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1.0 Introduction

1.1 Project Description

R.V. Anderson Associates Limited was retained by the Region of Peel (the
Region) to undertake a Schedule “B” Municipal Class Environmental Assessment
(EA) and preliminary design to assess low impact development (LID) and
drainage infrastructure improvements required for the roadside drainage ditches
and culvert crossings on Regional Road 50 (Highway 50) from Mayfield Road to
Healey Road. The Region has identified several driveway culverts that are failing
along Highway 50 from Mayfield Road to Healey Road (approximately 2.5 km)
within the Town of Caledon.

As part of the Class EA study, preliminary recommendations to improve
pedestrian and cyclist amenities (i.e., multi-use path (MUP) along the west side of
Regional Road 50 from Mayfield Road to Healey Road and a new sidewalk
between #12599 Regional Road (Highway) 50 and George Bolton Parkway have
also been included to support the Region’s ‘Sustainable Transportation Strategy’
(STS).

Highway 50 and Mayfield Road are located at the northeast corner of the City of
Brampton border. Highway 50 / Albion - Vaughan Road is the regional border
division between the Region to the west and the Regional Municipality of York
(York Region) to the east. It is also the municipal border division between the
City of Brampton to the west and the City of Vaughan to the east. Mayfield Road
is the municipal border division between the City of Brampton and the Town of
Caledon.

This Stormwater Management (SWM) report was undertaken in support of the
development of the alternatives and recommendations as identified through the
Class EA study and outlines the proposed storm drainage system consisting of
storm sewers, infiltration facilities, ditch inlets, oil grit separators, ditches, and
culvert replacements for Highway 50 from Mayfield Road to Healey Road.

1.2 Project Background

The subject study area is shown below in Figure 1.1 and is within the Humber
River Watershed (Main Humber River primary subwatershed). It is also located
within the Rainbow Creek subwatershed of the Humber River watershed. This
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watershed is managed by the Toronto and Region Conservation Authority
(TRCA). The Rainbow Creek subwatershed is drained by two watercourses –
Rainbow Creek and Robinson Creek. A Rainbow Creek tributary parallels the
study area and Robinson Creek crosses -Highway 50 at George Bolton Parkway.

Figure 1.1: Study Area

In late 1996, the driveway culverts identified by the Region were transferred from
the Ministry of Transportation (MTO) in “as is” condition. The Region is in the
process of improving the existing SWM / drainage along -Highway 50 to cater to
existing and future growth around the study area. Condition assessments were
completed by the Region for seventeen subject culverts in 2017. Furthermore,
the EA preferred alternative includes building a multi - use path (MUP) along the
west side of -Highway 50 and sidewalk on the east side of the corridor north of
George Bolton, to satisfy requirements for Active Transportation (AT).

The existing subcatchments on -Highway 50 were delineated based on the
information provided by TRCA, localized survey information, and from previous
studies as provided by the Region and the Town of Caledon. Current land uses
in the study catchments are primarily industrial paved areas.
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Potential permits and approvals necessary to complete the undertaking include
TRCA, Ministry of Natural Resources (MNR), Ministry of Tourism, Culture, and
Sport (MTCS), surrounding regional and municipal approvals, and utility
approvals or relocations.

The following reports and models were utilized as the basis for the SWM design:

 Ontario Ministry of the Environment (MECP) Stormwater Management
Planning and Design Manual, 2003

 LID Implementation Process for Regional Road Right - Of - Ways, 2014

 Development Standards, Policies & Guidelines, Town of Caledon, 2009

 Fluvial Geomorphology and Hydraulic Assessments, Highway 50 – Active
Transportation and Drainage Improvements, Environmental Assessment,
Matrix Solutions, 2021 (Draft)

 InfoWorks Model for Regional Road 50, Region of Peel, 2020

 Public Works Stormwater Design Criteria and Procedural Manual, Region
of Peel, 2019

 Stormwater Management Implementation Report, Bolton Gateway
Developments Inc., Town of Caledon, Region of Peel, C.F. Crozier &
Associates Inc., 2015

 Natural Heritage Report – Existing Conditions, Schedule B Class
Environmental Assessment (EA) and Preliminary Design for Drainage
Improvements of Regional Road 50 From Mayfield Road to Healey, Town
of Caledon, Region of Peel, LGL Limited, 2020

1.3 Purpose

The purpose of this report is to provide a SWM strategy that considers best
management practices, supports climate change requirements and meets
existing and future regulatory requirements in support of the Class EA. The SWM
strategy will support the EA study requirements by:

 Identifying the recommended drainage infrastructure improvements
required along Regional Road 50,
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 Identifying and addressing impacts related to the EA recommended MUP
along the west side of -Highway 50 and proposed sidewalk on the east
side of -Highway 50, north of George Bolton Parkway,

 Incorporating concerns from stakeholders and regulatory agencies.

Under existing conditions -Highway 50 is a fully urbanized five lane road.
Sidewalk exists intermittently along the west side of the road. Between Healey
Road and Hopcroft Road there are sidewalks on both sides. In the west
boulevard existing utilities including hydro poles, underground gas, bell, and
watermains are present. An existing sanitary sewer runs along the west side of -
Highway 50 until George Bolton Parkway, where it crosses and runs along the
east boulevard. Surrounding land use is commercial and industrial with a high
percentage of impervious cover. Road drainage is primarily conveyed by storm
sewers along the east side of the road, while ditches on either side of the road
convey predominantly external drainage. Existing sewers discharge directly to
Robinson Creek at George Bolton Parkway and Simona Drive. No quantity or
quality controls are provided for the existing road drainage.

Robinson Creek crosses -Highway 50 at George Bolton Parkway and flows east
behind several industrial lots, before flowing west back towards -Highway 50, and
flowing alongside the road in existing ditches for approximately 200 m. The
existing culverts along this section of -Highway 50 show signs of deterioration
and present a potential flood risk for surrounding properties. These culverts will
need to be replaced due to safety concerns and to improve drainage
flows. CCTV review of the existing sewers was not completed during the study as
this was outside the scope of this EA.

As part of the EA study recommendations, a MUP is proposed along the west
side of -Highway 50, which will widen and replace the existing sidewalk where it
exists. The proposed MUP is not expected to increase peak flows, as the overall
increase in impervious area is negligible compared to the existing roadway,
surrounding commercial lots and industrial lots. Due to the proposed alignment of
the MUP some existing ditches along the west side of -Highway 50 will be
replaced by storm sewers with ditch inlet catchbasins. The EA study has also
recommended a sidewalk on the east side of -Highway 50. The sidewalk ties in
with the existing sidewalk at the front of property #12599 and runs south to the
intersection of George Bolton Parkway and -Highway 50. This recommendation
was undertaken to address public concerns and pedestrian safety
considerations.
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2.0 Existing Site Conditions Characterization

2.1 Tributary Areas, Outlets, and Drainage Patterns

Catchment boundaries for the entire project area were put together through
information received from the Region, Town of Caledon, and existing hydraulic
assessment models. For the Highway 50 right-of-way, these areas were
confirmed through localized road survey.

2.2 Condition of Receiving Watercourses

Existing watercourses receiving drainage from Highway 50, Healey Road,
Mayfield Road and external areas within the project limits are located within the
Humber River watershed, as well as the Rainbow Creek and Robinson Creek
subwatersheds. These existing watercourses flow primarily across scattered
woody riparian cover.

Rainbow Creek and Robinson Creek are intermittent watercourses regarded as
warmwater habitat by the TRCA. However, the TRCA has indicated that all
watercourses within the study area currently have a Redside Dace timing window
(July 1st - September 15th).

2.3 Watercourse and Drainage Crossings

The existing storm drainage system of Highway 50 consists of roadside ditches
and culverts as shown on drawings enclosed in Appendix B. As previously
mentioned, the Region determined that a total of seventeen culverts require
improvements. RVA inspected all culverts within the corridor and identified a total
of twenty - one culverts that were deficient due to wear out of a total of thirty -
four culverts evaluated within the project study area. RVA suggests that in total,
twenty - three culverts may require improvements due to either wear or lack of
hydraulic capacity, and additional three culverts will require replacement due to
the proposed EA works. The existing information for the roadway culverts and
reason for replacement are summarized in Table 2.1 and Table 2.2 below.
Additional information regarding the existing culverts, include hydraulic capacity
and existing hydraulic results as available.

Existing culverts provided with simple ID illustrated in Map 1 and Map 2.
Additional maps with sewer ID numbers provided in Appendix D.
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Table 2.1: Existing Roadway Culvert List

Culvert
ID

Existing
Material and
Shape

Existing Diameter
/ Dimensions

Proposed
Replacement Proposed Size

Reason for Replacement

Wear Lack of
Capacity

Proposed
MUP/Sidewalk

1 Circular CSP 500 mm No Replacement Proposed

2 Circular CSP 750 mm Sewer 750mm DIA X

3 Circular CSP 750 mm Sewer 900mm DIA X X X

4 Circular CSP 900 mm Sewer 900mm DIA X

5 Circular CSP 750 mm Sewer 900mm DIA X X

6 Circular CSP 900 mm Sewer 900mm DIA X

7 Circular HDPE 500 mm Sewer 450mm DIA X

8 Circular CSP 900 mm Sewer 900mm DIA X X

9 Circular CSP 900 mm Sewer 900mm DIA X X
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Culvert
ID

Existing
Material and
Shape

Existing Diameter
/ Dimensions

Proposed
Replacement Proposed Size

Reason for Replacement

Wear Lack of
Capacity

Proposed
MUP/Sidewalk

10 Circular CSP 600 mm Sewer 900mm DIA X X X

11 Circular CSP 600 mm Sewer 750mm DIA X X X

12 Circular HDPE 825 mm Sewer 750mm DIA X X

13 Circular CASP 900 mm Sewer 900mm DIA X X

14 Circular CSP 900 mm Sewer 900mm DIA X X

15 Circular CSP 750 mm Sewer 900mm DIA X X

16 Circular CSP 900 mm Sewer 900mm DIA X

17 Circular HDPE 600 mm Box Culvert 1.8m x 1.2m
Box X X

18 Circular CSP 900 mm Box Culvert 1.8m x 1.2m
Box X

19 Concrete Box
1800 mm x
1200 mm

No Replacement Proposed
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Culvert
ID

Existing
Material and
Shape

Existing Diameter
/ Dimensions

Proposed
Replacement Proposed Size

Reason for Replacement

Wear Lack of
Capacity

Proposed
MUP/Sidewalk

20 Circular CSP 600 mm Sewer 450mm DIA X X

21 Circular CSP 500 mm Sewer 450mm DIA X X

23 Steet Arch
Plate 450 mm New Culvert 450mm DIA X

24 Circular CSP 525 mm New Culvert 525mm DIA X

25 Circular CSP 600 mm New Culvert 600mm DIA X

26 Circular CSP 600 mm No Replacement Proposed

27 Steet Arch
Plate

2900 mm x
1900 mm

No Replacement Proposed as this culvert is beyond Region ROW

28 Steet Arch
Plate

2260 mm x
1660 mm

Box Culvert 3.0m x 1.5m
Box X

29 Steet Arch
Plate

2060 mm x
1450 mm

Box Culvert 3.0m x 1.5m
Box X X

30 Concrete Box 975 mm x 600 mm Box Culvert 0.9m x 0.6m
Box X
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Culvert
ID

Existing
Material and
Shape

Existing Diameter
/ Dimensions

Proposed
Replacement Proposed Size

Reason for Replacement

Wear Lack of
Capacity

Proposed
MUP/Sidewalk

31 Steet Arch
Plate

2270 mm x
1600 mm

Box Culvert 3.0m x 1.5m
Box X X

32 Concrete Box 525 mm Sewer 900mm DIA X X

33 Circular CSP 450 mm Sewer 375mm DIA Replaced as part of Regional
50/Mayfield Road widening works

34 Concrete Box
4500 mm x
1450 mm

No Replacement Proposed

35 Concrete Box
4500 mm x
1700 mm

No Replacement Proposed
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Table 2.2: Existing Roadway Culvert Details

Culvert
ID U/S Invert D/S Invert

Existing
Length
(m)

Existing
Capacity
(m3/s)

Peak Flow
(m3/s)
10-year 100-year

1 246.068 244.622 90.4 0.478 0.2 0.208

2 244.853 244.72 65.5 0.502 0.486 0.779

3 244.31 244 92.6 0.644 0.486 0.787

4 243.022 242.887 47.2 0.969 0.486 0.789

5 242.399 241.796 27.7 1.644 0.482 0.788

6 241.668 240.816 111.9 1.58 0.483 0.789

7 239.03 238.781 44.2 1.077 Unavailable

8 240.733 240.5 10.9 2.651 0.482 0.789

9 240.5 240.35 34.9 1.188 0.482 0.788

10 240.15 240.024 22.1 0.463 0.48 0.787

11 236.823 236.73 23.2 0.389 Unavailable

12 238.469 238.336 72.4 0.615 Unavailable

13 239.801 239.61 19.8 1.779 0.48 0.787

14 239.305 238.672 43.1 2.195 0.479 0.788

15 237.763 237.685 26.1 0.608 0.479 0.788

16 236.79 236.34 17.2 2.932 0.476 0.785
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Culvert
ID U/S Invert D/S Invert

Existing
Length
(m)

Existing
Capacity
(m3/s)

Peak Flow
(m3/s)
10-year 100-year

17 236.763 236.688 15.1 0.47 1.83 7.9

18 236.008 235.825 36.6 1.387 1.8 1.8

19 235.825 235.654 34.2 5.948 1.8 1.8

20 236.823 236.73 23.2 0.389 0.046 0.076

21 236.566 236.505 17.9 0.22 0.077 0.126

23 235.65 235.19 35.2 0.326 Unavailable

24 234.744 234.381 18.8 0.597 Unavailable

25 234.112 233.966 9.1 0.78 Unavailable

26 233.56 233.2 40.1 0.671 Unavailable

27 231.178 231.142 16.7 5.052 5.47 5.47

28 230.408 230.2 23.5 6.393 5.47 5.47

29 230.15 230.06 24.1 3.02 5.47 5.47

30 230.223 230 30.4 1.254 0.453 0.758

31 229.3 229.26 17.2 3.093 5.84 5.84

32 229.745 228.708 103.3 0.4 0.404 0.404

33 228.659 228.328 25.6 0.324 0.073 0.109

34 226.7 226.52 19 24.208 5.84 9.03

35 226.29 226.13 19.8 38.336 5.84 9.03
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2.4 Soil and Groundwater Conditions

Below the existing road surface, the general subsurface soils within the project
area consist of fill material (sand and gravel, sand, gravelly sand, silty sand,
sandy silt, silt, clayey silt, and silty clay). The fill layer extends to depths ranging
from 0.6 m to 3.3 m below the ground surface.

Groundwater levels in the monitoring wells were measured by Thurber
Engineering Ltd. between May 26, 2020, and August 24, 2020. The range of
water level elevations in the monitoring wells were from 223.65 m to 243.67 m.
The groundwater levels indicated that shallow groundwater flows follow local
topography from northwest to southeast towards the tributary of Humber River.
Hydraulic conductivity values were obtained through a series of slug tests carried
out at some of the boreholes within the study area. The estimated hydraulic
conductivity values range from 1.10 x 10 - 8 m / s to 9.80 x 10 - 10 m / s.

Guelph Permeameter testing was also carried out at nine locations along the
grass boulevards on the west side of Highway 50. An infiltration rate was
estimated by measuring the change in water level in the Guelph Permeameter
reservoir once a steady state was reached. The infiltration rate was estimated to
be in the range from 43 mm / hr to 101 mm / hr.

The subsurface information is described in detail within the hydrogeological
report titled ‘Preliminary Design for Drainage Improvements Regional Road
Highway 50 from Mayfield Road to Healey Road’ prepared by Thurber
Engineering Ltd. dated October 2020.

2.5 Significant Natural Features

A Natural Heritage Report on existing conditions has been prepared by LGL
Limited dated December 2020. The report indicated that the Land Information
Ontario (LIO) and the Humber River Fisheries Management Plan has identified
Robinson Creek as ‘Small Riverine Warmwater’ fish habitat. Brook Stickleback
(Culea inconstans) and Creek Chuck (Semotilus atromaculatus) have been
identified south of the study area. These two fish are a tolerant warmwater
species.
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The study area consists of naturalized vegetation communities of Dry - Moist Old
Field Meadow (CUM1 - 1) and Mineral Shallow Marsh (MAS2 - 1 and MAS).
These communities consist of high proportion of non - native and tolerant plant
species. These plant species are well adopted to survive in areas that are
regularly disturbed and subjected to high light conditions. During LGL’s botanical
investigation no plant species that are regulated under the Ontario Endangered
Species Act (ESA) or the Canada Species at Risk Act were encountered.

The report also indicated that the wildlife species identified within the study area
are tolerant of anthropogenic features and disturbance. During LGL’s
investigation, ten birds were recorded that are protected under the Migratory
Birds Convention Act (MBCA) and a single bird species is protected under the
Fish and Wildlife Conservation Act (FWCA). In total there were eighteen wildlife
species recorded within the study area. However, none of the wildlife species are
regulated under the Ontario Endangered Species Act, 2007 (ESA) or the federal
Species at Risk Act (SARA). Furthermore, LGL reviewed the National Heritage
Information Center database (MNRF 2020) for rare species records, but the
study area contains no element occurrences for wildlife species at risk.

LGL limited is currently working on the second phase of the Natural Heritage
Report which will indicate if the proposed condition impacts the natural heritage
within the study area.
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3.0 Stormwater Objectives
3.1 Water Quantity

The objective of the SWM report for drainage infrastructure improvements on -
Highway 50 from Mayfield Road to Healey Road is to assess the EA
recommended solutions that will address the following:

 Ensure no increased risk of flooding to downstream properties and /
or infrastructure.
 Design any proposed sewer to convey 10 - year return period storm
runoff.
 Where applicable, promote infiltration within the road right - of -
way.

Best management practices (BMP) were utilized when evaluating the proposed
LID measures. No road widening is proposed as part of this project and no
significant increase in impervious area is proposed, relative to the contributing
drainage area. No specific quantity control measures are proposed as no
increase in peak flows is anticipated due to the proposed construction of
sidewalk and MUP.

3.2 Water Quality, Erosion, and Sediment Control

The objective for water quality and erosion and sediment control for this project is
to provide best efforts to treat stormwater runoff from Highway 50. A combination
of different Low Impact Development (LID) techniques to provide a basic level
treatment (60% Total Suspended Solids (TSS) removal) are proposed. To improve
water quality in the postcondition Oil Grit Separators (OGS), bioretention facilities,
and catch basin shields were included in the study recommendations. No
significant increase in impervious area is proposed as part of the EA design and
therefore no increase in peak flows is anticipated. Additionally, since the increase
in imperviousness is negligible in the postcondition, the TSS loading is
approximately the same as precondition. LID measures are proposed to provide
an improvement over existing condition only.

The MECP is in the process of issuing a Stormwater CLI ECA to the Region of
Peel. The Stormwater CLI ECA covers storm assets servicing regional roads,
namely storm sewers, ditches, SWM facilities and LID, and Stormwater Pumping
Stations. The Stormwater CLI ECA sets forth conditions for alterations to the
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stormwater system as well as ongoing operation of the system. The ECA comes
with criteria for design of alterations to the Region’s existing stormwater system.

At the time of completion of the EA study, the CLI ECA template and criteria were
not available, therefore the EA recommendations do not guarantee compliance with
the CLI ECA conditions and criteria. It is recommended that at the Detailed Design
Stage, the Engineering Consultant re-assess the EA recommendations against the
CLI ECA criteria and make the necessary adjustments and changes to the
stormwater recommendations to comply

3.3 Water Balance

Water balance was not considered to be an objective for this project. Since no
road widening is proposed along -Highway 50 from Mayfield Road to Healey
Road, there is a negligible increase in the percent of impervious surface in the
postcondition as compared to the precondition.

The Stormwater CLI ECA issued by MECP to the Region of Peel covers regional
stormwater infrastructure and assets. Conditions set forth by the Stormwater CLI
ECA establish design criteria for existing Region of Peel stormwater system
alterations and operations. completed prior to availability of the CLI ECA
template and criteria, the Highway 50 EA and preliminary design for drainage
improvement recommendations require verification to ensure compliance
requirements with criteria and conditions are satisfied. The Engineering
Consultant awarded for the Detailed Design Stage is required to measure the
recommendations provided from the Highway 50 Environmental Assessment
preliminary design and based on provided guidelines from MECP determine if
any updates are necessary for compliance.
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4.0 Model Build Process – Hydraulic Modelling
An InfoWorks model was created to model the creek, ditches, culverts, and
sewers to assess the existing drainage conditions of -Highway 50. The creek,
ditch and culvert information were obtained from the TRCA’s HEC - RAS model
updated by Matrix Solutions Inc. The HEC - RAS model also included design
flows for the creek. In addition, an InfoWorks model was also obtained from the
Region. This InfoWorks model consisted of partial road subcatchment data as
well as design storm and sewer information.

The InfoWorks model that was created by RVA combined the information
obtained from the updated HEC - RAS and the existing InfoWorks models. Two
scenarios were created in the RVA InfoWorks model for assessment: (1) the
existing / precondition, and (2) the EA recommended condition. The following
sections describe in detail how the RVA InfoWorks model was developed.

4.1 Design Storm

The design storm used in this project was obtained through the Region’s
InfoWorks Model. The design storm was developed using the Chicago
Distribution storm for a duration of four hours using a five -minute time step. All
sewers and roadside culverts were designed to convey the 10 - year design
storm event. A 100 - year storm event was also modelled and run to understand
the effect of flooding, if any, within the -Highway 50 right - of - way.

4.2 Existing Condition Scenario

The existing condition was built in InfoWorks using two main sources: HEC - RAS
and InfoWorks models, from the TRCA and the Region, respectively. The profile
data of the creek was imported into InfoWorks by using the cross - section data
from HEC - RAS. The inverts of the channels were assigned based on the cross -
section inverts of the HEC - RAS model. In general, the creek has several culverts
that allow conveyance. The information for these culverts was also imported as
per the HEC - RAS model.

The Region’s InfoWorks model did not include open profile roadside diches.
Instead, the existing roadside ditches were modelled in a simplified manner as
1000 mm diameter circular pipes running along Highway 50. To be able to
accurately capture the drainage capacity RVA used topographic survey data to
model all the roadside ditches with their respective open profiles
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To the north of Healey Road there is a railway track that crosses Highway 50.
The ditches along the railway track west of Highway 50 and the external drainage
area draining to those ditches, were added to the Region’s InfoWorks model
since they contribute runoff and flows into the study area. Flows from these
additional drainage areas contribute to the west side road ditch and enter the
Robinson Creek culvert at George Bolton Parkway.

