Gartner Lee Limited in 2008 to
characterize existing conditions in various watercourses that could be impacted by development associated
with the proposed Midhurst Secondary Plan. Building on the data collected in 2008, Hutchinson
Environmental Sciences Ltd. expanded the monitoring program and have collected baseline data annually
since 2014. Baseline sampling is ongoing in 2018. Sampling includes collection and interpretation of water
quality, flows, water levels, benthic invertebrates and fisheries at 12 sampling stations to characterise the
aquatic environment prior to any construction activity or stormwater management. Sampling includes real
time sampling and deployment of continuous water temperature, dissolved oxygen and level loggers to
characterize long term water quality and water level conditions. Sampling locations and period of sampling
include:

e 3 sampling locations in Matheson Creek (2015-2018),

e 3 sampling locations in an unnamed creek that drains to Little Lake from the Doran Development
Area (2008, 2014-2018),
2 sampling locations in Willow Creek within the Village of Midhurst (2015-2018)
4 sampling locations in Willow Creek in the vicinity of the proposed WWTP downstream of the
Village of Midhurst in 2008, 2009, 2013-2014, 2017-2018, and

e 4 sampling locations in a tributary to Black Creek that drains from the Carson Road Development
Area (2008, 2014-2018)

The dataset describes natural seasonal and inter-annual variation within the watercourses and provides
a robust description of baseline water quality and ecological condition for future assessment as part of the
Adaptive Monitoring and Management Plan during construction and post development. Baseline
monitoring reports were completed in early 2018 to characterize aquatic conditions in each of the 4
different watercourses under investigation using data current to the end of 2016. These were provided to
Ainley and have apparently been submitted to the NVCA by Ainley. These reports are currently being
updated with the 2017 data. After completion of baseline monitoring in 2018, all data will be used to
update the baseline monitoring reports and inform the Adaptive Monitoring and Management targets for
the MSP. At this point we will recommend targets to maintain water quality, flow and ecological indicators,
adaptive management triggers for specific parameters to ensure that the creeks remain within target
levels, construction and post-construction aquatic monitoring plans and associated mitigation measures
as part of the Adaptive Monitoring and Management Plan.

At this point we are preceding with the understanding that the development and associated measures will
protect the aquatic system. These include storm water management plans which will infiltrate the first
23mm of each precipitation event and other Best Management Practices for the development such as
stream setbacks and protection of sensitive areas, along with the high level of treatment proposed for
wastewater. The Ainley correspondence has requested “To complete this task we will require the impact
assessment portion of the aquatic study as well as the example AMP so that we can review and discuss
with the NVCA to ensure that it is acceptable.” As requested previously, a Draft Adaptive Management
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Monitoring Plan was prepared for the Midhurst Secondary Plan, based on the Friday Harbour
Environmental Monitoring Matrix and Marina Basin Monitoring and Adaptive Management Plan. This was
submitted to Ainley on October 30, 2015, June 26, 2017, and again on January 31, 2018. No comments
have been received to date by Ainley. We have appended a copy of the “Environmental Monitoring
Matrix” for the Midhurst SPA and “Marina Basin Monitoring and Adaptive Management Plan” for the
Friday Harbour Resort for reference. We recommend that any discussion with the NVCA not proceed
without our involvement and that any “impact assessment” not proceed without first meeting directly with
the Midhurst Development Group, NVCA and the Ainley Group to clarify the need for it and expectations
of its contents.

Attachments.
1. “Environmental Monitoring Matrix” and Site Map for the Midhurst SPA. This is current to
April 2015 and additional sites have been added since that time (there are now 18
surface water sites vs the 7 AMP sites described in the documentation. Details are
documented in the HESL Baseline Reports.
2. “Marina Basin Monitoring and Adaptive Management Plan” for the Friday Harbour Resort
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Midhurst Secondary Plan — Monitoring Requirements — Master Drainage Plan

Note: Location of all proposed monitoring equipment per attached figure, April 2015.

A. Rainfall
April 10, 2015
Monitoring Protocol Reporting Protocol .
SIS Methods Frequency/Timing Duration Content Reporting Period AL RCELOTE
Rainfall measured Initiated immediately Rainfall data to
. Rain Gauge Tipping | every 15 minutes on- and_thrc_)ughout t_he sup_port_SWM Pc_)nd, .
Rainfall monitoring duration | Infiltration, Nutrient N/A SCS/Crozier

Bucket

site. Downloaded
prior to reporting.

of the infiltration
practices.

and Geomorphology
monitoring.

B & D. Stormwater Management Facilities (incl. Pond Cooling Trenches)

April 10, 2015
Monitoring Protocol Reporting Protocol .
SIS Methods Frequency/Timing Duration Content Reporting Period AERI RCE DI
Initialized upon
Temperature stabilization of
Install temperature measured every 15 ultlmazgnsewgl Pond Report effect SWM
Temperature monitors at inlet and minutes on-site. P Pond has on Annually SCS/Crozier
. development) and
outlet of SWM Pond. | Downloaded prior to . temperature.
. associated
reporting. .
landscaping for a
period of 2 years.
Initialized upon
stabilization of Report on pond
. ultimate SWM Pond operation with
After significant (one per respect to blockage
Operation Visual Inspections rainfall events (10 P pect X ge, Annually SCS/Crozier
development) and erosion and
mm) . ;
associated vegetation
landscaping for a establishment.
period of 2 years.
Initialized upon
stabilization of
ultimate SWM Pond
. . Report performance
Level logger in main Logger to measure (one per of SWM Pond with
SWM Pond Cell to depth every 10 development) and respect to outlet rate
determine inlet minutes on-site. associated P Annually SCS/Crozier

Flow Monitoring

volumes and release
rates.