RVA performed an onsite investigation to determine the approximate external
drainage areas that drain to these ditches and included them in the InfoWorks
model. Since limited information about the outside drainage areas was available,
runoff surface area parameters, such as imperviousness and runoff factors, were
estimated. Flows from these areas were limited to a maximum runoff value into
the west side ditch based on available rail crossing culvert capacity (750 mm
diameter culvert, pfc = 1.08 m3 / s, restricted 1 - year flows to approximately 500 l
/ s peak flow). This estimate was made based on the assumption that the rail line
should not flood for a 10 - year design storm. Figure 4.1 below show the extent of
the described external drainage area.

Figure 4.1: External Drainage Area That Contributes into Study Area

A large culvert crossing exists at the intersection of George Bolton Road and
Highway 50. Map 3 and Map 4 below show the drainage / culvert alignment. The
flows from Robinson Creek enter a 600 mm diameter PVC storm sewer (EX
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Culvert #17) and merge after 15 m with a 900 mm diameter CSP pipe (EX Culvert
#18), that conveys additional flow from the west side of Highway 50 ditch
drainage towards an 1800 mm x 1200 mm rectangular box culvert (EX Culvert
#19) that crosses beneath Highway 50. The box culvert outlets into an online
pond on the east side of Highway 50 and continues its flow path further as
Robinson Creek.

A site investigation was also carried out to understand the online pond’s drainage
condition. The site investigation revealed that the inlet of the wet pond has a
significant amount of silt and debris accumulated which causes a tail water
condition and permanent submergence within the 1800 mm x 1200 mm
rectangular box culvert (EX Culvert #19). The outlet of the pond was also
observed to be approximately 0.5 m higher than the inlet of the wet pond which
leads to the silt and debris built up and standing water in the culvert.  RVA has
added into the hydraulic model a storage node on the southwest corner (west of
Esso Gas station) of George Bolton Parkway and Highway 50. This floodplain
storage was added based on the observations made on the site to represent
available floodplain storage flood volume that would be activated during the 100-
year storm scenario. This storage would fill up and slowly raise the water
elevation before reaching a level where Highway 50 would be overtopped. Figure
4.2 below shows the described 1800 mm x 1200 mm  rectangular box culvert
alignment.

Figure 4. 2.2: Existing Drainage Configuration at George Bolton Parkway
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The road overtopping is predicted in the existing scenario model due to the
applied steady peak flows from Robinson Creek. Such an overtopping scenario
has not been reported from historic observations and this would depend greatly
on the duration of an experienced extreme storm event and the upstream
associated catchment wetting and runoff parameters.

4.3 EA Recommendations / Proposed Condition Scenario

The preferred solution to address active transportation (AT) enhancements as
identified through the EA study includes the implementation of a MUP along the
west side of the corridor and a sidewalk along the east side of Highway 50 north
of George Bolton Parkway. In support of the recommended AT amenities, the
preferred drainage infrastructure improvements include infiltration trenches and
bioretention facilities on the west side of Highway 50 and culvert upsizing where
hydraulic restrictions exist along the east side the corridor. Proposed conditions
are illustrated in Map 3 and Map 4.

Bioretention facilities include bioswales and bioswale boxes. All three of these LID
techniques were placed in locations, based on their implementation feasibility and
hydrogeologic soil conditions. These features were modelled with infiltration rates
that matched the test results taken from the locations considered.

Bioswales are proposed on the west side ditch section RR - WD - 27.1 to RR -
WD - 28.1 and RR - WD - 29.1 to RR - WD - 30.1. Within the bioswales, check
dams are recommended to create a cascading system for runoff to flow along.
This effect will decrease the runoff velocity and utilize the storage volume of the
bioswale to promote settling. The cascading system of check dams will ensure
adequate infiltration within the proposed bioswales. A bioswale box is proposed
south of the Simona Drive and Highway 50 intersection. This bioswale box is
modelled with a depth of 1 m and a 201.60 m2 surface area. An OGS is also
proposed at the west side of Highway 50, north of and the Mayfield Road
intersection.

Existing and proposed condition maps including sewer upgrades and new sewer
ID  numbers are included in Appendix D.
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4.3.1 Recommended Sidewalk on East Side of -Highway 50 (North of -
Highway 50 and George Bolton Parkway)

As part EA process, an approximately 400 m long sidewalk on the east side of
Highway 50 is recommended. The sidewalk starts at the front of the property
#12559 Highway 50 and ends at the intersection of Highway 50 and George
Bolton Parkway. There are currently roadside ditches in place of the proposed
sidewalk alignment. These ditches convey external drainage area flow into the
Robinson Creek. Due to the sidewalk construction, the roadside ditches are
proposed to be filled and a storm sewer system is proposed to convey the 10-
year storm flow without surcharge and the 100-year storm flow without flooding.
The design of the storm sewer system is subject to conditions of the forthcoming
CLI ECA.

North of Highway 50 and George Bolton Parkway intersection there are multiple
catch basins that capture 10-year road drainage flow from Highway 50 and
convey these into the existing 825 mm diameter storm sewer system. The existing
storm sewer system conveys the road drainage flows into the Robinson Creek,
outletting at Highway 50 and George Bolton Parkway intersection into the online
pond. It is important to note that the existing 825 mm diameter storm sewer
system does currently not convey any external drainage area other than the road
drainage.

As such, a parallel storm sewer system is recommended, ranging from 450 mm
to 825 mm diameter to connect to the existing 825 mm diameter storm sewer
system. From the connection point of the new storm sewer with the existing 825
mm diameter storm sewer, approximately 181 m of 825 mm diameter pipes need
to be upgraded to 1050 mm to 1200 mm diameter to be able to convey the added
flows without surcharge during a 10-year storm event into the pond. This pipe
upgrade ensures that only one outfall into the pond will remain. All road
catchbasins currently connected to the existing storm maintenance holes will be
kept as per current drainage arrangement.

The extent of the external drainage area and the proposed and the existing storm
sewer system are shown in Figure 4.3.
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4.3.2 Culvert Crossing at -Highway 50 and George Bolton Parkway

Due to anticipated high peak flows in Robinson Creek, the existing 600 mm / 900
mm diameter inlet pipes are insufficient to convey the proposed flows and require
upsizing. The existing box culvert #19 crossing (1800 mm x 1200 mm) has an
available full pipe capacity of approximately 5.95 m3 / s and can convey the 10-
year design storm flow without flooding or overtopping the road. However, due to
the upstream pipe capacity limitations, the current model scenario shows road
overtopping.

Based on the available HEC - RAS flows, the road crossing is proposed to be
enhanced with a consistent 1800 mm x 1200 mm box culvert crossing along the
existing pipe alignment. Figure 4.4 shows the proposed culverts at the George
Bolton Parkway and -Highway 50 intersection.

Figure 4.33: External Drainage Area & Proposed Storm Sewer System (North of -
Highway 50 & George Bolton intersection)

RVA carried out a site investigation to understand the hydraulic situation and
condition of the online pond into which the existing 1800 mm x 1200 mm box
culvert outlets. It is proposed to remove the debris and silt built up at the inlet of
the online pond. To avoid future built up at the inlet again, it is also proposed to
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lower the outlet of the online pond by approximately 0.5 m. Figure 4.5 shows the
online wet pond and proposed maintenance required to mitigate tailwater
condition at the existing 1800 mm x 1200 mm box culvert.

In order the validate the provided flows, RVA has analyzed flow monitoring and
rain gauge data at the inlet of the online pond. The results and discussion of this
analysis is provided in Section 8.0.

4.3.3 Flooding Complaints at # 12207 -Highway 50

During the study’s public consultation period, a flooding complaint was received
pertaining to property # 12207 -Highway 50. The problem was described as
backyard property flooding due to high water levels in Robinson Creek. Robinson
Creek turns away from the roadside and flows around the backyard of this
property before realigning back to the east side of -Highway 50.

Figure 4.44: Creek Bypass Enhancements at George Bolton and -Highway 50
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Figure 4.55: Proposed Maintenance at online wet pond

In relation to the flooding report, the property owner mentioned a former roadside
ditch to the front of his property had provided flood relief and a creek bypass, but
this was replaced by the Region with a 525 mm diameter sewer (EX Culvert #32)
to fill the ditch. In addition, directly opposite this flooding issue, a recent
residential development was created with a Storm Water Management (SWM)
pond with a controlled discharge point directly into the creek.

RVA undertook site investigation works to better understand the flooding
mechanism and reviewed the SWM report and drawings of the pond to
understand the discharge flow rate from the pond to the creek. The SWM pond is
proposed to discharge at 0.18 m3 / s and 0.34 m3 / s for 10 - year and 100 - year,
respectively. Compared to the HEC - RAS flows in the creek of 5.57 m3 / s and
8.62 m3 / s for 10 - year and 100 - year, respectively, the proposed SWM pond
discharge rates are negligible. Excerpts from the SWM report have been
attached in Appendix A. As such, it can be understood that the flooding at #
12207 -Highway 50 is not due to the discharge rate from the SWM pond. Figure
4.6 illustrates Robinson Creek, the flood property, and the creek bypass channel.
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Figure 4.66: Robinson Creek, Flood Property and Creek Bypass Channel

RVA has designed increased capacity for flooding relief of this property. The
bypass level between the creek and the relief pipe was adjusted as well as the
relief pipe being upsized from 525 mm diameter to 900 mm diameter.

4.3.4 Proposed Culvert Upgrades

The following in Table 4.1 lists details of proposed culverts to be upgraded due
to existing lack of capacity. Note that this list does not include existing culvert that
are to be replaced by sewers due to the proposed MUP or sidewalk. Maps
including sewer upgrades and new sewer ID  numbers are included in Appendix
D.
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Table 4.1: Proposed Culvert Sizes and Shapes

Crossing
Number EX Culvert #

Existing Diameter /
Dimensions

Proposed
Material and
Shape

Proposed Diameter /
Dimensions

2223.44 - 2.1 17  600 mm Dia.  Concrete Box 1800 mm x 1200 mm

2223.44 - 3.1 18 900 mm Dia. Concrete Box 1800 mm x 1200 mm

2223.25 - 2.1 28 2260 mm x 1660 mm Concrete Box 3000 mm x 1500 mm

2223.22 - 2.1 29 2060 mm x 1450 mm Concrete Box 3000 mm x 1500 mm

2223.19 - 2.1 31 2270 mm x 1600 mm Concrete Box 3000 mm x 1500 mm

RR - ED - 38.1

32

525 mm Dia. Concrete 900 mm

RR - ED - 39.1 525 mm Dia. Concrete 900 mm

RR - ED - 40.1 525 mm Dia. Concrete 900 mm

RR - ED - 41.1 525 mm Dia.  Concrete  900 mm
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5.0 Model Results
5.1 Existing Condition Scenario Results

The existing condition scenario was tested for a 10 - year storm and a 100 - year
storm event to analyze the effects of a design storm and a major storm on the
culverts along Highway 50.

The results indicate that under a 10 - year storm the culverts under George
Bolton Parkway and Highway 50 flood. The existing culverts at this intersection
are a 600 mm diameter PVC pipe (EX Culvert #17), which is connected to a 900
mm diameter CSP culvert (EX Culvert #18). The 900 mm diameter pipe connects
to an 1800 mm x 1200 mm concrete box culvert (EX Culvert #19) that crosses
Highway 50 and outlets into the online pond. Robinson Creek flows through this
pipe/culvert arrangement. Based on the existing conditions InfoWorks model
results, there is overtopping of the road to a depth of 230 mm and 311 mm under
10-year and 100-year storm conditions respective. Figure 5.1 represents the
culverts under the George Bolton Parkway and Highway 50 intersection. Based
on TRCA’s HEC - RAS model, the 10 - year flow at the intersection is 5.10 m3 / s
and the InfoWorks model predicts hydraulic restrictions due to the small culverts
(600 mm and 900mm) under the intersection.

Figure 5. 1: George Bolton Parkway and -Highway 50 Intersection Culverts
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At location further south near Parr Boulevard, a flooding complaint was received
during the public consultation meeting. The complaint is related to property #
12207 Highway 50. Hydraulic details were added and analyzed in the existing
model.

The hydraulic situation around this property can be explained as follows.
Robinson Creek departs from the Highway 50 road alignment and runs around
the property. Between the property and Highway 50, a former roadside ditch, that
acted as flow relief to bypass high flows in Robinson Creek was filled and
replaced with a 525 mm diameter sewer, (EX Culvert #32), of lesser conveyance
capacity. Compared with the former drainage situation, the water level in the
creek rises due to decreased relief capacity from the replaced ditch sections with
525 mm diameter storm sewers. The water level in the adjacent creek section
ranges from 230.25 m to 229 m for the 10-year storm flows and 230.5 m to 229
m for the 100-year storm flows. Since the property elevation is within 230 m to
231 m, RVA can confirm that a flood risk currently exists at property # 12207
Highway 50. This flood risk might have been increased due to the filling of the
ditch and replacement with a 525 mm diameter sewer which provides less flow
capacity and flow relief than the previously existing ditch sections. In addition, the
existing 525 mm storm sewers surcharge during a 10 - year storm event.

For a section of Robinson Creek that is located upstream of the above-described
flood complaint property, the following hydraulic capacity restrictions exist. There
are three culverts, (EX Culvert #28, #29, #31) that run along Highway 50 that
show hydraulic restrictions to convey the 100 - year storm flows. All three
culverts are steel arch plate with sizes 2060 mm x 1450 mm, 2260 mm x 1660 m
and 2270 mm x 1600 mm respectively. Figure 5.2 highlights the three culverts
that show hydraulic restrictions in the existing condition.

The InfoWorks model output results are presented in Appendix B.

5.2 EA Recommended / Proposed Condition Scenario Results

The EA recommended condition scenario was set up to analyze the proposed
drainage infrastructure improvements within the -Highway 50 corridor. LID design
elements were also proposed and were integrated into the model to promote
sustainable drainage features. The proposed condition model performs well
under the established 10 - year design storm scenario and does not show any
culvert capacity restrictions along the study area section for Robinson Creek and
Rainbow Creek. The roadside drainage features that consist of ditches, pipes,



EA and Preliminary Design for Drainage Improvements of Highway 50
Stormwater Management Report

Page 28

swales, and infiltration trenches / chambers are all performing as expected and
within their capacity limits.

Under the 10 - year design storm, all the proposed culverts under the George
Bolton Parkway and -Highway 50 intersection convey the 10 - year flows without
ponding or overtopping the intersection. Under the 100-year design storm the
InfoWorks model predicts a ponding depth of 123 mm at the intersection. This
represents a ponding depth reduction of approximately 100 mm from the existing
condition. Since the predicted flow depth over the road depends on the width of
the spill path and is difficult to properly quantify with a one-dimensional model,
the result is an approximate value that is based on best available topographic
data. Since no historic overtopping at the road was observed for the existing
conditions and the proposed pipe upgrades show a significant improvement in
drainage conditions, the likelihood of actual road overtopping to occur is very
limited.

Figure 5.23: Culverts on -Highway 50 and Parr Boulevard Showing Hydraulic
Restrictions Under 100 - year flows

Further considerations are made with regards to peak flows in Robinson Creek
under section 8 of this report. Several meetings were held with the TRCA on the
peak flow prediction of Robinson Creek and the current presented peak flows
represent already a reduction, compared with original supplied hydrologic data.
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Further flow measurements during observed rainfall events in 2021 were
undertaken to relate measured flows and try to upscale and compare them to the
current predicted peak flows, since it is  observed that the predicted peak flows
might be excessive and overpredict current conditions.

The 525 mm CSP sewers at the front of property # 12207 Highway 50 are
upsized to 900 mm concrete sewers in the proposed condition. The model
predicts that since the sewer capacity has been increased, the flow in the creek
decreases in the post condition compared to the precondition. The proposed 900
mm concrete sewers also do not surcharge during a 100 - year storm event.  The
Table 5.1 below summarizes the pre and post flows of the creek at the back of #
12207 Highway 50.

Table 5.1: Creek Flow Comparison (at back of # 12207 -Highway 50)

The three culverts near Parr Boulevard and Highway 50 also show no hydraulic
restriction or flooding during a 100 - year storm event. It is important to note that
these proposed concrete box culverts of size 3000 mm x 1500 mm operate at 60-
90% capacity during the 100 - year storm event.

The InfoWorks model output results for the proposed condition scenario are
presented in Appendix B.

Cross - Section
Number

Existing
(10 - Year)
(m3 / s)

Proposed
(10 - Year)
(m3 / s)

Existing
(100 - year)
(m3 / s)

Proposed
(100 - year)
(m3 / s)

2223.16 - 1.1 5.57 4.72 8.63 7.68

2223.15 - 1.1 5.57 4.72 8.63 7.68

2223.14 - 1.1 5.57 4.72 8.63 7.68
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6.0 SWM and LID Features Plan and Design
6.1 Evaluation and Selection of Candidate Features

In support of the evaluation process that was undertaken as part of the Class EA
study, the Region’s LID Implementation Process for Regional Road Right - of –
Ways was utilized in developing the most applicable Low Impact Development
(LID) technique(s) for this project. Based on a thorough review of available
information and evaluation against all relevant criteria during the EA process, it
was determined that a combination of underground storage elements combined
with infiltration elements and Oil and Grit Separator (OGS) units were feasible
options for this study area.

Table 6.1 below indicates the opportunities and constraints for each of the
applicable LID techniques relevant to Regional Roads within the Region.

Table 6.1: LID Practice Analysis

Project Type LID Practice Constraint / Opportunity

Regional
Road Works
(Urban)

Stormwater
Management
(SWM) Pond

Constraint
- Space is not available within the road

right - of - way.
- The adjacent properties within the

project area are either farmlands or
developed sites.

- To meet the Region’s SWM initiative,
multiple SWM ponds will be required
at each existing culvert.

- Buying a large amount of property to
build SWM ponds is not an
economical solution.

Bioretention
Facilities –
Bioswales and
Bioswale Box

Opportunity
- Can be designed with overflow

capacity and can provide surface
conveyance for flows.

- Water retention can be designed
above the capacity for the filtration
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Project Type LID Practice Constraint / Opportunity

Regional
Road Works
(Urban)

Bioswales and
Bioswale Box

element to account for emergency
overflows.

- Higher costs for soil remediation and
maintenance.

Permeable
Pavement

Constraint
- Permeable surfaces can be provided

along the MUP.
- Runoff water from boulevard is

relatively clean and from a small
area.

- If provided along the MUP, periodic
cleaning is required to maintain
drainage properties.

- No costs associated with property
requirements.

- Higher maintenance costs to
maintain permeability.

- Will not meet the drainage
requirements due to capacity
restrictions.

Oil / Grit
Separator Units
(OGS)

Opportunity
- OGS units can be used due to their

smaller footprint and treatment
design flexibility for treatment area
size.

- OGS units need to be designed as
part of a multi component approach
to achieve water quality treatment
targets.

Superpipe
Storage

Constraint
- Shallow outlet points will not allow

water to drain completely. Larger
pipes will require the proposed road
profile to be raised.
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Project Type LID Practice Constraint / Opportunity

Regional
Road Works
(Urban)

- Does not provide the quality controls
that the Region and other agencies
are looking for.

Infiltration
Trenches

Opportunity
- Underground storage / infiltration

arches such as those manufactured
by Terrafix, Stormtech or Cultec can
be used to detain and infiltrate
stormwater.

- Can be used underneath pavement.
- Clean out manholes provide the

opportunity to clean out sediment
without removal or any pavement.

Enhanced
Roadside
Ditches

Constraint
- Not compatible with adjacent land

use.
- Enhanced swale would require

significant adjacent property.
- Not practical within the -Highway 50

corridor due to constant water flows
and large storm flows.

- Significant property required to widen
ditches for enhanced swales.

Catchbasin
Capture Devices
/ Catchbasin
Shields

Opportunity
- Does not impact existing flow

capture and conveyance.
- Provides some treatment benefits by

removing larger TSS particles at
catchbasin locations.

- Compatible with adjacent land use.
- No cost associated with property

requirement.
- Standard maintenance costs

anticipated.
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As indicated above, the selected feasible LID techniques that are recommended
for incorporation in the SWM Design for -Highway 50 from Healey Road to
Mayfield Rd are:

 Oil / Grit Separator Units (OGS)
 Bioretention Facilities
 Infiltration Trenches
 Catchbasin Capture Devices / Catchbasin Shields
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7.0 Drainage Plan and Design

7.1 Minor System Design

The minor drainage system consists of storm sewers, roadside ditches, and
driveway culverts. The systems were designed to convey the 10 - year storm
event for the -Highway 50 subcatchments and external contributing drainage
areas.

7.2 Major System Design

The major drainage system consists of the minor drainage system and the
overland flow routes which convey excess runoff above the minor drainage
system’s capacity. The major drainage system was designed to convey the peak
runoff flow from the 100 - year storm events.

7.3 Monitoring and Maintenance

To allow the stormwater maintenance facilities to function properly, the following
monitoring and maintenance program is recommended by the MECP and TRCA
guidelines.

The storm drainage systems should be maintained at regular intervals by
inspecting and cleaning the sumps of catchbasins and maintenance holes as well
as the OGS structures. In addition, infiltration trenches should be flushed out and
any collected sediment should be removed via vacuum truck. The following
sections describe the operations and maintenance requirement for each type of
LID systems proposed within the study area.

7.3.1 Oil / Grit Separator (OGS)

With regards to monitoring and maintenance Imbrium System’s OGS manual
was reviewed. However, in the detailed design stage any OGS that is approved
and equivalent to Imbrium System’s OGS can be used. The manual by Imbrium
System suggests that the inspection of the EFO® filter units should be carried
out over the first year on a regular basis to inspect and assess sediment
accumulation. Inspection in subsequent years should be based on the inspection
schedule established based on the results on the first year. It is also important to
note that the inspections should be performed immediately after oil, fuel or other
chemical spills that take place within the area and drain to the OGS.
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Task of inspection includes the removal of manhole covers, inspection of
sediment buildup using a sediment probe with bulb valve or sludge judge, and an
oil dipstick for oil inspection. The remaining tasks are primarily visual. Inspection
and assessment of the unit performance can be logged using the sample
maintenance logs provided in the EF Owner’s manual.  A copy of the owner’s
manual is attached in Appendix C.

7.3.2 Catchbasin Capture Devices / Catchbasin Shields

A Catchbasin Shield Operation manual was reviewed as part of this report.
Inspecting a Catchbasin Shield should be done by opening the grate and then
attaching a lifting rope to the top of the centered leg of the Catchbasin Shield
insert. A Sludge Judge should be used to measure the sediment depth in four to
six locations of the sump. The unit is recommended to be cleaned if the sediment
depth is 300 mm – 600 mm. A copy of the owner’s manual is attached in
Appendix C.

7.3.3 Bioretention Facilities: Bioswales and Bioswale Box

Based on the ‘Low Impact Development Stormwater Management Planning and
Design Guide: Version 1.0,’ developed by the Credit Valley Conservation (CVC)
and TRCA, the proposed bioswales and bioswale box need to be maintained to
ensure that the infiltration and water quality benefits are preserved. At the
bioretention facility locations, routine roadside ditch maintenance practices to be
avoided are scraping and regrading. In addition, vehicles should not be parked or
driven on the bioswales and bioswale boxes. If routine mowing takes place, then
it should be carried out using the lightest possible mowing equipment to prevent
soil compaction.

After every major storm event (> 25 mm) and quarterly for the first two years the
vegetation density needs to be inspected to ensure at least 80 % coverage
exists, to observe if vegetation has been damaged due to foot or vehicular traffic,
as well as, for channelization and accumulation of debris, waste, or sediment.
After two years inspections are required twice annually. Monitoring wells should
be installed within bioswale boxes to facilitate the inspection of water levels
within the engineering soil layers and storage layers and confirm infiltration rates
of the underlying soils.
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At least twice annually during the first two years the proposed bioswales and
bioswale box need to be regularly watered while vegetation is becoming
established. The bioswales need to be mowed to ensure the height is between
75 mm to 150 mm.

Annually the proposed bioswales and bioswale box need to be inspected for
dead vegetation, invasive growth, dethatching, thatching, and aerating. Dead
vegetation needs to be replaced. Also, any erosion must be repaired. If the
sediment within the bioretention facilities exceeds 25 mm depth, then it must be
removed when dry.

7.3.4 Infiltration Trenches (Stormtech)

Maintenance hole inspections should be carried out to observe if trash, debris, or
pipe blockages have occurred. Inspection ports should also be installed with
infiltration trenches. Observations of sediment levels though the inspection ports
should be completed as part of regular inspections. More thorough inspection
should be conducted if vacuuming and removal of sediment or nondraining water
are required. During the first two years of operation, inspections should be made
after every significant storm event (> 25 mm) to ensure proper functioning. On an
average about four inspections are required every year for the first two years.

After the first two years, the infiltration trenches should be inspected on a regular
basis, typically twice per year, and maintained as required. The maintenance
frequency should be based on site specific characteristics and driven by the
amount of runoff and pollutant loading encountered by the system. Typically,
maintenance intervals for the proposed infiltration trenches would be 5 years.
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8.0 Flow Monitoring and Rain Gauge Data Analysis

Meetings were held with TRCA and Peel Region to discuss the perceived
overprediction of the peak flows in Robinson Creek that are based on the TRCA’s
HEC-Ras model. The reason for this observation was, that flows at the road
intersection of George Bolton Parkway and Highway 50 were predicted to overtop
the road even in 5-year and 10-year storm events and the creek peak flows did
exceed the available culvert conveyance capacity. No such observations were
made in the past and no flood complaints exists for this road section or the creek.

TRCA agreed to reduce the duration of the design storm to lessen the peak
design flows for the creek. In addition, it was agreed between Peel Region and
RVA to conduct further flow monitoring to gain a better understanding of the creek
flow response to rainfall events. The results of the flow monitoring were
extrapolated to determine the accuracy of the predicted flows based on the
hydrology analysis provided by TRCA and if further reduction in anticipated peak
flows was warranted. For this purpose, Advanced Monitoring Group (AMG)
Environmental installed a flow monitor and rain gauge at the Highway 50 and
George Bolton Parkway intersection. The flow monitor and the rain gauge were
installed at the outlet of the existing 1800 mm x 1200 mm rectangular box culvert
on April 20, 2021. RVA has obtained and analyzed flow monitoring and rain
gauge data between April 20, 2021, and July 31, 2021. The monitored data was
measured under a 5-minute timestep.

The monitored data analysis revealed that there were four (4) significant rainfall
events that happened during the monitored period. For this analysis, any flow
recorded below 200 L/s was considered to be insignificant. The four (4)
significant rainfall events occurred twice in July and once in September and
October. The peak flow ranged from 200 L/s to 652 L/s. The most significant
peak flow was observed in the month of July. The below graph, Figure 8.1,
shows the recorded flow data and rainfall data between the period July 6, 2021,
20:50 to July 8, 2021, 16:00 (2 rain events).

During the period in July, two independent rainfall events occurred. The first
rainfall event produced a volume of 10.16 mm with a peak intensity
of30.48mm/hr. As there was no previous rainfall event, the flow monitor
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recorded approximately 150 L/s from the drainage area. However, the
second rainfall of 21.34 mm of volume and a peak intensity of 45.72 mm/hr
produced approximately 652 L/s of peak flow. The significantly increased
peak flow of 652 L/s is due to the already saturated soil conditions because
of the previous rainfall approximately 5 hours before. The saturated ground
conditions resulted in increased runoff and reduced time to peak.

In October 2021, there was also a significant rainfall that was captured by the rain
gauge. Figure 8.2 illustrates the measured rainfall and the flow response from the
drainage area. The graph shows that there was a 23.37 mm rainfall that occurred
with an intensity of 36.58 mm/hr. The duration of the rain event was approximately
4 hours. The peak flow that was recorded during this event was approximately
460 L/s. Due to the leading dry period before this rainfall, the peak flows from this
rainfall event are lower than the July event. The TRCA has revised the HEC-RAS
flows, since RVA’s previous SWM brief for this project, by changing the design
storms from 6-Hour AES to 12-Hour AES. Email correspondence with TRCA is
attached in Appendix A. The 12-Hour AES rainfall volume is approximately 42mm.
The peak flow calculate by the TRCA model was 3.11 m3/s for this rainfall
volume. Based on collected rainfall data an approximately equivalent 2-year storm
event was recorded by RVA between September 22, 2021, 10:25 AM and
September 22, 2021, 22:45 PM. During this period a total rainfall volume of 41.66
mm was recorded with a peak intensity of 42.67 mm/hr.

The resulting recorded peak flow for this rainfall event was only ~375 L/s, nearly
10% of the anticipated peak flow based on the TRCA model. Figure 8.3 below
shows the accumulated rainfall (total depth) and observed flow under an
approximately 12-hour storm duration. Based on this observation and the flow
results from the smaller storms described above the TRCA estimated peak flows
are appeared to be over estimated.  This over estimation of the peak flow is likely
a result of the high-level, lumped catchment, model approach utilized in the
TRCA hydrology model which is typical for a watershed level analysis. A more
discretized model, with additional routing and surface and lot level storages
accounted for would likely result in lower peak flows. Such an analysis is outside
the scope of this project and  at this time the revised TRCA flows have been used
for analysis purposed with the understanding that they represent a very
conservative approach.
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Figure 8.1: Measured Rainfall and Flow Data on July 6th – 8th
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Figure 8.2: Measured Rainfall and Flow Data on October 3rd
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Figure 8.3: 12-Hour Rainfall and Measured Flow Data During September 22, 2021
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9.0 Recommendations, Approval and Review
Requirements
The proposed SWM measures outlined in this report have been developed in
support of the recommendations developed though the Class EA planning and
design process. The recommended infrastructure upgrades outlined in this
document are expected to perform without flooding with the current TRCA’s
provided flows. Although it should be noted that based on the flow monitoring
and rain gauge data analysis, RVA finds the flows provided by TRCA to be
overestimated. However, the proposed culvert upgrades on -Highway 50 and
George Bolton Parkway are sized adequately to perform under a 10-year without
overtopping and during 100-year with an approximately 123 mm ponding with the
TRCA provided flows.

The Stormwater Management (SWM) Report is subject to review and approval
from the following regulatory agencies:

 The Region of Peel

 Toronto and Region Conservation Authority (TRCA)

 Town of Caledon

 Ministry of Environment, Conservation and Parks (MECP)

 Public interest groups and stakeholders

The implementation of the recommended storm drainage systems described
within this report has been developed in support of the EA recommendations and
will control the site’s runoff in accordance with the Region and TRCA.

Report Prepared By:

R.V. Anderson Associates Limited

Sadman Soumik, MASc., EIT Oliver Olberg
Engineer-in-Training, Hydraulic Modeler Manager of Hydraulic Modelling



Appendix A

Background Information
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northwesterly, away from RR50, into the industrialized area bound by RR50, George Bolton Parkway, 
Nixon Road, and McEwan Drive West. 

2 EXISTING CONDITIONS 

2.1 Field Investigations and Background 
A detailed topographic survey of the watercourse corridor was completed by the Project Team and 
provided to Matrix in May 2020. During the same time period, a request for historic record drawings was 
submitted. Applicable record drawings provided to the Matrix team are available in Appendix B.  
Also during this time period, a request for a historic record of operations/maintenance issues relative to 
Matrix’s study focus was circulated to the Project Team and Owner. Of note, no response to this item was 
provided. 

To ascertain the Matrix team of the current in-field conditions, Matrix Staff performed a site walk on 
September 9, 2020 with a focus to review and document the existing conditions of the watercourse, with 
a focus on the eight culvert structures identified, below. Detailed crossing sheets and photologs were 
prepared by Matrix for each structure to document the structure size, orientation, type, channel 
approach/departure characteristics etc. Matrix Structure Crossing Sheets and Photologs are available in 
Appendix C and D respectively. Of note, although Matrix fieldwork provides general commentary on 
structure condition, the intention of Matrix appraisals is focused on culvert and channel characteristics; 
not a detailed condition assessment of the culvert structures. 

As a significant portion of the watercourse is within, or interacts with, private property, several 
Permissions to Enter were obtained prior to mobilization of the site reconnaissance. Also provided prior 
to the site reconnaissance was structure condition appraisals completed by Region of Peel Staff. Notably, 
not all culvert structures within this study were appraised. Condition appraisals are available in 
Appendix E. 

2.2 Culvert 1 
Culvert 1 is located in proximity to the intersection of RR50 and George Bolton Parkway, conveying 
watercourse flows under RR50 from west to east via a buried culvert/sewer network. 

The upstream end is comprised of two protruding culvert barrels; one oriented westerly to convey 
approaching watercourse flows (Culvert 1) and one oriented northerly to convey approaching roadside 
ditch flows (Culvert 1A). Culvert 1 is a 600 mm dia. High Density Polyethylene (HDPE) pipe with vegetated 
embankments and no formalized end treatment (Figure 1). Culvert 1A is a 900 mm Corrugated Steel Pipe 
(CSP) with riprap stone embankments and no formalized end treatment (Figure 2).  
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FIGURE 1 Culvert 1 Upstream End 

 
FIGURE 2 Culvert 1A Upstream End 

The downstream end is a single span cast in place concrete box culvert. The culvert was significantly 
backwatered and silted-in at the time of the site visit, but it is presumed to be an open bottom structure 
with span of 1.88 m and rise of 1.05 m (Figure 3, Figure 4).  

The adjacent vacant property upstream of Culvert 1/1A is situated in a low-lying orientation with little 
freeboard from the normal water levels of the upstream channel. Notably, at the time of the site visit it 
was visually evident that utility locates, and small tracked equipment had accessed the site (possibly for a 
geotechnical investigation) indicating planning for future improvements. The downstream end has riprap 
stone embankments and no formalized end treatments; discharging directly to a heavily vegetated online 
pond (see Section 2.9.1). 

 
FIGURE 2 Culvert 1 Downstream End 

 
FIGURE 3 Culvert 1 Downstream End 

From a review of available record drawings, it is presumed the culvert system is comprised of a series of 
historic extensions/enclosures, likely to facilitate roadwork and adjacent private development. 
A perpendicular box culvert crossing of RR50 extends from the downstream end to a large maintenance 
hole structure located at the projection of the RR50 west curb-line at the centreline of George Bolton 
Parkway. Notably, this large maintenance hole structure is also a point of connection for urban 
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stormwater from George Bolton Parkway. From this point the culvert system extends northerly in a single 
barrel piped system to a maintenance hole located immediately south of the Esso Entrance, behind the 
RR50 west curb-line. From this maintenance hole, the dual barrel arrangement extends north of the Esso 
Station Entrance to the open culvert upstream ends. 

Notably the culvert system has minimal cover (less than 1.5 m) and is situated in proximity to several 
buried infrastructure/utilities and urban surface features. The culvert system is presumed to be situated 
within Region of Peel RR50 Right-of-Way, however the upstream end (Culvert 1) appears to extend west 
of the visible right-of-way features. Given the enclosed condition of the culvert system there are 
significant constraints to visibly assessing the condition/orientation and functionality which may benefit 
from further investigation (i.e., physical access, cleaning/CCTV, downstream pond maintenance etc.). 
Resultant of the enclosed condition the culvert system presents a barrier and disconnects the natural 
environment associated with the natural watercourse. Similarly, the enclosed condition presents less 
opportunity for larger watercourse flows to access floodplain. 

Notably, this structure was not appraised as part of the Region of Peel condition assessments provided to 
Matrix, likely because of the enclosed condition. 

It is recommended, at minimum, the upstream end be further understood by the EA team, as it pertains 
to ramifications of the assessed alternatives for improvement. 

2.3 Culvert 2 
Culvert 2 is located at the rear of a private lot which is currently under the operation of Enterprise Car 
Rental. The culvert conveys watercourse flows from north to south via a single barrel 1,500 mm CSP under 
a gravel parking lot connection road. The culvert is oriented perpendicular to the access road and has 
minimal cover (less than 1.5 m). The culvert structure is presumed to be situated within private property. 

The upstream end is comprised of a protruding culvert barrel; oriented northerly to convey approaching 
watercourse flows with vegetated embankments and concrete block endwalls. The upstream end is 
partially obstructed by debris (both natural and “urban” debris), slumping slopes and overhanging 
vegetation (Figure 5). The downstream end is comprised of a protruding culvert barrel with vegetated 
embankments and no formalized end treatments (Figure 6). 

Notably, this structure was not appraised as part of the Region of Peel condition assessments provided to 
Matrix, likely because of its location being situated on private property. 
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2.4 Culvert 3 
Culvert 3 is located adjacent to RR50 to facilitate an elevated concrete pathway connection to a newly 
constructed multi-unit building situated behind (east of) the YMCA building. The culvert conveys 
watercourse flows from north to south via a single barrel, open bottom 2,900 mm span × 1,780mm rise 
multi-plate CSPA under a concrete pathway. The culvert is oriented at a skew to the pathway (and RR50) 
and has minimal cover (less than 1.5 m). The culvert structure is presumed to be situated within public 
property (RR5 50 Right-of-Way); however, the culvert appears to extend east of the visible right-of-way 
features. 

The upstream end is comprised of an open culvert span; oriented northerly to convey approaching 
watercourse flows with armourstone wingwalls/headwall (Figure 7). The downstream end is comprised 
of an open culvert span with armourstone wingwalls/headwall (Figure 8). 

The watercourse corridor upstream of Culvert 3 is currently under the process of being re-aligned by a 
private landowner (see Section 2.9.2). The adjacent private property downstream of Culvert 3 is situated 
in a low-lying orientation with little freeboard from the normal water levels of the downstream channel. 

Notably, this structure was appraised as “Fair Condition” by the structure condition assessments 
completed by Region of Peel. The corresponding Region of Peel structure ID is: “FROM - RR050-0215 
TO - RR050-0216” 

 
FIGURE 4 Culvert 2 Upstream End 

 
FIGURE 5 Culvert 2 Downstream End 
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2.5 Culvert 4 
Culvert 4 is located adjacent to RR50 to facilitate an asphalt entrance to multi-unit commercial property, 
including YMCA facilities. The culvert conveys watercourse flows from north to south via a single barrel, 
closed bottom 2,250 mm span × 1,620 mm rise CSPA under the paved entrance. The culvert is oriented 
perpendicular to the entrance and has minimal cover (less than 1.5 m). The culvert structure is presumed 
to be situated within public property (RR5 50 Right-of-Way). 

The upstream end is comprised of a protruding culvert barrel; oriented northerly to convey approaching 
watercourse flows with riprap stone/manicured grass embankments and no formalized end treatment 
(Figure 9). The downstream end is comprised of a protruding culvert barrel with manicured grass 
embankments and no formalized end treatment (Figure 10). 

The adjacent private property upstream of Culvert 4 is situated in a low-lying orientation with little 
freeboard from the normal water levels of the upstream channel. Immediately downstream of Culvert 4 
an open ditch stormwater drainage feature and a roadway light standard exist. 

Notably, this structure was appraised as “Fair Condition” by the structure condition assessments 
completed by Region of Peel. The corresponding Region of Peel structure ID is: “FROM - RR050-0213 
TO - RR050-0214” 

 
FIGURE 6 Culvert 3 Upstream End 

 
FIGURE 7 Culvert 3 Downstream End 



 

 

30854-522 Summary R 2020-12-11 draft V0.1 7 Matrix Solutions Inc. 

2.6 Culvert 5 
Culvert 5 is located adjacent to RR50 to facilitate an asphalt entrance to an RV Sales commercial property, 
which also forms the east leg of RR50/Parr Boulevard Signalized Intersection. The culvert conveys 
watercourse flows from north to south via a single barrel, closed bottom 2,080 mm span × 1,780mm rise 
CSPA under the paved entrance. The culvert is oriented perpendicular to the entrance and has minimal 
cover (less than 1.5 m). The culvert structure is presumed to be situated within public property (RR50 
Right-of-Way). 

The upstream end is comprised of a protruding culvert barrel; oriented northerly to convey approaching 
watercourse flows with riprap stone/manicured grass embankments and no formalized end treatment. 
The downstream end is comprised of a protruding culvert barrel with riprap stone/manicured grass 
embankments and no formalized end treatment (Figure 11, Figure 12). 

Immediately downstream of Culvert 5 an open ditch stormwater drainage feature and piped urban 
stormwater outfall exist. 

Notably, this structure was appraised as “Fair Condition” by the structure condition assessments 
completed by Region of Peel. The corresponding Region of Peel structure ID is: “FROM - RR050-0211 
TO - RR050-0212” 

 

 
FIGURE 8 Culvert 4 Upstream End 

 
FIGURE 9 Culvert 4 Looking Downstream 
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2.7 Culvert 6 
Culvert 6 is located adjacent to RR50 to facilitate a gravel entrance to a multi unit commercial property, 
including U-Haul. The culvert conveys watercourse flows from north to south via a single barrel, closed 
bottom 2,250 mm span × 1,620mm rise CSPA under the gravel entrance. The culvert is oriented 
perpendicular to the entrance and has minimal cover (less than 1.5 m). The culvert structure is presumed 
to be situated within public property (RR5 50 Right-of-Way). 

The upstream end is comprised of a protruding culvert barrel; oriented northerly to convey approaching 
watercourse flows with riprap stone/vegetated embankments and no formalized end treatment. 
The downstream end is comprised of a protruding culvert barrel with riprap stone/vegetated 
embankments and no formalized end treatment (Figure 13). 

Notably, this structure was appraised as “Fair Condition” by the structure condition assessments 
completed by Region of Peel. The corresponding Region of Peel structure ID is: “FROM - RR050-0209 
TO - RR050-0210” 

 
FIGURE 10 Culvert 5 Downstream End 

 

 

 

 

 
FIGURE 11 Culvert 5 Looking Downstream 
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FIGURE 12 Culvert 6 Downstream End 

2.8 Culvert 7 
Culvert 7 is located adjacent to RR50 to facilitate a gravel entrance to a vacant lot which has visibly been 
recently altered (i.e., demolition, removals etc.). Notably the entrance has been temporarily closed – 
barricaded by concrete blocks. The culvert conveys watercourse flows from north to south via an open 
bottom, single span 4,550 mm × 1,500mm rise concrete box culvert under a gravel entrance. The culvert 
is oriented perpendicular to the entrance and has minimal cover (less than 1.5 m). The culvert structure 
is presumed to be situated within public property (RR5 50 Right-of-Way). 

The upstream end is comprised of an open culvert span; oriented northerly to convey approaching 
watercourse flows with vegetated embankments and no formalized end treatment (Figure 14). 
The downstream end is comprised of an open culvert span with vegetated embankments and no 
formalized end treatment (Figure 15). 

Notably, this structure was not appraised as part of the Region of Peel condition assessments provided to 
Matrix, likely because of its large size. Given its span, it is presumed this structure would be regularly  
(i.e., annually/biannually) inspected and appraised by the Region/Town as part of Ontario Structure 
Inspection Manual (OSIM) programs. 
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2.9 Culvert 8 
Culvert 8 is located adjacent to RR50 to facilitate a paved entrance to a multi-tenant commercial plaza, 
including Storage Bolton, Bolton Kia, and Bolton Toyota Car dealerships. The culvert conveys watercourse 
flows from north to south via an open bottom, single span 4,550 mm × 1,620mm rise concrete box culvert 
under a paved entrance which is urbanized with curbs, sidewalk, and guiderails. The culvert is oriented 
perpendicular to the entrance and has minimal cover (less than 1.5 m). The culvert structure is presumed 
to be situated within public property (RR5 50 Right-of-Way). 

The upstream end is comprised of an open culvert span; oriented northerly to convey approaching 
watercourse flows with riprap/vegetated embankments, a concrete headwall and armour stone wingwall 
along the roadside embankment (Figure 14). The downstream end is comprised of an open culvert span 
with riprap/vegetated embankments, a concrete headwall and armour stone wingwall along the roadside 
embankment (Figure 15). 

Notably, this structure was not appraised as part of the Region of Peel condition assessments provided to 
Matrix, likely because of its large size. Given its span it is presumed this structure would be regularly  
(i.e., annually/biannually) inspected and appraised by the Region/Town as part of OSIM programs. 

 
FIGURE 13 Culvert 7 Upstream End 

 
 
 
 
 
 
 
 

 
FIGURE 14 Culvert 7 Looking Downstream 
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FIGURE 15 Culvert 8 Upstream End 

 
FIGURE 16 Culvert 8 Looking Downstream 

2.10 Specific Areas of Interest 

2.10.1 Existing Pond 

An online pond exists immediately downstream of Culvert 1. 
The pond appears to have no formalized inlet/outlet controls 
and appears largely unmaintained, with heavy siltation and 
overgrown invasive vegetation (Figure 18). Although the 
pond is not delineated by security fence along the RR50 
boundary, the pond appears to be situated largely beyond 
the RR50 Right-of-Way. In addition to the upstream 
watercourse areas contributing to the pond, one small 
diameter inlet from the eastern side was located; presumed 
to provide some function of stormwater servicing to the 
adjacent private OPP property. 