Downloaded prior to
reporting.

landscaping for a
period of 2 years after
upstream infiltration
practices are

operational.

and frequency as well
as volume relative to
design criteria.




C. Infiltration Facilities

April 10, 2015
Monitoring Protocol Reporting Protocol .
(ChlullE Methods Frequency/Timing Duration Content Reporting Period RERITIREERIRIE
Initiated once Report on

Flow Monitoring

Level logger in all
large municipal LID
installations.

Logger to measure
depth every 10
minutes on-site.

Downloaded prior to
reporting.

upstream area is
stabilized and LID is

operational for a

period of 2 years.

effectiveness of
LID’s with respect to
performance versus
design criteria.

Annually

SCS/Crozier

E. Downstream Watercourses

April 10, 2015
Monitoring Protocol Reporting Protocol .
SR Methods Frequency/Timing Duration Content Reporting Period AEEtREEpTElE
Install temperature Initialized upon
monitors upstream 1120 Up Report on effect SWM
stabilization of .
and downstream of Temperature ; Ponds have on in-situ
ultimate SWM Pond .
each proposed SWM | measured every 15 (one per creek temperatures in
Temperature Pond outlet within minutes on-site. P relation to background Annually Hutchinson/GeoMorphix
L . development) and .
receiving Downloaded prior to associated conditions and
watercourse (not reporting. landscaning for a requirements of resident
applicable to Willow eriod Opf 29 ears fish species.
Creek). P years.
. Ir_ntlallzed . Report on effect
S . immediately to obtain .
Visit sites during S . development has (if any)
. baseline information L
different flows to and continues for 2 on existing watercourses
Bank Erosion field-truth the As required. (Matheson, Black, Annually GeoMorphix

modelled erosion
thresholds.

years past 80% build-
out of first
development phase
for each watercourse.

Willow and tributary to
Willow) with respect to
bank erosion.




Water Quality

Field measurements
of water temperature,
pH, conductivity and
dissolved oxygen and

collection of water
samples for TP, TSS

and turbidity.

Flow measurements

during sample
collection.

Install level loggers

at surface water
sampling sites.

Monthly (May to
October)

Initialized
immediately to obtain
baseline information

and continues for 2
years past 80% build-
out of first
development phase
for each watercourse.

Report on effect
development has (if any)
on existing watercourses

(Matheson, Black,
Willow and tributary to
Willow) with respect to

TP, TSS & Turbidity.

Annually

Hutchinson

Benthic
Macroinvertebrate

Field collection
through fixed-time
kick-and-sweep
surveys following
OBBN protocol.

Annually (spring or
fall)

Initialized
immediately to obtain
baseline information

and continues for 2
years past 80% build-
out of first
development phase
for each watercourse.

Report on effect
development has (if any)
on existing watercourses

(Matheson, Black,
Willow and tributary to
Willow) with respect to

benthic habitat and
benthic invertebrate

composition as a

biomonitoring tool for
water and sediment
quality.

Annually

Hutchinson

Fish

Field collection
through fixed time
backpack
electrofishing
following OSAP
protocol.

Annually (late
summer)

Initialized
immediately to obtain
baseline information

and continues for 2
years past 80% build-
out of first
development phase
for each watercourse.

Report on effect
development has (if any)
on existing watercourses

(Matheson, Black,
Willow and tributary to
Willow) with respect to

fish assemblages and fish
habitat.

Annually

Hutchinson




Midhurst Adaptive Management Plan

10-Dec-14
Watercourse Monitoring
Water Quality * Benthics
Real Time (RT DO, pH, Air Water (Spring & Fish
Location Description Download (DY Flow |Conductivity, Turbidity Rain |Temperature|Temperature| Fall) (Annually)
AMP 1 Willow Creek at Vespra Valley Rd RT y y y y y
AMP 2 WSC Gauge at Golf Course Road RT y y y y y y y
AMP 3  [Aunt Maggies Tibutary at Gill Road RT y y y y y
Willow Creek at Willow Landing Road
AMP 4 Downstream of Storm Sewer Outlet RT y y y y Yy
AMP 5 Little Lake Tributary DS of Old Second RT y y y y y y y
AMP 6 Black Creek Downstream of Wilson Drive¢ RT y y y y y y y
Black Creek at Carson Road
AMP 7 Downstream of Outlets RT y y y y y
SWM Pond Monitoring
continuous | Benthics
Real Time (RTfontinuou event Air Water (Spring & Fish
Location Description Download (D Flow Phosphorus & TSS Rain |Temperature|Temperature| Fall) (Annually)
All All SWM Pond Outlets DL y Sampler y
Restoration Sites
Location Description Monitoring
Varies as per
maintenance Plan
All All Restoration Sites (minimum annually)
Groundwater Sites
Location Description Monitoring

To be determined

To be determined
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Appendix N

Nutrient Management

File: 213115
June 2020
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