It is recommended that better understanding of the 
ownership/jurisdiction, form/function and maintenance/ 
operation of the pond be further understood by the EA 
Project Team, as it pertains to ramifications of the assessed 
alternatives for improvement. It is understood there is a 
future easterly extension of George Bolton Parkway which 
will require due consideration for Culvert 1 and the pond 
downstream. 

FIGURE 17 Existing Pond Looking Upstream 
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2.10.2 Current Channel Re-Alignment 

In consultation with the Project Team it has been identified that an approximate 200 m length of the 
watercourse upstream of Culvert 3 is currently under the process of being re-aligned by a private 
landowner (Figure 19). 

It is recommended that the status of this re-alignment be further understood by the EA team, as it pertains 
to ramifications of the assessed alternatives for improvement. 

2.10.3 Previous Channel Re-Alignment 

In consultation with the Project Team it has been identified that an approximate 80 m length of the 
watercourse upstream of Culvert 7 has been historically re-aligned by a private landowner (Figure 20); for 
which TRCA is currently involved and pursuing restitution.  

It is recommended that the status of this re-alignment be further understood by the EA team, as it pertains 
to ramifications of the assessed alternatives for improvement. 

 
FIGURE 18 Current Channel Re-Alignment 

Looking Upstream 

 
FIGURE 19 Previous Channel Re-Alignment 

Looking Upstream 

2.10.4 Landowner Concerns 

In consultation with the Project Team a private landowner located immediately downstream of Culvert 6 
has raised concerns associated with recent stormwater/ditching revisions along the RR50 frontage of the 
subject property exacerbating/resulting in increased watercourse flows at the rear of the subject property 
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(Figure 21). Furthering landowner concern in this regard is the new establishment of a Stormwater 
Management Pond on the opposing side of the watercourse, particularly during periods of pond 
maintenance. 

The nature of these issues are deemed beyond the scope of the current study by Matrix, and the EA 
Project Team. However, if jurisdictions having authority (i.e., Region of Peel/Town of Caledon/TRCA) opt 
to further investigate the issues sited by the landowner, below are a series of recommended initial steps: 

• Site meet with landowner to understand issues. 

• Review of historic changes along RR50 frontage, 
watercourse reach, subject property, SWM pond, 
and adjacent properties. 

• Desktop and detailed field investigation, topo 
survey etc. of subject property and adjacent 
properties. 

• Site-specific hydraulic analysis to review flood 
extents and frequency. 

3 FLUVIAL GEOMORPHIC ASSESSMENT 

3.1 Background and Context 
In-field geomorphic crossing assessments of the eight existing stream crossings (Culverts 1 to 8) along 
RR50 between George Bolton Parkway and Mayfield Road were completed by Matrix Staff on 
September 9, 2020. The stream crossing assessment collects data specific to the channel and crossing 
structure within the vicinity of the road crossing and documents evidence of potential channel-related 
issues near the crossing (e.g., bank erosion, bed scour, debris trapping, and fish passage). Information 
regarding crossing type, material, shape, dimensions, and structural conditions are also recorded; this 
information is summarized in Section 2. 

The reaches of West Robinson Creek within the study area are generally ephemeral, headwater-type 
streams with a relatively small drainage area (<2 km2). In most locations, the creek is well vegetated with 
cattails or phragmites, and banks are poorly defined. As a result, it was difficult to accurately ascertain 
bankfull dimensions of the channel. For the purposes of this assessment, bankfull dimensions were 
determined as the flow that fills up the channel close to or to the top of bank. Several of the crossings 
have been historically straightened to serve as roadside drainage ditches along the eastern side of RR50. 
Crossing locations are illustrated in Appendix A. Seven of the eight crossings within the study area are 
located on the east side of RR50. As the proposed cycle track and/or multi-use path is to be constructed 

FIGURE 20 Looking Downstream from Culvert 6 
(Subject Property on Right) 
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on the western side of RR50, West Robinson Creek is expected to have minimal interaction with the 
pathway, and geomorphic risk to the proposed active transportation measures is considered low. Existing 
geomorphic conditions of each culvert crossing are summarized below. All references to right or left banks 
are when looking in the downstream direction. 

3.2 Culvert 1 
Culvert 1 is located near the intersection of RR50 and George Bolton Parkway, conveying flows under 
RR50 from west to east. The upstream end consists of two culverts; one oriented westerly to convey 
approaching watercourse flows (Culvert 1) and one oriented northerly to convey approaching roadside 
ditch flows (Culvert 1A). Upstream of the crossing the main branch of West Robinson Creek lacks sinuosity 
and follows a very straight planform with sharp near-90 degree turns. The reach is also largely controlled 
by ponds both upstream and downstream of RR50. Upstream, the channel contains abundant instream 
vegetation (cattails) and flow at the time of the field assessment was minimal, and generally consisted of 
stagnant water. The channel is artificially confined along the right bank which borders the Esso Gas 
Station. Average bankfull channel dimensions are 3.2 m in width and 0.7 m in depth, with an absence of 
pool-riffle morphology. The channel is depositional in nature due to the abundance of instream vegetation 
and substrate dominantly consists of clay and silt. Riprap was previously placed overtop of Culvert 1 and 
has since slumped into the creek. Average bankfull channel dimensions of the ditch flowing into Culvert 
1A are approximately 2.5 m in width, and 0.45 m in depth. Roadside banks are near-vertical and stagnant 
water was present. Similar to Culvert 1, riprap was previously placed overtop of Culvert 1A and has begun 
to slump into the ditch. 

Downstream of RR50, the culvert end was extensively backwatered due to dense instream vegetation 
(phragmites) and siltation downstream, impeding flow. Backwatering has resulted in local widening of the 
channel at the culvert, with minor bank erosion noted. Channel banks are poorly defined, making it 
difficult to accurately determine bankfull dimensions. Locally, at the culvert end the channel width is 
larger than the width of the culvert, measuring 3.6 m in width with a maximum depth of 1 m. The channel 
is depositional in nature due to the abundance of instream vegetation and substrate dominantly consists 
of clay and silt. The watercourse subsequently discharges immediately into a heavily vegetated online 
pond downstream. 

3.3 Culvert 2 
Culvert 2 is located approximately 240 m downstream of Culvert 1 at the rear of a private lot and conveys 
flows from north to south via a single barrel 1500 mm CSP under a parking lot connection access road. 
Upstream, the channel follows a moderately sinuous planform and is confined on both banks. Due to the 
confined nature of the system, banks were near-vertical and toe/bank erosion was prevalent as evidenced 
by slumped bank material, fracture lines, and exposed tree roots. Immediately upstream of Culvert 2, a 
prominent meander exists which is promoting bank erosion and deposition. Exacerbating this issue is a 
woody debris jam which currently impeding flow and blocking the connection to the culvert at lower 
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flows. Concrete blocks previously placed as bank protection around the culvert have also failed and begun 
slumping into the creek. Approximately 90 m upstream of the crossing, the channel is incising with steep 
bank heights and a suspended armour layer visible in the banks. A man-made weir structure constructed 
out of concrete has been placed in the channel at this location. Also visible at this location is bank erosion 
and several displaced small masonry bricks previously placed as bank protection and fill material. 

Downstream of the crossing, the channel corridor has been straightened and contains virtually no 
floodplain as the channel is bordered by an industrial lot. Upstream and downstream, average bankfull 
channel dimensions were similar, measuring 2.5 m in width and 0.6 m in depth. Channel substrate 
dominantly consisted of clay and gravel; however, it is possible the gravel is not native and was sourced 
from the above parking lots during heavy rainfall events. 

3.4 Culvert 3 
Culvert 3 is located approximately 420 m downstream of Culvert 2 and is adjacent to the east side of RR50. 
Upstream of the crossing, approximately 200 m of channel is currently in the process of being re-aligned 
and is under construction, therefore geomorphic observations (i.e., bankfull dimensions, substrate, etc.) 
were not possible. Wetted channel dimensions at the time of the assessment were 2.95 m in width and 
0.5 m in depth at the culvert upstream end. The current crossing appears stable, with the channel width 
equal to the opening width of the structure, and armourstone blocks placed around the culvert for added 
protection. The channel flows to the right as it enters the culvert, and a gravel point bar has formed toward 
the downstream end of the culvert. Culvert footings are partially exposed. 

Downstream, the channel planform is straight, and the channel serves as a roadside ditch to convey flows 
parallel to RR50. The watercourse is confined on the right bank by the road embankment and unconfined 
on the left bank. As a result, at high flow events, flow would dissipate into the adjacent parking lot to the 
left. The channel is bordered by mowed, well-manicured grass, resulting in minor bank slumping due to 
the lack of root cohesion. Channel dimensions are much narrower than upstream, with an average 
bankfull width of 1.2 m and depth of 0.3 m. Rounded to sub-rounded cobble and pebbles were present 
throughout the reach, in addition to minor sand and clay/silt. 

3.5 Culvert 4 
Culvert 4 is located approximately 85 m downstream of Culvert 3 and is adjacent to the east side of RR50. 
Both upstream and downstream of the crossing, the channel serves as a roadside ditch to convey flows 
parallel to RR50 and is confined by the road embankment to the right, and a parking lot to the left. 
Approximately 10 m upstream of the crossing, the channel has been recently armoured with riprap and 
contains sparse cattails. 

Downstream, the entire reach entire reach is filled with cattails. As a result, channel substrate mainly 
consists of fine sediment (clay and silt) due to the depositional nature of the reach. Average bankfull 
channel dimensions are approximately 5.5 m in width and 0.4 m in depth. 
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3.6 Culvert 5 
Culvert 5 is located approximately 50 m downstream of Culvert 4 and is adjacent to the east side of RR50. 
Similar to Culvert 4, the channel serves as a roadside ditch to convey flows and is confined on the right by 
the road embankment. Immediately downstream of the culvert, there is a stormwater outfall on the right 
bank, that at the time of the assessment contained standing water. Upstream and downstream of the 
crossing, the ditch contains abundant cattails. Riprap has been placed over top and around the culvert for 
added protection. Average bankfull channel dimensions were approximately 3.5 m in width and 0.6 m in 
depth. 

3.7 Culvert 6 
Culvert 6 is located approximately 30 m downstream of Culvert 5 and is adjacent to the east side of RR50. 
Upstream of the crossing, the channel conveys flows as a roadside ditch along RR50, while downstream 
the channel regains sinuosity and flows easterly behind residential properties through a wooded area. 
Average bankfull channel dimensions were approximately 3 m in width and 0.4 m in depth. 

Downstream of the crossing, most of the reach flows through a wooded area, where woody debris is 
common within the channel and on the banks. Within this area, the channel is stable with minimal bed 
and/or bank erosion noted. The channel lacks a sequence of well-defined pool-riffles, however, coarse 
substrate (gravel, pebbles, cobbles) was observed in the transitional areas. As the creek exits the wooded 
area and flows back toward RR50, the channel is actively incising, as evidenced by steep bank heights and 
suspended armour layer in the banks. It is understood that this part of the channel was historically 
re-aligned by a private landowner; for which TRCA is currently involved and pursuing restitution. 

3.8 Culvert 7 
Culvert 7 is located approximately 375 m downstream of Culvert 6 and is adjacent to the east side of RR50. 
Within the vicinity of the crossing, the channel conveys flows as a roadside ditch along RR50. The channel 
contains abundant instream vegetation such as cattails, tall grasses, and willow shrubs. At the culvert 
outlet, the presence of dense instream vegetation is impeding flows and has resulted in a buildup of fine 
sediment and minor debris. Channel substrate mainly consists of fine sediment (clay and silt) due to the 
depositional nature of the reach. Average bankfull channel dimensions were approximately 4 m in width 
and 0.6 m in depth. 

3.9 Culvert 8 
Culvert 8 is located approximately 50 m downstream of Culvert 7 and is adjacent to the east side of RR50. 
Similar to Culvert 7, the channel conveys flows as a roadside ditch parallel to RR50. Upstream and 
downstream of the crossing the channel is well vegetated with cattails and tall grasses and as a result, 
channel substrate dominantly consists of clay and silt. The channel is confined on the right by the road 
embankment where large armourstone blocks have been placed for added bank/culvert stability. Average 
bankfull channel dimensions were approximately 3 m in width and 0.7 m in depth. 
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3.10 Specific Areas of Interest 

3.10.1 Culvert 1 

The proposed cycle track and/or multi-use path and the resultant drainage improvements are planned on 
the west side of RR50 over Culvert 1. As such, this is the only location where the creek will have some 
interaction with the EA improvements, although geomorphic risk to the proposed active transportation 
measures is considered low. As the pathway is to cross over the Culvert 1, an erosion hazard assessment 
was not completed. The channel upstream of Culvert 1 is heavily modified (straightened and bermed in 
locations), and the delineation of the erosion hazard would extend into existing properties, therefore it 
was deemed not necessary for the purposes of the pathway planning. In this location, West Robinson 
Creek is an ephemeral, headwater-type feature with a small drainage area (~1km2) and poorly defined 
banks and is not expected to migrate laterally. Additionally, there is no evidence of active erosion near 
the crossing as the channel is densely vegetated and depositional in nature. 

Given the existing culvert system is anticipated to require modifications/extensions, it is recommended, 
at minimum, the upstream end be further understood by the EA team, as it pertains to ramifications of 
the assessed alternatives for improvement. 

4 HYDRAULIC ASSESSMENT 
A hydraulic assessment was completed to analyze the performance of West Robinson Creek including 
Culverts 1 to 8 during various design storm events and the regional event. An existing HEC-RAS hydraulic 
model was updated with latest topographic and collected hydraulic information so that the updated 
model can be assured appropriate for this study. For each culvert, the hydraulic model was used to verified 
whether the culvert is fully submerged and whether the road above the culvert is overtopped. For Culverts 
1, and 3 to 8, which are adjacent to RR50, the hydraulic model was used to identify whether water is likely 
to spill on RR50 due to backwater impact from the culvert. 

4.1 Model Development 
TRCA provided the current approved HEC-RAS hydraulic model to use in this study. Matrix updated the 
TRCA model with the latest topography based on survey data and site reconnaissance within the study 
area. The following summarizes detailed model updates. 

• Culvert 3: Matrix site reconnaissance and RVA topographic survey data showed that Culvert 3 is a 
corrugated steel arch with height approximately 1.8 metre. However, Culvert 3 in the TRCA model 
indicated a height of 1.4 metre. Matrix updated the Culvert 3 height to 1.8 m. In addition, a 0.5 m 
blockage of gravel/cobble was added to the model based on observations during the site 
reconnaissance. 
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• Culvert 4: Culvert 4 was not included in the provided TRCA model. Matrix added Culvert 4 based on 
field survey. This culvert is a corrugated steel arch culvert with a width and height approximately 
2.26 m and 1.62 m, respectively. Upstream and downstream invert elevations were obtained from 
RVA topographic survey data. 

• Following a detailed comparison of the modelled cross-sections to the topographic survey data 
provided by RVA, Matrix revised a number of cross-sections to ensure detailed representation of both 
the channel and overbank areas including the top of the road elevation. This update to precise 
cross-section data is important to yield accurate results. These revisions are documented within the 
model notes. 

• In addition to cross-section data, the use of appropriate levee elevation and location in the 
cross-section is important to the assessment of overtopping conditions. Matrix added levees at 
appropriate locations and elevation in the cross-section profile. In particular, levees were added at 
the crown of RR50 as flow in Robinson Creek will not have access to the west ditch. 

• Matrix found that cross-sections 2223.38 and 2223.15 were not properly geo-referenced. Matrix 
updated the cross-section cutline to an appropriate GIS location. 

4.2 Design Flows 
Design flows in the HEC-RAS model were confirmed with TRCA to be up to date. Design flows, ranging 
from 2- to 100-year events as well as the regional event were applied at 7 different cross-sections of the 
watercourse. Details are presented in Table 1 below. 

TABLE 1 Design Flows 

Cross- 
section 

Description of 
Location 

Flow Rate (m³/s) 
2-Year 5-Year 10-Year 25-Year 50-Year 100-Year Regional 

2224.08 Model upstream 
end near McEwan 
Dr. W 

1.98 2.82 3.39 4.27 5.05 5.73 8.7 

2223.56 70 m upstream of 
Hopcroft Rd 2.46 3.5 4.21 5.3 6.27 7.11 10.8 

2223.45 20 m upstream of 
Culvert 1 (George 
Bolton Pkwy and 
RR50) 

4.24 6.03 7.26 8.94 10.27 11.79 13.84 

2223.37 Upstream face of 
Culvert 2 
(Enterprise Car 
Rental) 

4.59 6.53 7.85 9.68 11.11 12.75 14.97 

2223.20 Upstream face of 
Culvert 6 (U-Haul) 5.24 7.45 8.96 11.04 12.68 14.55 17.09 
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Cross- 
section 

Description of 
Location 

Flow Rate (m³/s) 
2-Year 5-Year 10-Year 25-Year 50-Year 100-Year Regional 

2223.04 220 m 
downstream of 
Culvert 8, 70 m 
upstream of 
Mayfield Rd 

5.69 8.09 9.73 11.99 13.77 15.81 18.56 

2219.56 100 m 
downstream of 
Mayfield Rd 

6.08 8.72 10.49 12.98 14.95 17.19 38.3 

4.3 Culvert 1 
Due to its complex hydraulic situation (i.e., two inlet barrels and one outlet barrel), Culvert 1 and Culvert 
1A were modelled using a custom rating curve which was provided by the existing TRCA model. The Cole 
Engineering Group Ltd. report (2015) indicated that the custom rating curve was derived with appropriate 
setup of dimension and flow values in FlowMaster. Matrix assumed the rating curve approach in the 
model is correct. 

Table 2 presents the hydraulic results of Culvert 1 and Culvert 1A. The results indicate that both Culvert 1 
and Culvert 1A experience full submergence during the 2-year event and greater. The road above 
Culvert 1, which serves as the northern entrance to the gas station, has a ground elevation of 238.5 m 
according to the RVA topographic survey data. The water level results from the model indicate that this 
road experiences overtopping during the 2-year event and greater. Figure 22 shows the water extent on 
cross-sections adjacent to Culvert 1 for the regional event. It is shown that water overtopping the entrance 
road will spill eastly toward RR50 and spill southerly through the gas station. 

TABLE 2 Culvert 1 – HEC-RAS Results 

Component Value (m) 
C1 Upstream Invert Elevation 236.76 
C1 Upstream Obvert Elevation 237.36 
C1A Upstream Invert Elevation 236.79 
C1A Upstream Obvert Elevation 237.67 
Top of Road Elevation 238.5 
Return Period 2-Year 5-Year 10-Year 25-Year 50-Year 100-Tear Regional 
Flow (m³/s) 4.24 6.03 7.26 8.94 10.27 11.79 13.84 
Water Surface Elevation (m) 238.53 238.59 238.62 238.66 238.69 238.72 238.76 
Freeboard to Obvert Elevation on 
Culvert 1 (m) -1.17 -1.23 -1.26 -1.3 -1.33 -1.36 -1.4 

Culvert Submergence on Culvert 1 Y Y Y Y Y Y Y 
Freeboard to Obvert Elevation on 
Culvert 1A (m) -0.86 -0.92 -0.95 -0.99 -1.02 -1.05 -1.09 

Culvert Submergence on Culvert 1A Y Y Y Y Y Y Y 
Freeboard to Top of Road Elevation (m) -0.03 -0.09 -0.12 -0.16 -0.19 -0.22 -0.26 
Road Overtopping  Y Y Y Y Y Y Y 
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FIGURE 22 Culvert 1 – Water Extents on Cross-sections during the Regional Event 

4.4 Culvert 2 
Table 3 presents the hydraulic results of Culvert 2. The results indicate that Culvert 2 experiences full 
submergence and road overtopping during the 2-year event and greater. Figure 23 plots water extents on 
cross-sections adjacent to Culvert 2 during the regional event. Water overtopping the culvert returns to 
the channel downstream of the culvert and does not spill toward the north and south directions. As 
Culvert 2 is located at the rear of a private lot and reasonably distant from RR50 (about 240 m downstream 
of RR50), backwater from Culvert 2 has no impact on RR50. 

TABLE 3 Culvert 2 – HEC-RAS Results 

Component Value (m) 
Upstream Invert Elevation 233.38 
Upstream Obvert Elevation 234.93 
Top of Road Elevation 235.49 
Return Period 2-Year 5-Year 10-Year 25-Year 50-Year 100-Tear Regional 
Flow (m³/s) 4.59 6.53 7.85 9.68 11.11 12.75 14.97 
Water Surface Elevation (m) 235.59 235.87 235.97 236 236.02 236.05 236.05 
Freeboard to Obvert Elevation (m) -0.66 -0.94 -1.04 -1.07 -1.09 -1.12 -1.12 
Culvert Submergence  Y Y Y Y Y Y Y 
Freeboard to Top of Road Elevation (m) -0.1 -0.38 -0.48 -0.51 -0.53 -0.56 -0.56 
Road Overtopping  Y Y Y Y Y Y Y 
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FIGURE 23 Culvert 2 – Water Extents on Cross-sections during the Regional Event 

4.5 Culvert 3 and 4 
Table 4 and 5 present the hydraulic results of Culvert 3 and Culvert 4, respectively. The results indicate 
that Culvert 3 experiences full submergence and road overtopping during the 5-year event and greater. 
Culvert 4 experiences full submergence during the 5-year event and greater. The road above Culvert 4 
experiences overtopping during the 10-year event and greater. 

Figure 24 plots water extents on cross-sections adjacent to Culvert 3 and 4 for the 2-year and regional 
events. The watercourse in this area experiences high water level during the 2-year through the regional 
event. The multi-unit commercial property and its parking lot, which is on the east bank of the 
watercourse, experience flooding during the 2-year event and greater. RR50, which is on the west bank 
of the watercourse, does not experience flow on the road, expect for the one cross-section upstream end 
of Culvert 4. During the 2-year event and greater, this cross-section indicates that water encroaches on 
RR50 but does not overtop the road crown or spill to other side of RR50. 
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TABLE 4 Culvert 3 – HEC-RAS Results 

Component Value (m) 
Upstream Invert Elevation 231.178 
Upstream Obvert Elevation 233.078 
Top of Road Elevation 233.3 
Return Period 2-Year 5-Year 10-Year 25-Year 50-Year 100-Tear Regional 
Flow (m³/s) 4.59 6.53 7.85 9.68 11.11 12.75 14.97 
Water Surface Elevation (m) 232.89 233.31 233.33 233.35 233.41 233.55 233.67 
Freeboard to Obvert Elevation (m) 0.188 -0.232 -0.252 -0.272 -0.332 -0.472 -0.592 
If Culvert Fully Submergence Occurs N Y Y Y Y Y Y 
Freeboard to Top of Road Elevation (m) 0.41 -0.01 -0.03 -0.05 -0.11 -0.25 -0.37 
If Road Overtop Occurs N Y Y Y Y Y Y 

 

TABLE 5 Culvert 4 – HEC-RAS Results 

Component Value (m) 
Upstream Invert Elevation 230.408 
Upstream Obvert Elevation 232.028 
Top of Road Elevation 232.51 
Return Period 2-Year 5-Year 10-Year 25-Year 50-Year 100-Tear Regional 
Flow (m³/s) 4.59 6.53 7.85 9.68 11.11 12.75 14.97 
Water Surface Elevation (m) 231.87 232.42 232.75 232.89 232.95 233.01 233.06 
Freeboard to Obvert Elevation (m) 0.158 -0.392 -0.722 -0.862 -0.922 -0.982 -1.032 
If Culvert Fully Submergence Occurs N Y Y Y Y Y Y 
Freeboard to Top of Road Elevation (m) 0.64 0.09 -0.24 -0.38 -0.44 -0.5 -0.55 
If Road Overtop Occurs N N Y Y Y Y Y 

 

  
FIGURE 24 Culvert 3 and 4 – Water Extents on Cross-sections during the 2-Year (Left) and Regional 

Event (Right) 
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4.6 Culvert 5 and 6 
Table 6 and 7 present the hydraulic results of Culvert 5 and Culvert 6, respectively. The results indicate 
that Culvert 5 experiences full submergence during the 10-year event and greater. The road above Culvert 
5 experiences overtopping during the 25-year event and greater. Culvert 6 experiences full submergence 
and road overtopping during the 10-year event and greater. 

Figure 25 plots water extents on cross-sections adjacent to Culvert 5 and 6 for the 5-year and 10-year 
event, and Figure 26 for the 25-year and the regional event. In this section of the watercourse, flooding is 
subject to the west bank spilling across RR50. During the 5-Year event, water is contained in the channel 
and does not encroach on RR50, expect for the cross-section in the middle between Culvert 5 and 6. This 
cross-section indicates that water encroaches on RR50 but not overtop the road crown or spill to other 
side of RR50. During the 10-year event, several cross-sections indicate water encroaches on west shoulder 
of RR50 but not overtop the road crown or spill to other side of RR50. During the 25-year event and 
greater, water spills across RR50 with overtopping of the road crown. 

TABLE 6 Culvert 5 – HEC-RAS Results 

Component Value (m) 
Upstream Invert Elevation 230.15 
Upstream Obvert Elevation 231.6 
Top of Road Elevation 232 
Return Period 2-Year 5-Year 10-Year 25-Year 50-Year 100-Tear Regional 
Flow (m³/s) 4.59 6.53 7.85 9.68 11.11 12.75 14.97 
Water Surface Elevation (m) 231.01 231.22 231.68 232.06 232.27 232.29 232.32 
Freeboard to Obvert Elevation (m) 0.59 0.38 -0.08 -0.46 -0.67 -0.69 -0.72 
If Culvert Fully Submergence Occurs N N Y Y Y Y Y 
Freeboard to Top of Road Elevation (m) 0.99 0.78 0.32 -0.06 -0.27 -0.29 -0.32 
If Road Overtop Occurs N N N Y Y Y Y 

 

TABLE 7 Culvert 6 – HEC-RAS Results 

Component Value (m) 
Upstream Invert Elevation 229.3 
Upstream Obvert Elevation 230.9 
Top of Road Elevation 231.28 
Return Period 2-Year 5-Year 10-Year 25-Year 50-Year 100-Tear Regional 
Flow (m³/s) 5.24 7.45 8.96 11.04 12.68 14.55 17.09 
Water Surface Elevation (m) 230.31 230.64 231.28 231.28 231.48 231.52 231.57 
Freeboard to Obvert Elevation (m) 0.59 0.26 -0.38 -0.38 -0.58 -0.62 -0.67 
If Culvert Fully Submergence Occurs N N Y Y Y Y Y 
Freeboard to Top of Road Elevation (m) 0.97 0.64 0 0 -0.2 -0.24 -0.29 
If Road Overtop Occurs N N Y Y Y Y Y 
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FIGURE 25 Culvert 5 and 6 – Water Extents on Cross-sections during the 5-Year (Left) and 10-Year 

Event (Right) 

   
FIGURE 26 Culvert 5 and 6 – Water Extents on Cross-sections during the 25-Year (Left) and Regional 

Event (Right) 

4.7 Culvert 7 and 8 
Table 8 and 9 present the hydraulic results of Culvert 7 and Culvert 8, respectively. The results indicate 
that Culvert 7 experiences full submergence during the 5-year event and greater. The road above Culvert 
7 experiences overtopping during the 100-year event and greater. Culvert 8 experiences full submergence 
and road overtopping during the regional event. 

Figure 27 plots water extents on cross-sections adjacent to Culvert 7 and 8 for the 2-year and regional 
event. For the watercourse along RR50 (three cross-sections upstream of Culvert 7 to three cross-sections 
of Culvert 8, approximately 285 m), water is contained in the channel without spilling on RR50 during the 
2-year to the regional event. 
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TABLE 8 Culvert 7 – HEC-RAS Results 

Component Value (m) 
Upstream Invert Elevation 226.7 
Upstream Obvert Elevation 228.15 
Top of Road Elevation 228.74 
Return Period 2-Year 5-Year 10-Year 25-Year 50-Year 100-Tear Regional 
Flow (m³/s) 5.24 7.45 8.96 11.04 12.68 14.55 17.09 
Water Surface Elevation (m) 228 228.19 228.31 228.46 228.57 228.74 228.74 
Freeboard to Obvert Elevation (m) 0.15 -0.04 -0.16 -0.31 -0.42 -0.59 -0.59 
If Culvert Fully Submergence Occurs N Y Y Y Y Y Y 
Freeboard to Top of Road Elevation (m) 0.74 0.55 0.43 0.28 0.17 0 0 
If Road Overtop Occurs N N N N N Y Y 

 

TABLE 9 Culvert 8 – HEC-RAS Results 

Component Value (m) 
Upstream Invert Elevation 226.29 
Upstream Obvert Elevation 227.99 
Top of Road Elevation 228.25 
Return Period 2-Year 5-Year 10-Year 25-Year 50-Year 100-Tear Regional 
Flow (m³/s) 5.24 7.45 8.96 11.04 12.68 14.55 17.09 
Water Surface Elevation (m) 227.13 227.33 227.44 227.55 227.64 227.73 228.25 
Freeboard to Obvert Elevation (m) 0.86 0.66 0.55 0.44 0.35 0.26 -0.26 
If Culvert Fully Submergence Occurs N N N N N N Y 
Freeboard to Top of Road Elevation (m) 1.12 0.92 0.81 0.7 0.61 0.52 0 
If Road Overtop Occurs N N N N N N Y 

 

  
FIGURE 27 Culvert 7 and 8 – Water Extents on Cross-sections during the 2-Year (Left) and Regional 

Event (Right) 
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4.8 Specific Areas of Interest 

4.8.1 RR50 

In general, Culverts 1 to 7 are under sized and incapable of conveying water during high flow events. 
Culvert 1, 5 and 6 cause flow to spill onto RR50 while Culvert 2, 3, 4, and 7 do not. 

• Backwater from Culvert 1 is expected to spill on RR50 through the entrance road of the gas station 
during the 2-year event. 

• As Culvert 2 is distant from RR50, backwater from Culvert 2 has no impact on RR50. 

• Backwater from Culverts 3 and 4 generally do not cause flooding on RR50, but do cause flooding on 
the east bank where the multi-unit commercial property is located. 

• Backwater from Culverts 5 and 6 contributes to flooding on RR50. Water is expected to spill over the 
road crown and to the other side of RR50 during the 25-year event and greater. 

• Culverts 7 and 8 are generally capable of conveying water within the channel and not spill on RR50 
during any of the modelled events. 

4.8.2 Spilling Extent 

For results of flood extents over entire watercourse along Culvert 1 to 8, Appendix F summarizes water 
extents on each HEC-RAS cross-section for storm events from 2-year through the regional event. 

4.8.3 Sensitivity Analysis On Proposed Mayfield Rd Culvert 

Matrix was informed by RVA that the Mayfield Road Culvert, which is located approximately 290 m 
downstream of Culvert 8, will be replaced with a new dimension during future construction. Matrix 
received a HEC-RAS model provided by RVA specific to this culvert. This model was used for the purpose 
of future culvert design including the proposed Mayfield Road Culvert and associated watercourses. To 
verify the proposed Mayfield Rd Culvert does not alter the general hydraulic performances of Culvert 8 
and watercourse nearby, a sensitivity analysis was carried out to examine the hydraulic impact of 
proposed Mayfield Road Culvert. A rating curve, which represents the proposed hydraulic condition on 
the watercourse between Culvert 8 and Mayfield Rd, was derived from the RVA model and setup up in 
Matrix model in cross-section 2223.05. Figure 28 shows the water level profiles for existing condition and 
the condition with proposed Mayfield Road Culvert. The figure shows water levels for three storm events 
including the 2-year, 25-year, and the regional events. The results show the proposed Mayfield Road 
Culvert has insignificant impact on water level from the 2-year through regional events. The maximum 
rise of water level is 13 cm difference on cross-section 2223.06 during the 25-year event. Overall, the 
proposed Mayfield Road Culvert does not alter the hydraulic performance of Culvert 8, and does not alter 
spill conditions on RR50 during any of the modelled events. 



 

 

30854-522 Summary R 2020-12-11 draft V0.1 27 Matrix Solutions Inc. 

 

 
FIGURE 28 Water Level Profile for Existing Mayfield Rd Culvert and Proposed Mayfield Rd Culvert 

during the 2-year, 25-year, and the regional events. 
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APPENDIX C 
Matrix Crossing Structure Sheets and Photolog 



Page 1 of 2

Date: Sept 9/20 Stream: Crossing 1 Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) 3.2/3.6/0.5 (main channel d/s) Bankfull Depth (m) 0.75/1 m/ no bankfull downstream

Wetted Width (m) 2.5/2.5/1.5 Wetted Depth (m) 0.1/0.6/0.07

Gradient X Low Medium High Entrenchment Low Medium High

Sinuosity X Low Medium High Valley Setting unconfined

Riparian Vegetation Width (m) ~10 m Type cattails, grass

Channel Disturbance Hardened with riprap around culvert at road

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom
Cast-in-place Culvert Open Bottom Closed Bottom
Bridge

X Other HDPE, closed bottom

Material
X Concrete Bridge Aluminum Corrugated Steel X Other HDPE

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
X Circular X Box Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 0.6 m/1.88 m Height (m) 0.6 m/1.05 Length (m) Age HDP new

box  10+ years

PARISH
geomorphic Stream Crossing Assessment Form
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition
X Good Collapsed Mechanical Damage Rust Other
X
Evidence of Flow Restriction and Erosion Upstream of Crossing
X No Pooling Minor Pooling Major Pooling

No Erosion X Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
No Pooling X Minor Pooling Major Pooling
No Erosion X Minor Erosion Major Erosion

Relative Crossing Sizing
Channel Width < Opening X Channel Width = Opening X Channel Width > Opening

channel widened at culvert
Embankment Erosion Protection
X Riprap Vegetation Armour Stone

Slope Paving Retaining Wall Other 

Debris Trapping
X No Debris Minor Debris Major Debris

Evidence of:
Patching or pavement built-up yes X X no
Cracks running parallel to the structure centerline yes X X no
Erosion or failure of the embankment slope over the structure X yes X no
Sink holes over the structure yes X X no

Substrate Present Through Crossing? yes X no Comment: cattails, depositional

Substrate Type Natural Constructed Comment:

Concerns Regarding Fish Passage? yes X no Comment:

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: part of culvert system

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High X Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: upstream channel choked with cattails, water flowing minimally
HDPE likely a culvert extension from box that is visible downstream

concrete box downstream, channel lined with dense phragmites, outlets to pond downstream

PARISH
geomorphic Stream Crossing Assessment Form
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Date: Sept 9/20 Stream: Crossing 1a Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) 2.5 m Bankfull Depth (m) 0.45 m

Wetted Width (m) 1.1 m Wetted Depth (m) 0.1

Gradient X Low Medium High Entrenchment Low Medium High

Sinuosity X Low Medium High Valley Setting Straightened ditch

Riparian Vegetation Width (m) ~20 m Type road on left, grass on right

Channel Disturbance Hardened with riprap around culvert at road

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom
Cast-in-place Culvert Open Bottom Closed Bottom
Bridge

X Other CSP, closed bottom

Material
Concrete Bridge Aluminum X Corrugated Steel Other

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
X Circular Box Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 0.9 m Height (m) 0.9 m Length (m) Age 10+ years

PARISH
geomorphic Stream Crossing Assessment Form
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition invert rusted out
Good Collapsed Mechanical Damage X Rust Other

Evidence of Flow Restriction and Erosion Upstream of Crossing
X No Pooling Minor Pooling Major Pooling

No Erosion X Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
No Pooling Minor Pooling Major Pooling
No Erosion Minor Erosion Major Erosion

Relative Crossing Sizing
Channel Width < Opening X Channel Width = Opening Channel Width > Opening

Embankment Erosion Protection
X Rip Rap Vegetation Armour Stone

Slope Paving Retaining Wall Other riprap old and failing

Debris Trapping
X No Debris Minor Debris Major Debris

Evidence of:
Patching or pavement built-up yes X no
Cracks running parallel to the structure centerline yes X no
Erosion or failure of the embankment slope over the structure X yes no
Sink holes over the structure yes X no

Substrate Present Through Crossing? yes X no Comment:

Substrate Type Natural Constructed Comment:

Concerns Regarding Fish Passage? yes X no Comment:

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: part of culvert system

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High X Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: ditch along Highway 50, filled with cattails, banks near-vertical ~0.15 m high

PARISH
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Date: Sept 9/20 Stream: Crossing 2 Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) 2.5 m Bankfull Depth (m) 0.6 m

Wetted Width (m) 1.1 m Wetted Depth (m) 0.03/0.15 

Gradient Low X Medium High Entrenchment Low Medium High

Sinuosity Low X Medium High Valley Setting Partially confined

Riparian Vegetation Width (m) ~5 m Type Meadow, then gravel car lots beyond meadow

Channel Disturbance Old concrete blocks around culvert sides (failing)

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom
Cast-in-place Culvert Open Bottom Closed Bottom
Bridge

X Other CSP, closed bottom

Material
Concrete Bridge Aluminum X Corrugated Steel Other

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
X Circular Box Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 1.55 m Height (m) 1.5 m Length (m) Age 10+ years

PARISH
geomorphic Stream Crossing Assessment Form
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition
X Good Collapsed Mechanical Damage Rust Other

Evidence of Flow Restriction and Erosion Upstream of Crossing
No Pooling X Minor Pooling Major Pooling
No Erosion X Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Relative Crossing Sizing
Channel Width < Opening X X Channel Width = Opening Channel Width > Opening

Embankment Erosion Protection
Rip Rap Vegetation Armour Stone
Slope Paving Retaining Wall X Other concrete blocls

X None
Debris Trapping

No Debris Minor Debris X Major Debris

Evidence of:
Patching or pavement built-up yes X X no
Cracks running parallel to the structure centerline yes X X no
Erosion or failure of the embankment slope over the structure X X yes no
Sink holes over the structure yes X X no

Substrate Present Through Crossing? yes X no Comment:

Substrate Type Natural Constructed Comment:

Concerns Regarding Fish Passage? X yes no Comment: woody debris jam blocking 
upstream culvert connection

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: Away from road N/A

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: sinuous upstream, bank erosion around meanders, channel substrate clay and fine gravel
gravel potentially sourced from parking lots above during rainfall

no erosion downstream, channels straight not sinuous, no floodplain channel is bordered by gravel lots
Channel substrate consists of clay and fine gravel

PARISH
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Date: Sept 9/20 Stream: Crossing 3 Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) no bankfull upstream (design) Bankfull Depth (m) no bankfull upstream (design)
1.2 m 0.3 m

Wetted Width (m) 2.95 at culvert Wetted Depth (m) 0.5 m in culvert
0.6 m 0.15 m

Gradient X Low Medium High Entrenchment Low Medium High

Sinuosity X Low Medium High Valley Setting unconfined

Riparian Vegetation Width (m) ~10 m Type cattails, grass

Channel Disturbance Channel being realigned upstream (ongoing construction)

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom
Cast-in-place Culvert X Open Bottom Closed Bottom
Bridge

X Other CSP arch, open bottom

Material
Concrete Bridge Aluminum X Corrugated Steel Other

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
Circular Box X Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 2.90 Height (m) 1.78 Length (m) Age 10+ years

PARISH
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition
X Good Collapsed Mechanical Damage Rust Other

Evidence of Flow Restriction and Erosion Upstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
X No Pooling Minor Pooling Major Pooling

No Erosion X Minor Erosion Major Erosion

Relative Crossing Sizing
X Channel Width < Opening Channel Width = Opening Channel Width > Opening

channel widened at culvert
Embankment Erosion Protection X

Riprap Vegetation X Armour Stone around culvert
Slope Paving Retaining Wall Other 

Debris Trapping
X No Debris Minor Debris Major Debris

Evidence of:
Patching or pavement built-up yes X X no
Cracks running parallel to the structure centerline yes X X no
Erosion or failure of the embankment slope over the structure yes X X no
Sink holes over the structure yes X X no

Substrate Present Through Crossing? X yes no Comment: gravel, cobbles (sourced from bank likely)

Substrate Type X Natural Constructed Comment:

Concerns Regarding Fish Passage? yes X no Comment:

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: skewed ~45 degrees to road

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High X Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: channel undergoing realignment, being shifted east
channel flows towards right of culvert, gravel bar has formed towards downstream end of culvert

can see culvert footings, minor bed erosion, outlets into ditch with mowed lawn on either side
cobbles on bed throughout ditch (possibly placed?)

PARISH
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Date: Sept 9/20 Stream: Crossing 4 Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) 5.5 m Bankfull Depth (m) 0.4 m

Wetted Width (m) 2.1 m Wetted Depth (m) 0.1

Gradient X Low Medium High Entrenchment Low Medium High

Sinuosity X Low Medium High Valley Setting confined by road

Riparian Vegetation Width (m) Type straightened ditch, mowed grass on either side

Channel Disturbance riprap at crossing on banks

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom
Cast-in-place Culvert Open Bottom Closed Bottom
Bridge

X Other CSP arch, closed bottom

Material
Concrete Bridge Aluminum X Corrugated Steel Other

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
Circular Box X Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 2.25 m Height (m) 1.62 m Length (m) Age 10+yrs

PARISH
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition
X Good Collapsed Mechanical Damage Rust Other light rust marks

Evidence of Flow Restriction and Erosion Upstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
No Pooling X Minor Pooling Major Pooling

X No Erosion Minor Erosion Major Erosion

Relative Crossing Sizing
Channel Width < Opening X X Channel Width = Opening Channel Width > Opening

Embankment Erosion Protection
X Riprap X Vegetation Armour Stone

Slope Paving Retaining Wall Other 

Debris Trapping
X No Debris Minor Debris Major Debris

Evidence of:
Patching or pavement built-up yes X X no
Cracks running parallel to the structure centerline yes X X no
Erosion or failure of the embankment slope over the structure yes X X no
Sink holes over the structure yes X X no

Substrate Present Through Crossing? yes X no Comment:

Substrate Type Natural Constructed Comment:

Concerns Regarding Fish Passage? yes X no Comment:

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: parallel to road

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High X Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: cattails ~10 m upstream of crossing, fine substrates, culvert protected by riprap

pooling downstream, remains ditched, channel choked with cattails
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Date: Sept 9/20 Stream: Crossing 5 Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) 3.5 m Bankfull Depth (m) 0.6 m

Wetted Width (m) 1.7 m Wetted Depth (m) 0.2

Gradient X Low Medium High Entrenchment Low Medium High

Sinuosity X Low Medium High Valley Setting confined by road

Riparian Vegetation Width (m) Type straightened ditch, grass on either side

Channel Disturbance riprap at crossing on banks and road embankment

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom
Cast-in-place Culvert Open Bottom Closed Bottom
Bridge

X Other CSP arch, closed bottom

Material
Concrete Bridge Aluminum X Corrugated Steel Other

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
Circular Box X Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 2.08 m Height (m) 1.45 m Length (m) Age 10+yrs

PARISH
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition X
Good Collapsed Mechanical Damage X Rust Other rusting through bottom

Evidence of Flow Restriction and Erosion Upstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Relative Crossing Sizing
Channel Width < Opening X X Channel Width = Opening Channel Width > Opening

Embankment Erosion Protection
X Riprap X Vegetation Armour Stone

Slope Paving Retaining Wall Other 

Debris Trapping
X No Debris Minor Debris Major Debris

Evidence of:
Patching or pavement built-up yes X X no
Cracks running parallel to the structure centerline yes X X no
Erosion or failure of the embankment slope over the structure yes X X no
Sink holes over the structure yes X X no

Substrate Present Through Crossing? yes X no Comment:

Substrate Type Natural Constructed Comment:

Concerns Regarding Fish Passage? yes X no Comment:

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: parallel to road

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High X Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: ditch lined with cattails upstream

0.9 m concrete box on right bank (likely storm sewer related)
ditch downstream lined with more cattails

PARISH
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Date: Sept 9/20 Stream: Crossing 6 Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) 3 m Bankfull Depth (m) 0.4 m

Wetted Width (m) 1.6 m Wetted Depth (m) 0.06 m

Gradient X Low Medium High Entrenchment Low Medium High

Sinuosity X Low Medium High Valley Setting confined by road

Riparian Vegetation Width (m) Type straightened ditch, road and parking lot on either side

Channel Disturbance none

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom
Cast-in-place Culvert Open Bottom Closed Bottom
Bridge

X Other CSP arch, closed bottom

Material
Concrete Bridge Aluminum X Corrugated Steel Other

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
Circular Box X Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 2.25 m Height (m) 1.62 m Length (m) Age 10+yrs

PARISH
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition
Good Collapsed Mechanical Damage X Rust Other light rust marks

Evidence of Flow Restriction and Erosion Upstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Relative Crossing Sizing
Channel Width < Opening X X Channel Width = Opening Channel Width > Opening

Embankment Erosion Protection
Riprap Vegetation Armour Stone
Slope Paving Retaining Wall X Other none

X
Debris Trapping
X No Debris Minor Debris Major Debris

Evidence of:
Patching or pavement built-up yes X X no
Cracks running parallel to the structure centerline yes X X no
Erosion or failure of the embankment slope over the structure yes X X no
Sink holes over the structure yes X X no

Substrate Present Through Crossing? yes X no Comment:

Substrate Type Natural Constructed Comment:

Concerns Regarding Fish Passage? yes X no Comment:

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: parallel to road

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High X Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: cattails upstream of culvert

downstream becomes sinuous as channel meanders through forested area

PARISH
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Date: Sept 9/20 Stream: Crossing 7 Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) 4 m Bankfull Depth (m) 0.6 m

Wetted Width (m) 2.5 m Wetted Depth (m) 0.3 m at culvert, 0.15 m u/s

Gradient X Low Medium High Entrenchment Low Medium High

Sinuosity X Low Medium High Valley Setting confined by road

Riparian Vegetation Width (m) Type straightened ditch, meadow on left

Channel Disturbance none

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom

X Cast-in-place Culvert X Open Bottom Closed Bottom
Bridge
Other

Material
X Concrete Bridge Aluminum Corrugated Steel Other

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
Circular X Box Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 4.55 m Height (m) 1.5 m Length (m) Age new

PARISH
geomorphic Stream Crossing Assessment Form
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition
X Good Collapsed Mechanical Damage Rust Other

Evidence of Flow Restriction and Erosion Upstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Relative Crossing Sizing
X Channel Width < Opening Channel Width = Opening Channel Width > Opening
X
Embankment Erosion Protection

Riprap Vegetation Armour Stone
Slope Paving Retaining Wall X Other none

X
Debris Trapping
X No Debris Minor Debris Major Debris

Evidence of:
Patching or pavement built-up yes X X no
Cracks running parallel to the structure centerline yes X X no
Erosion or failure of the embankment slope over the structure yes X X no
Sink holes over the structure yes X X no

Substrate Present Through Crossing? yes X no Comment: silt, small gravel,sediment buildup at downstream end

Substrate Type X Natural Constructed Comment:

Concerns Regarding Fish Passage? yes X no Comment:

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: parallel to road

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High X Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: ditch with cattails upstream, no erosion

sediment buildup at downstream culvert outlet, debris caught in cattails, ditch continues

PARISH
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Date: Sept 9/20 Stream: Crossing 8 Crew: NC/PC
Road Name: Regional Road 50 Recorder: NC 
Location: Caledon Weather Description: overcast, 20 degrees

black = upstream of crossing
Channel Dimensions (Measured/Estimated) red = downstream

Bankfull Width (m) 3 m Bankfull Depth (m) 0.7 m

Wetted Width (m) 1.1 m Wetted Depth (m) 0.2 m

Gradient X Low Medium High Entrenchment Low Medium High

Sinuosity X Low Medium High Valley Setting confined by road

Riparian Vegetation Width (m) Type straightened ditch, no floodplain

Channel Disturbance armourstone on bank against road

Cross-sectional Sketch: Planform Sketch:

Road Type (Highway, Regional, Local) 

Crossing Type
Pre-Cast Culvert Open Bottom Closed Bottom

X Cast-in-place Culvert X Open Bottom Closed Bottom
Bridge
Other

Material
X Concrete Bridge Aluminum Corrugated Steel Other

Bridge Design
Free Span Piers Abutments Number of Spans

Culvert Shape
Circular X Box Arch Elliptical Mulitple (#             ) Other

Dimensions
Width (m) 4.55 m Height (m) 1.62 m Length (m) Age new

PARISH
geomorphic Stream Crossing Assessment Form
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Date: Stream: Crew:
Road Name: Recorder:

Structure Condition
X Good Collapsed Mechanical Damage Rust Other

Evidence of Flow Restriction and Erosion Upstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Evidence of Scour Pool and Erosion Downstream of Crossing
X No Pooling Minor Pooling Major Pooling
X No Erosion Minor Erosion Major Erosion

Relative Crossing Sizing
X Channel Width < Opening Channel Width = Opening Channel Width > Opening
X
Embankment Erosion Protection

Riprap Vegetation X X Armour Stone
Slope Paving Retaining Wall Other 

Debris Trapping
X No Debris Minor Debris Major Debris

Evidence of:
Patching or pavement built-up yes X X no
Cracks running parallel to the structure centerline yes X X no
Erosion or failure of the embankment slope over the structure yes X X no
Sink holes over the structure yes X X no

Substrate Present Through Crossing? yes X no Comment: silt, small gravel

Substrate Type X Natural Constructed Comment:

Concerns Regarding Fish Passage? yes X no Comment:

Culvert Perched or Overhanging? yes X no Amount (m)

Comment on road alignment with respect to the valley and channel planform: parallel to road

Does Light Penetrate Under Entire Crossing? yes X no Comment:

Noise Level at Time of Inspection High X Medium Low

Photos Taken of Structure?  Upstream ________________    Downstream _________________________

Comments: ditch with cattails upstream, no erosion

cattails at culvert outlet, armourstone against road, no erosion

PARISH
geomorphic Stream Crossing Assessment Form
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1. Upstream of Culvert 1

Matrix Solutions Inc. - September 9, 2020

4. Upstream of Culvert 1
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2. Upstream of Culvert 1

Matrix Solutions Inc. - September 9, 2020

5. Upstream of Culvert 1

Matrix Solutions Inc. - September 9, 2020

3. Upstream of Culvert 1

Matrix Solutions Inc. - September 9, 2020

6. Culvert C1 (Inlet)

RV ANDERSON ASSOCIATES LTD September 9, 2020
REGIONAL ROAD 50  
Culvert 1

177651-30854-522 1 Matrix Solutions Inc.
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7. Culvert C1 (Inlet)

Matrix Solutions Inc. - September 9, 2020

10. Culvert C1a (Inlet)
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8. Culvert C1 (Inlet)

Matrix Solutions Inc. - September 9, 2020

11. Culvert C1a (Inlet)

Matrix Solutions Inc. - September 9, 2020

9. Culvert C1a (Inlet)

Matrix Solutions Inc. - September 9, 2020

12. Culvert C1a (Inlet)

RV ANDERSON ASSOCIATES LTD September 9, 2020
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13. Culvert C1a (Inlet)

Matrix Solutions Inc. - September 9, 2020

16. Culvert 1 Outlet
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14. Culvert 1 Outlet

Matrix Solutions Inc. - September 9, 2020

17. Culvert 1 Outlet

Matrix Solutions Inc. - September 9, 2020

15. Culvert 1 Outlet

Matrix Solutions Inc. - September 9, 2020

18. Culvert 1 Outlet

RV ANDERSON ASSOCIATES LTD September 9, 2020
REGIONAL ROAD 50  
Culvert 1

177651-30854-522 3 Matrix Solutions Inc.
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Channel Condition between Culvert 6 and 7
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Map Created by: Information Management Group, Operations Support, Public Works
Map Number: PW_IMG_GDA_640 (Optimal Plot Size - 11"x17")
Date: December 12, 2017

MINOR CULVERT CONDITION ASSESSMENT
HIGHWAY 50 - REGION OF PEEL

UNDER ENTRANCE 
AT HOME HARDWARE
CONDITION -  FAILED

FROM -  RR050-0237
TO -  RR050-0238
CONDITION -  FAILED

UNDER MCEWAN ROAD
CONDITION -  FAILED

FROM -  RR050-0225
TO -  RR050-0226
CONDITION -  FAILED

FROM -  RR050-0227
TO -  RR050-0228
CONDITION -  FAILED

FROM -  RR050-0247
TO -  RR050-0248
CONDITION -  FAILED

FROM -  RR050-0229
TO -  RR050-0230
CONDITION -  FAILED

FROM -  RR050-0231
TO -  RR050-0232
CONDITION -  FAILED

FROM -  RR050-0233
TO -  RR050-0234
CONDITION -  FAILED

FROM -  RR050-0235
TO -  RR050-0236
CONDITION -  FAILED

FROM -  RR050-0258
TO -  RR050-0257
CONDITION -  FAILED

FROM -  RR050-0255
TO -  RR050-0256
CONDITION -  FAILED

FROM -  RR050-0241
TO -  RR050-0242
CONDITION -  FAILED

FROM -  RR050-0239
TO -  RR050-0240
CONDITION -  FAILED

FROM -  RR050-0219
TO -  RR050-0220
CONDITION -  FAILED

FROM -  RR050-0223
TO -  RR050-0224
CONDITION -  FAILED

FROM -  RR050-0221
TO -  RR050-0222
CONDITION -  FAILED

FROM -  RR050-0217
TO -  RR050-0218
CONDITION -  FAIR

FROM -  RR050-0215
TO -  RR050-0216
CONDITION -  FAIR

FROM -  RR050-0213
TO -  RR050-0214
CONDITION -  FAIR

FROM -  RR050-0211
TO -  RR050-0212
CONDITION -  FAIR

FROM -  RR050-0209
TO -  RR050-0210
CONDITION -  FAIR

FROM -  RR050-0253
TO -  RR050-0254
CONDITION -  FAIR

FROM -  RR050-0207
TO -  RR050-0208
CONDITION -  FAIR
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STORM CULVERT  - FAIR CONDITION 

STORM CULVERT - FAILED CONDITION

PROPERTY PARCEL

STREET NAME

Appendix 7.4



ASSET # INLET ASSET # OUTLET ADDRESS CONDITION OPTION LENGTH SIZE ‐MM GRANULAR HL3 TOPSOIL
CONCRETE
CURB REP

SAW 
CUTTING

RESTORATION/
M

SOIL DISPOSAL
(GRANULAR X 

1.25)
HRS TO 
REPAIR

RR050‐0219 RR050‐0220
12295 NORTH ENTRANCE AT 
ROAD STARTING TO LOSE BOTTOM  LINER 30 600 67 23 15,937.50$        13 1,200.00$             2,000.00$             30

RR050‐0221 RR050‐0222 12343 SOUTH BOTTOM FAILING LINER 19 525 42 15 10,093.75$        8 760.00$                1,266.67$             19
RR050‐0223 RR050‐0224 12343 NORTH BOTTOM FAILING LINER 35 500 78 27 18,593.75$        16 1,400.00$             2,333.33$             35

RR050‐0255 RR050‐0256 1553
HOLE IN TOP IN OUTLET ‐ 
HOLDING WATER 22 600 49 17 11,687.50$        10 880.00$                1,466.67$             22

RR050‐0258 RR050‐0257 12585
FULL OF DEBRIS ‐ LOOKS TO BE 
FAILING 12 600 27 9 6,375.00$          5 480.00$                800.00$                12

PIPE UNDER ENTRANCE AT 
HOME HARDWARE

PLUGGED, FAILING, 
UNKNOWN OUTLET 30 450 66.66666667 23 15,937.50$        13 1,200.00$             2,000.00$             30

ASSET # INLET ASSET # OUTLET ADDRESS CONDITION OPTION LENGTH SIZE ‐ MM HRS TO REPAIR
UNDER MCEWEN UNABLE TO SEE DUE TO 

WATER; OUTLET HAS 2M 
EXTENSION AND CONCRETED 
OVER BOTH PIPES FOR 
COUPLER 24 900 53 19 12,750.00$        11 960.00$                1,600.00$             24

RR050‐0227 RR050‐0228 S/O MCEWEN
STORM/CULVERT FAILED 
BOTTOM 163.73 900 364 0 6000 86,981.56$        73 6,549.20$             10,915.33$           164

RR050‐0225 RR050‐0226
12596 ‐ TIM'S 
DRIVETHROUGH FAILED 10.86 900 24 8 5,769.38$          5 434.40$                724.00$                11

RR050‐0229 RR050‐0230 HOPCROFT FAILED 34.85 900 77 27 18,514.06$        15 1,394.00$             2,323.33$             35
RR050‐0231 RR050‐0232 12550 FAILED 22.14 600 49 17 11,761.88$        10 885.60$                1,476.00$             22
RR050‐0233 RR050‐0234 12544 FAILED 19.68 900 44 15 10,455.00$        9 787.20$                1,312.00$             20
RR050‐0235 RR050‐0235 12532 FAILED 43.16 900 96 34 22,928.75$        19 1,726.40$             2,877.33$             43
RR050‐0237 RR050‐0238 12500 FAILED 26.02 700 58 20 13,823.13$        12 1,040.80$             1,734.67$             26
RR050‐0239 RR050‐0240 12420 FAILED 23.17 600 51 18 12,309.06$        10 926.80$                1,544.67$             23
RR050‐0241 RR050‐0242 12388 FAILING 17.93 600 40 14 9,525.31$          8 717.20$                1,195.33$             18

RR050‐0247 RR050‐0248

GREEN PVC AT NEW 
ROADWAY (AGROCROP 
RD??) NEEDS PROPER CULVERT 30.811 400 68 24 16,368.34$        14 1,232.44$             2,054.07$             31

TOPSOIL 6000 1254 312 6000 299,811.47$     251 22,574.04$           37,623.40$          
GRANULAR "A" 1254.11
HL3 312 * AVG HOURS FOR REPAIR IS 10 FOR EVERY 9 M
C&G REPAIR 299811
SAW CUTTING 251 
RESTORATION  $                              22,574.04 
SOIL DISPOSAL  $                              37,623.40 

NORTHBOUND FROM MAYFIELD RD

SOUTHBOUND FROM HEALEY RD



ASSET # INLET
ASSET #
OUTLET ADDRESS CONDITION OPTION LENGTH SIZE -MM GRANULAR HL3 TOPSOIL

HRS TO
REPAIR

RR050-0207 RR050-0208 12207 KING ST (20) FAIR 109 500 48

RR050-0209 RR050-0210 S/O PARR (21) MULTIPLATE - FAIR 17
2300 STORM

MAIN? 8

RR050-0211 RR050-0212 OPPOSITE PARR (22)(031) FAIR 24
2100 STORM

MAIN? 11

RR050-0213 RR050-0214 12295 N/O PARR (24) MULTIPLATE - FAIR 23
2300 STORM

MAIN? 10

RR050-0215 RR050-0216

12296 NORTH ENTRANCE IN
FROM ROAD (Not
Identified/Provided) 16

3000 STORM
MAIN? 7

RR050-0217 RR050-0218 N/O 12295 (27) FIELD ENTRANCE - GOOD 9 600 4
RR050-0253 RR050-0254 12543 (09) FAIR 24 600 11

NORTHBOUND FROM MAYFIELD RD



ASSET # INLET ASSET # OUTLET ADDRESS CONDITION OPTION LENGTH SIZE - MM HRS TO REPAIR
UNDER MCEWEN (4-5) UNABLE TO SEE DUE TO

WATER; OUTLET HAS 2M
EXTENSION AND CONCRETED
OVER BOTH PIPES FOR
COUPLER 24 900 53 19 12,750.00$ 11 960.00$ 1,600.00$ 24

RR050-0227 RR050-0228 S/O MCEWEN (4)(5)
STORM/CULVERT FAILED
BOTTOM 163.73 900 364 0 6000 86,981.56$ 73 6,549.20$ 10,915.33$ 164

RR050-0225 RR050-0226
12596 - TIM'S
DRIVETHROUGH (6) FAILED 10.86 900 24 8 5,769.38$ 5 434.40$ 724.00$ 11

RR050-0229 RR050-0230 HOPCROFT (7) FAILED 34.85 900 77 27 18,514.06$ 15 1,394.00$ 2,323.33$ 35
RR050-0231 RR050-0232 12550 (8) FAILED 22.14 600 49 17 11,761.88$ 10 885.60$ 1,476.00$ 22
RR050-0233 RR050-0234 12544 (9) FAILED 19.68 900 44 15 10,455.00$ 9 787.20$ 1,312.00$ 20
RR050-0235 RR050-0235 12532 (10) FAILED 43.16 900 96 34 22,928.75$ 19 1,726.40$ 2,877.33$ 43
RR050-0237 RR050-0238 12500 (11) FAILED 26.02 700 58 20 13,823.13$ 12 1,040.80$ 1,734.67$ 26
RR050-0239 RR050-0240 12420 (14) FAILED 23.17 600 51 18 12,309.06$ 10 926.80$ 1,544.67$ 23
RR050-0241 RR050-0242 12388 (15) FAILING 17.93 600 40 14 9,525.31$ 8 717.20$ 1,195.33$ 18

RR050-0247 RR050-0248

GREEN PVC AT NEW
ROADWAY (AGROCROP
RD??) (Not Included in
Design) NEEDS PROPER CULVERT 30.811 400 68 24 16,368.34$ 14 1,232.44$ 2,054.07$ 31

SOUTHBOUND FROM HEALEY RD



ASSET # INLET ASSET # OUTLET ADDRESS CONDITION OPTION LENGTH SIZE -MM GRANULAR HL3 TOPSOIL
CONCRETE
CURB REP

SAW
CUTTING

RESTORATION/
M

SOIL DISPOSAL
(GRANULAR X

1.25)
HRS TO
REPAIR

RR050-0219 RR050-0220
12295 NORTH ENTRANCE AT
ROAD (26) STARTING TO LOSE BOTTOM LINER 30 600 67 23 15,937.50$ 13 1,200.00$ 2,000.00$ 30

RR050-0221 RR050-0222 12343 SOUTH (28) BOTTOM FAILING LINER 19 525 42 15 10,093.75$ 8 760.00$ 1,266.67$ 19
RR050-0223 RR050-0224 12343 NORTH (29) BOTTOM FAILING LINER 35 500 78 27 18,593.75$ 16 1,400.00$ 2,333.33$ 35

RR050-0255 RR050-0256 1(2)553 (09)
HOLE IN TOP IN OUTLET -
HOLDING WATER 22 600 49 17 11,687.50$ 10 880.00$ 1,466.67$ 22

RR050-0258 RR050-0257 12585 (036)
FULL OF DEBRIS - LOOKS TO BE
FAILING 12 600 27 9 6,375.00$ 5 480.00$ 800.00$ 12

PIPE UNDER ENTRANCE AT
HOME HARDWARE (Not
identified)

PLUGGED, FAILING,
UNKNOWN OUTLET 30 450 66.66666667 23 15,937.50$ 13 1,200.00$ 2,000.00$ 30

ASSET # INLET ASSET # OUTLET ADDRESS CONDITION OPTION LENGTH SIZE - MM HRS TO REPAIR
UNDER MCEWEN (Not
Identified)

UNABLE TO SEE DUE TO
WATER; OUTLET HAS 2M
EXTENSION AND CONCRETED
OVER BOTH PIPES FOR
COUPLER 24 900 53 19 12,750.00$ 11 960.00$ 1,600.00$ 24

RR050-0227 RR050-0228 S/O MCEWEN (4)(5)
STORM/CULVERT FAILED
BOTTOM 163.73 900 364 0 6000 86,981.56$ 73 6,549.20$ 10,915.33$ 164

RR050-0225 RR050-0226
12596 - TIM'S
DRIVETHROUGH (6) FAILED 10.86 900 24 8 5,769.38$ 5 434.40$ 724.00$ 11

RR050-0229 RR050-0230 HOPCROFT (7) FAILED 34.85 900 77 27 18,514.06$ 15 1,394.00$ 2,323.33$ 35
RR050-0231 RR050-0232 12550 (8) FAILED 22.14 600 49 17 11,761.88$ 10 885.60$ 1,476.00$ 22
RR050-0233 RR050-0234 12544 (9) FAILED 19.68 900 44 15 10,455.00$ 9 787.20$ 1,312.00$ 20
RR050-0235 RR050-0235 12532 (10) FAILED 43.16 900 96 34 22,928.75$ 19 1,726.40$ 2,877.33$ 43
RR050-0237 RR050-0238 12500 (11) FAILED 26.02 700 58 20 13,823.13$ 12 1,040.80$ 1,734.67$ 26
RR050-0239 RR050-0240 12420 (14) FAILED 23.17 600 51 18 12,309.06$ 10 926.80$ 1,544.67$ 23
RR050-0241 RR050-0242 12388 (15) FAILING 17.93 600 40 14 9,525.31$ 8 717.20$ 1,195.33$ 18

RR050-0247 RR050-0248

GREEN PVC AT NEW
ROADWAY (AGROCROP
RD??) (Not Included in
Design) NEEDS PROPER CULVERT 30.811 400 68 24 16,368.34$ 14 1,232.44$ 2,054.07$ 31

NORTHBOUND FROM MAYFIELD RD

SOUTHBOUND FROM HEALEY RD



APPENDIX F  
HEC-RAS Output 

 

 

  



APPENDIX F HEC-RAS OUTPUT 

Item 1 – Spilling Extent on Cross-sections 
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APPENDIX F HEC-RAS OUTPUT 

Item 2 – Hydraulic Table of Cross-section



  

HEC-RAS  Plan: Matrix - RR50 Dec08 2020   River: CEG_DESIGN   Reach: REACH1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

REACH1 2224.08 2-Year 1.98 242.90 243.42 243.29 243.44 0.004498 0.88 2.93 18.18 0.49

REACH1 2224.08 5-Year 2.82 242.90 243.46 243.49 0.004513 0.95 3.78 18.29 0.50

REACH1 2224.08 10-Year 3.39 242.90 243.50 243.53 0.003958 0.93 4.45 18.37 0.48

REACH1 2224.08 25-Year 4.27 242.90 243.55 243.58 0.003331 0.93 5.45 19.68 0.45

REACH1 2224.08 50-Year 5.05 242.90 243.60 243.63 0.002866 0.92 6.37 20.78 0.42

REACH1 2224.08 100-Year 5.73 242.90 243.64 243.67 0.002455 0.90 7.29 22.70 0.40

REACH1 2224.08 Regional 8.70 242.90 243.67 243.56 243.73 0.004438 1.26 7.93 24.02 0.54

REACH1 2224.07 2-Year 1.98 241.78 242.27 242.25 242.42 0.011890 1.75 1.34 4.63 0.85

REACH1 2224.07 5-Year 2.82 241.78 242.39 242.35 242.54 0.009610 1.85 1.94 5.59 0.79

REACH1 2224.07 10-Year 3.39 241.78 242.43 242.41 242.61 0.010802 2.04 2.15 5.89 0.85

REACH1 2224.07 25-Year 4.27 241.78 242.47 242.47 242.71 0.012643 2.32 2.43 6.27 0.93

REACH1 2224.07 50-Year 5.05 241.78 242.51 242.49 242.79 0.014533 2.58 2.67 7.09 1.00

REACH1 2224.07 100-Year 5.73 241.78 242.53 242.49 242.88 0.016907 2.85 2.85 8.47 1.09

REACH1 2224.07 Regional 8.70 241.78 242.82 242.82 242.96 0.005979 2.13 7.93 27.28 0.69

REACH1 2224.06 2-Year 1.98 241.50 241.80 241.77 241.85 0.008355 1.04 2.20 14.08 0.66

REACH1 2224.06 5-Year 2.82 241.50 241.81 241.81 241.90 0.013974 1.38 2.36 14.59 0.86

REACH1 2224.06 10-Year 3.39 241.50 241.84 241.84 241.93 0.013434 1.44 2.74 15.73 0.86

REACH1 2224.06 25-Year 4.27 241.50 241.87 241.87 241.97 0.012895 1.52 3.29 17.25 0.86

REACH1 2224.06 50-Year 5.05 241.50 241.90 241.90 242.00 0.012625 1.58 3.75 18.43 0.86

REACH1 2224.06 100-Year 5.73 241.50 241.92 241.92 242.03 0.012263 1.62 4.16 19.41 0.85

REACH1 2224.06 Regional 8.70 241.50 242.00 242.00 242.12 0.011498 1.78 5.78 22.97 0.85

REACH1 2224.05 2-Year 1.98 241.00 241.54 241.57 0.003806 0.88 5.78 55.74 0.46

REACH1 2224.05 5-Year 2.82 241.00 241.65 241.65 0.001173 0.58 11.85 62.04 0.27

REACH1 2224.05 10-Year 3.39 241.00 241.67 241.68 0.001236 0.61 13.20 63.67 0.28

REACH1 2224.05 25-Year 4.27 241.00 241.70 241.71 0.001231 0.64 15.46 66.84 0.28

REACH1 2224.05 50-Year 5.05 241.00 241.73 241.74 0.001244 0.66 17.24 69.24 0.28

REACH1 2224.05 100-Year 5.73 241.00 241.75 241.76 0.001247 0.68 18.72 70.45 0.28

REACH1 2224.05 Regional 8.70 241.00 241.82 241.83 0.001403 0.77 23.58 74.12 0.31

REACH1 2224.04 2-Year 1.98 240.50 241.56 241.56 0.000003 0.04 52.52 116.35 0.01

REACH1 2224.04 5-Year 2.82 240.50 241.65 241.65 0.000004 0.05 64.00 125.07 0.02

REACH1 2224.04 10-Year 3.39 240.50 241.67 241.67 0.000005 0.06 66.73 127.06 0.02

REACH1 2224.04 25-Year 4.27 240.50 241.71 241.71 0.000007 0.07 71.15 130.21 0.02

REACH1 2224.04 50-Year 5.05 240.50 241.73 241.73 0.000008 0.08 74.56 132.59 0.03

REACH1 2224.04 100-Year 5.73 240.50 241.75 241.75 0.000010 0.09 77.36 134.51 0.03

REACH1 2224.04 Regional 8.70 240.50 241.82 241.82 0.000018 0.13 86.55 140.57 0.04

REACH1 2224.03 2-Year 1.98 240.50 241.56 241.56 0.000002 0.04 60.27 71.69 0.01

REACH1 2224.03 5-Year 2.82 240.50 241.65 241.65 0.000003 0.05 67.12 72.43 0.02

REACH1 2224.03 10-Year 3.39 240.50 241.67 241.67 0.000004 0.06 68.69 72.60 0.02

REACH1 2224.03 25-Year 4.27 240.50 241.71 241.71 0.000006 0.08 71.18 72.87 0.02

REACH1 2224.03 50-Year 5.05 240.50 241.73 241.73 0.000008 0.09 73.19 94.10 0.03

REACH1 2224.03 100-Year 5.73 240.50 241.75 241.75 0.000010 0.10 75.54 131.16 0.03

REACH1 2224.03 Regional 8.70 240.50 241.82 241.82 0.000019 0.14 86.71 182.90 0.04

REACH1 2224.02 2-Year 1.98 240.27 241.53 241.06 241.55 0.002733 0.72 5.02 37.72 0.39

REACH1 2224.02 5-Year 2.82 240.27 241.63 241.45 241.65 0.001557 0.65 9.24 43.57 0.31

REACH1 2224.02 10-Year 3.39 240.27 241.65 241.48 241.67 0.001876 0.73 10.00 44.55 0.34

REACH1 2224.02 25-Year 4.27 240.27 241.68 241.49 241.70 0.002236 0.83 11.30 46.17 0.38

REACH1 2224.02 50-Year 5.05 240.27 241.70 241.56 241.72 0.002573 0.92 12.27 47.33 0.41

REACH1 2224.02 100-Year 5.73 240.27 241.71 241.58 241.74 0.003444 1.07 12.64 55.71 0.47

REACH1 2224.02 Regional 8.70 240.27 241.71 241.65 241.79 0.007943 1.63 12.83 60.26 0.72

REACH1 2224.015 Culvert

REACH1 2224.01 2-Year 1.98 239.91 240.78 240.78 241.17 0.013871 2.77 0.71 12.20 1.00

REACH1 2224.01 5-Year 2.82 239.91 240.99 240.99 241.48 0.012867 3.12 0.90 70.67 1.01

REACH1 2224.01 10-Year 3.39 239.91 241.23 241.23 241.28 0.010668 1.32 7.69 88.32 0.75

REACH1 2224.01 25-Year 4.27 239.91 241.26 241.26 241.30 0.009672 1.32 9.96 95.46 0.72

REACH1 2224.01 50-Year 5.05 239.91 241.27 241.27 241.32 0.012007 1.49 10.47 96.06 0.81

REACH1 2224.01 100-Year 5.73 239.91 241.27 241.27 241.33 0.012889 1.57 11.29 97.26 0.84

REACH1 2224.01 Regional 8.70 239.91 241.31 241.31 241.38 0.015252 1.82 14.68 101.37 0.93

REACH1 2223.56 2-Year 2.46 239.85 240.63 240.63 240.69 0.007054 1.31 5.93 60.54 0.62

REACH1 2223.56 5-Year 3.50 239.85 240.66 240.66 240.73 0.008519 1.50 7.93 70.32 0.68

REACH1 2223.56 10-Year 4.21 239.85 240.68 240.68 240.74 0.008975 1.57 9.17 71.70 0.71

REACH1 2223.56 25-Year 5.30 239.85 240.70 240.70 240.77 0.009588 1.68 10.87 73.55 0.74

REACH1 2223.56 50-Year 6.27 239.85 240.72 240.72 240.79 0.010353 1.78 12.10 74.87 0.77

REACH1 2223.56 100-Year 7.11 239.85 240.74 240.74 240.80 0.009930 1.78 13.57 75.78 0.76

REACH1 2223.56 Regional 10.80 239.85 240.78 240.78 240.86 0.012542 2.11 16.97 77.18 0.86

REACH1 2223.55 2-Year 2.46 239.56 240.53 240.53 0.000055 0.18 28.81 89.49 0.06

REACH1 2223.55 5-Year 3.50 239.56 240.55 240.55 0.000097 0.25 30.60 90.86 0.09

REACH1 2223.55 10-Year 4.21 239.56 240.56 240.56 0.000130 0.29 31.75 91.75 0.10

REACH1 2223.55 25-Year 5.30 239.56 240.58 240.59 0.000184 0.35 33.53 93.10 0.12

REACH1 2223.55 50-Year 6.27 239.56 240.60 240.60 0.000236 0.40 34.85 94.09 0.14



HEC-RAS  Plan: Matrix - RR50 Dec08 2020   River: CEG_DESIGN   Reach: REACH1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

REACH1 2223.55 100-Year 7.11 239.56 240.61 240.61 0.000284 0.44 35.95 94.91 0.15

REACH1 2223.55 Regional 10.80 239.56 240.65 240.66 0.000514 0.61 40.06 97.90 0.20

REACH1 2223.54 2-Year 2.46 239.55 240.52 240.44 240.53 0.002920 0.62 9.81 104.96 0.39

REACH1 2223.54 5-Year 3.50 239.55 240.53 240.46 240.54 0.003696 0.72 11.50 107.82 0.44

REACH1 2223.54 10-Year 4.21 239.55 240.54 240.48 240.55 0.003961 0.77 12.67 109.74 0.46

REACH1 2223.54 25-Year 5.30 239.55 240.56 240.51 240.57 0.003967 0.80 14.62 112.76 0.46

REACH1 2223.54 50-Year 6.27 239.55 240.57 240.52 240.59 0.004144 0.84 15.96 114.11 0.48

REACH1 2223.54 100-Year 7.11 239.55 240.58 240.53 240.60 0.004210 0.86 17.12 115.25 0.48

REACH1 2223.54 Regional 10.80 239.55 240.62 240.56 240.64 0.004748 0.98 21.21 119.76 0.52

REACH1 2223.535 Culvert

REACH1 2223.53 2-Year 2.46 239.25 240.35 240.35 240.39 0.017492 1.23 4.77 51.87 0.88

REACH1 2223.53 5-Year 3.50 239.25 240.36 240.36 240.43 0.026762 1.58 5.33 52.65 1.10

REACH1 2223.53 10-Year 4.21 239.25 240.39 240.39 240.44 0.020302 1.49 6.84 55.19 0.98

REACH1 2223.53 25-Year 5.30 239.25 240.40 240.40 240.47 0.022731 1.65 7.83 57.60 1.05

REACH1 2223.53 50-Year 6.27 239.25 240.41 240.41 240.49 0.026366 1.83 8.38 58.20 1.13

REACH1 2223.53 100-Year 7.11 239.25 240.42 240.42 240.51 0.030906 2.00 8.67 58.50 1.23

REACH1 2223.53 Regional 10.80 239.25 240.49 240.49 240.58 0.026290 2.15 13.11 74.68 1.18

REACH1 2223.52 2-Year 2.46 239.15 239.84 239.89 0.007753 1.18 4.15 24.75 0.65

REACH1 2223.52 5-Year 3.50 239.15 239.89 239.95 0.008378 1.35 5.51 28.49 0.69

REACH1 2223.52 10-Year 4.21 239.15 239.96 240.01 0.005720 1.24 7.67 33.78 0.58

REACH1 2223.52 25-Year 5.30 239.15 240.03 240.08 0.004617 1.23 10.20 38.07 0.54

REACH1 2223.52 50-Year 6.27 239.15 240.09 240.13 0.003993 1.22 12.34 40.39 0.51

REACH1 2223.52 100-Year 7.11 239.15 240.14 240.17 0.003491 1.20 14.34 42.44 0.48

REACH1 2223.52 Regional 10.80 239.15 240.31 240.34 0.002624 1.22 22.11 49.67 0.43

REACH1 2223.51 2-Year 2.46 238.75 239.42 239.49 0.004474 1.24 2.60 8.95 0.54

REACH1 2223.51 5-Year 3.50 238.75 239.59 239.64 0.002809 1.17 4.35 12.17 0.45

REACH1 2223.51 10-Year 4.21 238.75 239.58 239.66 0.004353 1.44 4.22 11.98 0.55

REACH1 2223.51 25-Year 5.30 238.75 239.62 239.73 0.005087 1.63 4.83 12.83 0.60

REACH1 2223.51 50-Year 6.27 238.75 239.66 239.79 0.005785 1.79 5.29 13.44 0.65

REACH1 2223.51 100-Year 7.11 238.75 239.67 239.60 239.83 0.006932 1.99 5.45 13.65 0.71

REACH1 2223.51 Regional 10.80 238.75 239.77 239.76 240.01 0.009373 2.50 6.90 15.46 0.85

REACH1 2223.50 2-Year 2.46 238.52 239.44 239.44 0.000088 0.25 22.23 38.65 0.08

REACH1 2223.50 5-Year 3.50 238.52 239.60 239.60 0.000089 0.28 28.62 41.86 0.09

REACH1 2223.50 10-Year 4.21 238.52 239.59 239.60 0.000132 0.34 28.44 41.78 0.11

REACH1 2223.50 25-Year 5.30 238.52 239.65 239.65 0.000170 0.40 30.65 42.87 0.12

REACH1 2223.50 50-Year 6.27 238.52 239.68 239.69 0.000207 0.45 32.32 43.67 0.13

REACH1 2223.50 100-Year 7.11 238.52 239.70 239.71 0.000249 0.50 33.10 44.05 0.15

REACH1 2223.50 Regional 10.80 238.52 239.82 239.83 0.000391 0.66 38.22 46.40 0.19

REACH1 2223.49 2-Year 2.46 238.04 239.41 238.84 239.43 0.001205 0.76 9.00 38.47 0.29

REACH1 2223.49 5-Year 3.50 238.04 239.59 239.05 239.59 0.000617 0.63 15.88 42.52 0.22

REACH1 2223.49 10-Year 4.21 238.04 239.57 239.35 239.59 0.000966 0.78 15.40 42.23 0.27

REACH1 2223.49 25-Year 5.30 238.04 239.62 239.39 239.64 0.001099 0.86 17.53 43.50 0.29

REACH1 2223.49 50-Year 6.27 238.04 239.66 239.42 239.68 0.001230 0.94 19.10 44.42 0.31

REACH1 2223.49 100-Year 7.11 238.04 239.67 239.44 239.69 0.001462 1.03 19.68 44.75 0.34

REACH1 2223.49 Regional 10.80 238.04 239.78 239.51 239.81 0.001897 1.26 24.47 47.41 0.39

REACH1 2223.485 Culvert

REACH1 2223.48 2-Year 2.46 237.92 238.84 238.84 239.25 0.014988 2.81 0.87 19.40 1.01

REACH1 2223.48 5-Year 3.50 237.92 239.05 239.05 239.56 0.013924 3.17 1.10 22.56 1.01

REACH1 2223.48 10-Year 4.21 237.92 239.29 239.29 239.38 0.009684 1.63 4.89 28.59 0.75

REACH1 2223.48 25-Year 5.30 237.92 239.32 239.32 239.42 0.010260 1.75 5.80 29.39 0.78

REACH1 2223.48 50-Year 6.27 237.92 239.36 239.36 239.45 0.009149 1.73 6.94 30.37 0.74

REACH1 2223.48 100-Year 7.11 237.92 239.36 239.36 239.48 0.010943 1.90 7.13 30.53 0.81

REACH1 2223.48 Regional 10.80 237.92 239.45 239.45 239.58 0.010451 2.05 9.88 32.75 0.81

REACH1 2223.47 2-Year 2.46 237.80 238.55 238.55 0.000166 0.20 12.43 31.47 0.10

REACH1 2223.47 5-Year 3.50 237.80 238.61 238.61 0.000209 0.24 14.39 31.75 0.12

REACH1 2223.47 10-Year 4.21 237.80 238.65 238.65 0.000236 0.27 15.54 31.92 0.12

REACH1 2223.47 25-Year 5.30 237.80 238.69 238.70 0.000278 0.31 17.02 32.13 0.14

REACH1 2223.47 50-Year 6.27 237.80 238.73 238.73 0.000314 0.34 18.21 32.29 0.15

REACH1 2223.47 100-Year 7.11 237.80 238.77 238.77 0.000328 0.37 19.42 32.47 0.15

REACH1 2223.47 Regional 10.80 237.80 238.83 238.84 0.000551 0.50 21.42 32.75 0.20

REACH1 2223.46 2-Year 2.46 237.57 238.54 238.54 0.000047 0.19 28.53 44.13 0.06

REACH1 2223.46 5-Year 3.50 237.57 238.60 238.60 0.000074 0.25 31.17 44.87 0.08

REACH1 2223.46 10-Year 4.21 237.57 238.64 238.64 0.000093 0.28 32.72 45.30 0.09

REACH1 2223.46 25-Year 5.30 237.57 238.68 238.68 0.000124 0.34 34.70 45.85 0.10

REACH1 2223.46 50-Year 6.27 237.57 238.71 238.72 0.000153 0.38 36.29 46.28 0.12

REACH1 2223.46 100-Year 7.11 237.57 238.75 238.75 0.000173 0.41 37.97 46.73 0.12

REACH1 2223.46 Regional 10.80 237.57 238.80 238.81 0.000338 0.60 40.19 47.32 0.17
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REACH1 2223.45 2-Year 4.24 237.00 238.54 238.54 0.000108 0.38 30.73 34.87 0.10

REACH1 2223.45 5-Year 6.03 237.00 238.59 238.59 0.000187 0.52 32.68 36.04 0.13

REACH1 2223.45 10-Year 7.26 237.00 238.62 238.63 0.000248 0.60 33.81 36.67 0.15

REACH1 2223.45 25-Year 8.94 237.00 238.66 238.67 0.000339 0.71 35.24 37.44 0.18

REACH1 2223.45 50-Year 10.27 237.00 238.69 238.70 0.000412 0.80 36.39 38.06 0.20

REACH1 2223.45 100-Year 11.79 237.00 238.72 238.73 0.000499 0.89 37.59 38.70 0.22

REACH1 2223.45 Regional 13.84 237.00 238.76 238.77 0.000618 1.00 39.20 43.37 0.24

REACH1 2223.44 2-Year 4.24 236.30 238.53 238.54 0.000052 0.25 27.43 27.51 0.06

REACH1 2223.44 5-Year 6.03 236.30 238.59 238.59 0.000092 0.34 28.96 29.43 0.09

REACH1 2223.44 10-Year 7.26 236.30 238.62 238.62 0.000124 0.40 30.11 44.21 0.10

REACH1 2223.44 25-Year 8.94 236.30 238.66 238.66 0.000170 0.48 31.88 50.26 0.12

REACH1 2223.44 50-Year 10.27 236.30 238.69 238.69 0.000206 0.53 33.43 53.40 0.13

REACH1 2223.44 100-Year 11.79 236.30 238.72 238.73 0.000249 0.59 35.12 57.50 0.14

REACH1 2223.44 Regional 13.84 236.30 238.76 238.77 0.000305 0.67 37.43 65.44 0.16

REACH1 2223.43  C1              2-Year 4.24 236.13 236.89 236.95 0.006458 1.07 3.96 12.18 0.60

REACH1 2223.43  C1              5-Year 6.03 236.13 237.03 237.09 0.004205 1.04 5.80 13.86 0.51

REACH1 2223.43  C1              10-Year 7.26 236.13 237.12 237.17 0.003393 1.04 7.01 14.57 0.47

REACH1 2223.43  C1              25-Year 8.94 236.13 237.22 237.28 0.002781 1.06 8.59 15.46 0.44

REACH1 2223.43  C1              50-Year 10.27 236.13 237.30 237.36 0.002461 1.08 9.80 16.14 0.42

REACH1 2223.43  C1              100-Year 11.79 236.13 237.38 237.44 0.002183 1.10 11.19 16.90 0.40

REACH1 2223.43  C1              Regional 13.84 236.13 237.47 237.54 0.002052 1.15 12.74 17.72 0.40

REACH1 2223.42 2-Year 4.24 236.07 236.91 236.91 0.000314 0.37 12.20 22.18 0.15

REACH1 2223.42 5-Year 6.03 236.07 237.05 237.05 0.000318 0.42 15.36 23.12 0.15

REACH1 2223.42 10-Year 7.26 236.07 237.13 237.14 0.000321 0.45 17.35 23.71 0.16

REACH1 2223.42 25-Year 8.94 236.07 237.24 237.25 0.000324 0.49 19.90 24.45 0.16

REACH1 2223.42 50-Year 10.27 236.07 237.31 237.33 0.000327 0.52 21.80 25.01 0.17

REACH1 2223.42 100-Year 11.79 236.07 237.40 237.41 0.000329 0.55 23.93 25.62 0.17

REACH1 2223.42 Regional 13.84 236.07 237.49 237.51 0.000346 0.60 26.30 26.52 0.17

REACH1 2223.41 2-Year 4.24 236.00 236.90 236.16 236.91 0.000071 0.22 19.79 24.36 0.07

REACH1 2223.41 5-Year 6.03 236.00 237.04 236.21 237.05 0.000087 0.26 23.31 26.35 0.08

REACH1 2223.41 10-Year 7.26 236.00 237.13 236.23 237.13 0.000096 0.29 25.61 28.06 0.09

REACH1 2223.41 25-Year 8.94 236.00 237.23 236.27 237.24 0.000106 0.33 28.71 30.25 0.10

REACH1 2223.41 50-Year 10.27 236.00 237.31 236.30 237.32 0.000112 0.35 31.10 31.83 0.10

REACH1 2223.41 100-Year 11.79 236.00 237.40 236.32 237.40 0.000118 0.38 33.86 33.55 0.10

REACH1 2223.41 Regional 13.84 236.00 237.49 236.36 237.50 0.000130 0.41 37.01 35.39 0.11

REACH1 2223.40 2-Year 4.24 236.00 236.71 236.71 236.88 0.017490 1.84 2.30 6.73 1.00

REACH1 2223.40 5-Year 6.03 236.00 236.80 236.80 237.02 0.016208 2.04 3.00 7.82 0.99

REACH1 2223.40 10-Year 7.26 236.00 236.87 236.87 237.10 0.014959 2.15 3.50 8.53 0.97

REACH1 2223.40 25-Year 8.94 236.00 236.94 236.94 237.20 0.014097 2.29 4.16 9.38 0.97

REACH1 2223.40 50-Year 10.27 236.00 237.00 237.00 237.28 0.013286 2.37 4.73 10.05 0.96

REACH1 2223.40 100-Year 11.79 236.00 237.06 237.06 237.36 0.012469 2.45 5.49 13.73 0.94

REACH1 2223.40 Regional 13.84 236.00 237.19 237.19 237.46 0.009353 2.37 7.83 25.56 0.84

REACH1 2223.39 2-Year 4.24 234.75 235.76 235.83 0.003169 1.20 3.54 4.86 0.45

REACH1 2223.39 5-Year 6.03 234.75 235.97 236.06 0.003074 1.30 4.63 5.42 0.45

REACH1 2223.39 10-Year 7.26 234.75 236.06 236.16 0.003385 1.42 5.13 5.67 0.48

REACH1 2223.39 25-Year 8.94 234.75 236.12 236.25 0.004364 1.64 5.45 5.84 0.54

REACH1 2223.39 50-Year 10.27 234.75 236.17 236.33 0.004988 1.78 5.76 6.01 0.58

REACH1 2223.39 100-Year 11.79 234.75 236.22 236.41 0.005768 1.93 6.11 6.32 0.63

REACH1 2223.39 Regional 13.84 234.75 236.28 236.51 0.006995 2.13 6.49 6.70 0.69

REACH1 2223.38 2-Year 4.24 234.50 235.67 235.71 0.001364 0.98 6.20 15.42 0.32

REACH1 2223.38 5-Year 6.03 234.50 235.91 235.95 0.001029 1.00 11.23 26.14 0.29

REACH1 2223.38 10-Year 7.26 234.50 236.01 236.05 0.001030 1.05 13.93 30.28 0.30

REACH1 2223.38 25-Year 8.94 234.50 236.05 236.11 0.001311 1.21 15.36 31.94 0.34

REACH1 2223.38 50-Year 10.27 234.50 236.11 236.17 0.001419 1.29 17.10 33.74 0.35

REACH1 2223.38 100-Year 11.79 234.50 236.15 236.23 0.001641 1.42 18.76 39.50 0.38

REACH1 2223.38 Regional 13.84 234.50 236.20 236.29 0.001931 1.58 20.88 45.35 0.41

REACH1 2223.37 2-Year 4.59 233.51 235.59 234.48 235.65 0.003161 1.17 4.98 16.45 0.45

REACH1 2223.37 5-Year 6.53 233.51 235.87 234.72 235.92 0.001509 1.02 10.17 19.57 0.33

REACH1 2223.37 10-Year 7.85 233.51 235.97 234.88 236.02 0.001478 1.07 12.08 20.72 0.33

REACH1 2223.37 25-Year 9.68 233.51 236.00 235.07 236.06 0.002022 1.27 12.66 21.14 0.39

REACH1 2223.37 50-Year 11.11 233.51 236.02 235.22 236.11 0.002640 1.47 13.22 27.45 0.44

REACH1 2223.37 100-Year 12.75 233.51 236.05 235.75 236.16 0.003111 1.63 14.08 29.45 0.48

REACH1 2223.37 Regional 14.97 233.51 236.05 235.82 236.20 0.004299 1.91 14.06 29.41 0.57

REACH1 2223.365 C2              Culvert

REACH1 2223.36 2-Year 4.59 233.69 234.71 234.71 235.19 0.012764 3.09 1.49 7.84 1.01

REACH1 2223.36 5-Year 6.53 233.69 234.96 234.96 235.58 0.011777 3.47 1.88 9.07 1.01

REACH1 2223.36 10-Year 7.85 233.69 235.12 235.12 235.82 0.011296 3.69 2.13 11.86 1.01

REACH1 2223.36 25-Year 9.68 233.69 235.57 235.57 235.71 0.012163 1.79 6.27 27.22 0.85

REACH1 2223.36 50-Year 11.11 233.69 235.61 235.61 235.74 0.010738 1.78 7.37 30.97 0.81
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REACH1 2223.36 100-Year 12.75 233.69 235.65 235.65 235.77 0.008827 1.71 8.95 37.85 0.75

REACH1 2223.36 Regional 14.97 233.69 235.68 235.68 235.81 0.009478 1.83 9.94 41.35 0.78

REACH1 2223.35 2-Year 4.59 233.50 234.13 234.13 234.34 0.015947 2.06 2.27 5.86 0.99

REACH1 2223.35 5-Year 6.53 233.50 234.25 234.25 234.51 0.014396 2.30 3.02 6.67 0.98

REACH1 2223.35 10-Year 7.85 233.50 234.32 234.32 234.61 0.013613 2.42 3.53 7.17 0.97

REACH1 2223.35 25-Year 9.68 233.50 234.41 234.41 234.74 0.012799 2.58 4.23 7.80 0.96

REACH1 2223.35 50-Year 11.11 233.50 234.49 234.49 234.84 0.012186 2.67 4.80 8.28 0.95

REACH1 2223.35 100-Year 12.75 233.50 234.56 234.56 234.94 0.011801 2.79 5.41 8.73 0.95

REACH1 2223.35 Regional 14.97 233.50 234.65 234.65 235.06 0.011140 2.91 6.29 9.35 0.94

REACH1 2223.34 2-Year 4.59 233.00 233.62 233.52 233.71 0.006564 1.42 4.77 20.02 0.65

REACH1 2223.34 5-Year 6.53 233.00 233.63 233.63 233.80 0.012144 1.97 5.00 20.84 0.89

REACH1 2223.34 10-Year 7.85 233.00 233.69 233.69 233.87 0.011008 2.02 6.39 25.13 0.86

REACH1 2223.34 25-Year 9.68 233.00 233.76 233.76 233.94 0.010424 2.12 8.18 29.61 0.85

REACH1 2223.34 50-Year 11.11 233.00 233.80 233.80 233.99 0.010091 2.18 9.59 32.71 0.85

REACH1 2223.34 100-Year 12.75 233.00 233.85 233.85 234.04 0.010003 2.26 11.09 35.70 0.85

REACH1 2223.34 Regional 14.97 233.00 233.94 233.90 234.11 0.008001 2.19 14.56 41.93 0.78

REACH1 2223.33 2-Year 4.59 232.50 233.10 233.15 0.004926 1.04 4.78 17.22 0.54

REACH1 2223.33 5-Year 6.53 232.50 233.42 233.44 0.001093 0.74 11.55 25.06 0.28

REACH1 2223.33 10-Year 7.85 232.50 233.51 233.53 0.001004 0.77 13.91 27.04 0.28

REACH1 2223.33 25-Year 9.68 232.50 233.60 233.63 0.000998 0.82 16.52 29.26 0.28

REACH1 2223.33 50-Year 11.11 232.50 233.67 233.71 0.000963 0.85 18.74 31.03 0.28

REACH1 2223.33 100-Year 12.75 232.50 233.72 233.76 0.001041 0.92 20.32 32.22 0.29

REACH1 2223.33 Regional 14.97 232.50 233.80 233.84 0.001065 0.98 22.97 34.05 0.30

REACH1 2223.326 2-Year 4.59 232.03 233.00 233.00 0.000528 0.55 21.96 45.92 0.19

REACH1 2223.326 5-Year 6.53 232.03 233.39 233.39 0.000184 0.42 45.76 73.35 0.12

REACH1 2223.326 10-Year 7.85 232.03 233.49 233.49 0.000174 0.43 52.68 74.12 0.12

REACH1 2223.326 25-Year 9.68 232.03 233.58 233.58 0.000181 0.46 59.67 74.83 0.12

REACH1 2223.326 50-Year 11.11 232.03 233.65 233.66 0.000181 0.47 65.33 75.41 0.12

REACH1 2223.326 100-Year 12.75 232.03 233.70 233.71 0.000201 0.51 69.01 75.78 0.13

REACH1 2223.326 Regional 14.97 232.03 233.78 233.79 0.000217 0.55 75.10 77.45 0.14

REACH1 2223.325 2-Year 4.59 232.00 233.00 232.52 233.00 0.000238 0.36 24.32 39.85 0.13

REACH1 2223.325 5-Year 6.53 232.00 233.39 232.57 233.39 0.000095 0.30 48.18 62.20 0.09

REACH1 2223.325 10-Year 7.85 232.00 233.48 232.59 233.49 0.000098 0.32 54.02 62.61 0.09

REACH1 2223.325 25-Year 9.68 232.00 233.58 232.63 233.58 0.000109 0.36 59.89 63.02 0.10

REACH1 2223.325 50-Year 11.11 232.00 233.65 232.65 233.66 0.000115 0.38 64.68 64.59 0.10

REACH1 2223.325 100-Year 12.75 232.00 233.70 232.67 233.71 0.000132 0.42 67.83 65.76 0.11

REACH1 2223.325 Regional 14.97 232.00 233.78 232.71 233.79 0.000147 0.46 73.13 67.69 0.12

REACH1 2223.324 2-Year 4.59 231.99 232.99 232.52 233.00 0.000336 0.47 24.83 41.10 0.16

REACH1 2223.324 5-Year 6.53 231.99 233.39 232.57 233.39 0.000162 0.42 44.63 59.68 0.12

REACH1 2223.324 10-Year 7.85 231.99 233.48 232.59 233.49 0.000162 0.44 50.23 60.14 0.12

REACH1 2223.324 25-Year 9.68 231.99 233.58 232.63 233.58 0.000180 0.48 55.90 61.23 0.13

REACH1 2223.324 50-Year 11.11 231.99 233.65 232.65 233.65 0.000187 0.51 60.53 62.19 0.13

REACH1 2223.324 100-Year 12.75 231.99 233.70 232.68 233.70 0.000215 0.56 63.55 63.32 0.14

REACH1 2223.324 Regional 14.97 231.99 233.78 232.71 233.78 0.000238 0.60 68.64 65.19 0.15

REACH1 2223.323 2-Year 4.59 231.98 232.99 232.99 0.000292 0.45 21.86 38.50 0.15

REACH1 2223.323 5-Year 6.53 231.98 233.39 233.39 0.000127 0.38 38.90 47.78 0.11

REACH1 2223.323 10-Year 7.85 231.98 233.48 233.48 0.000137 0.42 43.60 53.17 0.11

REACH1 2223.323 25-Year 9.68 231.98 233.57 233.58 0.000160 0.47 48.80 59.25 0.12

REACH1 2223.323 50-Year 11.11 231.98 233.65 233.65 0.000187 0.52 53.29 61.65 0.13

REACH1 2223.323 100-Year 12.75 231.98 233.69 233.70 0.000213 0.57 56.23 62.20 0.14

REACH1 2223.323 Regional 14.97 231.98 233.77 233.78 0.000233 0.61 61.15 63.11 0.15

REACH1 2223.32 2-Year 4.59 231.67 232.98 232.98 0.000191 0.37 22.40 34.97 0.12

REACH1 2223.32 5-Year 6.53 231.67 233.38 233.39 0.000095 0.33 37.78 41.34 0.09

REACH1 2223.32 10-Year 7.85 231.67 233.48 233.48 0.000106 0.37 41.68 42.77 0.10

REACH1 2223.32 25-Year 9.68 231.67 233.57 233.57 0.000127 0.42 45.68 44.61 0.11

REACH1 2223.32 50-Year 11.11 231.67 233.64 233.65 0.000140 0.45 49.02 46.28 0.11

REACH1 2223.32 100-Year 12.75 231.67 233.69 233.69 0.000165 0.50 51.18 47.31 0.13

REACH1 2223.32 Regional 14.97 231.67 233.76 233.77 0.000192 0.56 54.91 49.95 0.14

REACH1 2223.31 2-Year 4.59 231.51 232.98 232.98 0.000021 0.15 39.39 39.96 0.04

REACH1 2223.31 5-Year 6.53 231.51 233.38 233.38 0.000016 0.16 57.46 57.25 0.04

REACH1 2223.31 10-Year 7.85 231.51 233.47 233.48 0.000018 0.18 62.88 59.79 0.04

REACH1 2223.31 25-Year 9.68 231.51 233.57 233.57 0.000023 0.20 68.48 62.72 0.05

REACH1 2223.31 50-Year 11.11 231.51 233.64 233.64 0.000025 0.22 73.18 65.01 0.05

REACH1 2223.31 100-Year 12.75 231.51 233.69 233.69 0.000030 0.24 76.23 66.33 0.06

REACH1 2223.31 Regional 14.97 231.51 233.76 233.77 0.000035 0.27 81.42 68.36 0.06

REACH1 2223.30 2-Year 4.59 231.50 232.98 232.98 0.000064 0.29 40.49 58.08 0.08

REACH1 2223.30 5-Year 6.53 231.50 233.38 233.38 0.000029 0.23 65.78 67.18 0.05

REACH1 2223.30 10-Year 7.85 231.50 233.47 233.48 0.000032 0.25 72.10 69.31 0.06

REACH1 2223.30 25-Year 9.68 231.50 233.57 233.57 0.000037 0.28 78.57 72.16 0.06
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Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

REACH1 2223.30 50-Year 11.11 231.50 233.64 233.64 0.000040 0.30 83.97 74.68 0.07

REACH1 2223.30 100-Year 12.75 231.50 233.69 233.69 0.000047 0.32 87.47 76.27 0.07

REACH1 2223.30 Regional 14.97 231.50 233.76 233.77 0.000053 0.35 93.46 78.91 0.08

REACH1 2223.29 2-Year 4.59 231.50 232.89 232.16 232.96 0.001186 1.15 3.99 21.48 0.32

REACH1 2223.29 5-Year 6.53 231.50 233.27 232.33 233.36 0.001038 1.27 5.13 33.79 0.31

REACH1 2223.29 10-Year 7.85 231.50 233.33 232.43 233.44 0.001354 1.48 5.29 34.52 0.35

REACH1 2223.29 25-Year 9.68 231.50 233.35 232.57 233.52 0.001982 1.81 5.35 34.80 0.43

REACH1 2223.29 50-Year 11.11 231.50 233.41 232.67 233.59 0.002919 1.90 7.48 35.63 0.50

REACH1 2223.29 100-Year 12.75 231.50 233.55 232.78 233.65 0.001844 1.60 12.65 38.47 0.40

REACH1 2223.29 Regional 14.97 231.50 233.67 232.92 233.74 0.001370 1.45 17.35 42.18 0.35

REACH1 2223.285 C3              Culvert

REACH1 2223.28 2-Year 4.59 231.50 232.17 232.17 232.50 0.014783 2.52 1.82 29.05 1.01

REACH1 2223.28 5-Year 6.53 231.50 232.39 232.34 232.75 0.011226 2.67 2.44 31.85 0.92

REACH1 2223.28 10-Year 7.85 231.50 232.67 232.97 0.006261 2.42 3.25 33.12 0.72

REACH1 2223.28 25-Year 9.68 231.50 232.74 232.58 233.14 0.007959 2.82 3.43 33.42 0.82

REACH1 2223.28 50-Year 11.11 231.50 232.74 232.69 233.27 0.010380 3.23 3.44 33.44 0.94

REACH1 2223.28 100-Year 12.75 231.50 232.80 232.80 233.44 0.011764 3.54 3.60 33.70 1.01

REACH1 2223.28 Regional 14.97 231.50 232.94 232.94 233.65 0.011247 3.73 4.02 34.39 1.00

REACH1 2223.27 2-Year 4.59 231.10 232.02 231.75 232.03 0.000483 0.50 10.90 40.41 0.19

REACH1 2223.27 5-Year 6.53 231.10 232.57 231.80 232.57 0.000061 0.26 25.86 51.67 0.07

REACH1 2223.27 10-Year 7.85 231.10 232.82 231.84 232.82 0.000041 0.24 32.95 56.30 0.06

REACH1 2223.27 25-Year 9.68 231.10 232.94 231.87 232.94 0.000046 0.27 36.30 58.50 0.07

REACH1 2223.27 50-Year 11.11 231.10 233.00 231.89 233.01 0.000052 0.29 38.22 60.01 0.07

REACH1 2223.27 100-Year 12.75 231.10 233.06 231.91 233.07 0.000059 0.31 42.04 61.92 0.07

REACH1 2223.27 Regional 14.97 231.10 233.12 231.94 233.13 0.000069 0.35 45.75 63.70 0.08

REACH1 2223.26 2-Year 4.59 230.74 232.01 231.37 232.02 0.000151 0.34 16.98 44.21 0.11

REACH1 2223.26 5-Year 6.53 230.74 232.57 231.50 232.57 0.000030 0.20 35.85 57.36 0.05

REACH1 2223.26 10-Year 7.85 230.74 232.82 231.67 232.82 0.000022 0.19 44.75 62.28 0.05

REACH1 2223.26 25-Year 9.68 230.74 232.94 231.74 232.94 0.000025 0.21 48.97 64.26 0.05

REACH1 2223.26 50-Year 11.11 230.74 233.00 231.76 233.00 0.000028 0.23 51.40 65.26 0.05

REACH1 2223.26 100-Year 12.75 230.74 233.06 231.79 233.07 0.000032 0.25 55.50 66.59 0.06

REACH1 2223.26 Regional 14.97 230.74 233.12 231.82 233.13 0.000039 0.28 59.44 67.28 0.06

REACH1 2223.25 2-Year 4.59 230.50 231.87 231.25 231.98 0.001814 1.49 3.08 11.31 0.41

REACH1 2223.25 5-Year 6.53 230.50 232.42 231.45 232.53 0.001184 1.51 4.32 23.94 0.35

REACH1 2223.25 10-Year 7.85 230.50 232.75 231.57 232.80 0.001845 1.11 10.14 28.90 0.37

REACH1 2223.25 25-Year 9.68 230.50 232.89 231.73 232.93 0.001328 1.03 14.03 29.22 0.32

REACH1 2223.25 50-Year 11.11 230.50 232.95 231.85 232.99 0.001255 1.04 15.98 29.38 0.31

REACH1 2223.25 100-Year 12.75 230.50 233.01 231.98 233.05 0.001254 1.08 17.76 29.65 0.31

REACH1 2223.25 Regional 14.97 230.50 233.06 232.76 233.11 0.001406 1.17 19.28 30.29 0.34

REACH1 2223.245 C4              Culvert

REACH1 2223.24 2-Year 4.59 230.20 231.47 230.96 231.60 0.002375 1.61 2.85 9.06 0.46

REACH1 2223.24 5-Year 6.53 230.20 231.75 231.16 231.93 0.002459 1.87 3.49 11.78 0.48

REACH1 2223.24 10-Year 7.85 230.20 232.00 231.28 232.19 0.002166 1.94 4.05 14.11 0.46

REACH1 2223.24 25-Year 9.68 230.20 232.17 231.44 232.41 0.002425 2.18 4.44 18.32 0.50

REACH1 2223.24 50-Year 11.11 230.20 232.25 231.56 232.55 0.002788 2.40 4.62 21.04 0.54

REACH1 2223.24 100-Year 12.75 230.20 232.24 231.69 232.63 0.003774 2.78 4.59 20.14 0.62

REACH1 2223.24 Regional 14.97 230.20 232.19 231.86 232.76 0.005631 3.34 4.48 18.66 0.76

REACH1 2223.23 2-Year 4.59 230.20 231.45 231.00 231.53 0.003472 1.23 3.72 4.91 0.45

REACH1 2223.23 5-Year 6.53 230.20 231.77 231.19 231.84 0.002170 1.21 5.68 7.80 0.38

REACH1 2223.23 10-Year 7.85 230.20 232.04 231.29 232.10 0.001332 1.11 8.19 13.11 0.31

REACH1 2223.23 25-Year 9.68 230.20 232.26 231.42 232.29 0.000732 0.91 16.14 41.34 0.23

REACH1 2223.23 50-Year 11.11 230.20 232.37 231.51 232.40 0.000528 0.81 21.13 45.42 0.20

REACH1 2223.23 100-Year 12.75 230.20 232.40 231.60 232.43 0.000603 0.88 22.46 49.86 0.22

REACH1 2223.23 Regional 14.97 230.20 232.44 231.71 232.47 0.000704 0.96 24.20 53.40 0.23

REACH1 2223.22 2-Year 4.59 230.20 231.01 231.01 231.42 0.006693 2.81 1.63 4.08 1.00

REACH1 2223.22 5-Year 6.53 230.20 231.22 231.22 231.74 0.006231 3.17 2.06 5.10 1.00

REACH1 2223.22 10-Year 7.85 230.20 231.68 231.35 232.04 0.002624 2.63 2.98 7.87 0.69

REACH1 2223.22 25-Year 9.68 230.20 231.54 231.53 232.20 0.005662 3.61 2.68 6.58 1.00

REACH1 2223.22 50-Year 11.11 230.20 232.27 232.27 232.37 0.001991 1.72 13.62 61.84 0.52

REACH1 2223.22 100-Year 12.75 230.20 232.29 232.29 232.40 0.002122 1.80 15.21 62.62 0.54

REACH1 2223.22 Regional 14.97 230.20 232.32 232.32 232.44 0.002258 1.89 17.25 63.62 0.56

REACH1 2223.215 C5              Culvert

REACH1 2223.21 2-Year 4.59 230.00 230.79 230.79 231.20 0.006827 2.83 1.62 7.04 1.02

REACH1 2223.21 5-Year 6.53 230.00 231.02 231.02 231.52 0.006049 3.15 2.08 8.46 1.00

REACH1 2223.21 10-Year 7.85 230.00 231.15 231.15 231.72 0.005818 3.35 2.34 9.42 1.00

REACH1 2223.21 25-Year 9.68 230.00 231.81 231.81 231.91 0.002107 1.64 10.08 69.17 0.56

REACH1 2223.21 50-Year 11.11 230.00 231.83 231.83 231.94 0.002215 1.71 11.54 69.95 0.57
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Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

REACH1 2223.21 100-Year 12.75 230.00 231.86 231.86 231.97 0.002285 1.77 13.16 70.82 0.59

REACH1 2223.21 Regional 14.97 230.00 231.89 231.89 232.01 0.002449 1.88 14.91 71.74 0.61

REACH1 2223.20 2-Year 5.24 229.70 230.79 230.55 230.87 0.003665 1.27 4.38 8.84 0.50

REACH1 2223.20 5-Year 7.45 229.70 231.11 230.67 231.17 0.001771 1.15 7.89 14.25 0.37

REACH1 2223.20 10-Year 8.96 229.70 231.36 230.74 231.40 0.001032 1.02 12.22 21.00 0.30

REACH1 2223.20 25-Year 11.04 229.70 231.59 230.84 231.63 0.000687 0.94 18.60 35.01 0.25

REACH1 2223.20 50-Year 12.68 229.70 231.61 230.91 231.65 0.000848 1.05 19.23 36.49 0.28

REACH1 2223.20 100-Year 14.55 229.70 231.64 230.99 231.69 0.000988 1.15 20.44 39.52 0.30

REACH1 2223.20 Regional 17.09 229.70 231.68 231.05 231.74 0.001187 1.28 21.90 42.88 0.33

REACH1 2223.19 2-Year 5.24 229.45 230.31 230.31 230.73 0.024454 2.88 1.82 2.19 1.00

REACH1 2223.19 5-Year 7.45 229.45 230.64 230.54 231.08 0.017305 2.92 2.56 6.48 0.86

REACH1 2223.19 10-Year 8.96 229.45 230.94 230.68 231.34 0.011800 2.80 3.23 11.93 0.74

REACH1 2223.19 25-Year 11.04 229.45 230.86 230.86 231.54 0.021275 3.64 3.06 9.33 0.98

REACH1 2223.19 50-Year 12.68 229.45 231.48 231.48 231.62 0.004250 1.94 10.17 35.10 0.44

REACH1 2223.19 100-Year 14.55 229.45 231.52 231.52 231.66 0.004436 2.01 11.48 37.84 0.45

REACH1 2223.19 Regional 17.09 229.45 231.57 231.57 231.70 0.004472 2.05 13.40 41.85 0.46

REACH1 2223.185 C6              Culvert

REACH1 2223.18 2-Year 5.24 229.37 230.19 230.17 230.58 0.012490 2.77 1.89 5.04 0.98

REACH1 2223.18 5-Year 7.45 229.37 230.38 230.38 230.90 0.012178 3.17 2.35 5.92 1.01

REACH1 2223.18 10-Year 8.96 229.37 230.52 230.52 231.10 0.011672 3.37 2.66 6.89 1.00

REACH1 2223.18 25-Year 11.04 229.37 230.69 230.69 231.35 0.011143 3.61 3.06 11.57 1.01

REACH1 2223.18 50-Year 12.68 229.37 230.82 230.82 231.55 0.010690 3.77 3.36 15.19 1.00

REACH1 2223.18 100-Year 14.55 229.37 231.26 231.26 231.43 0.004708 2.12 10.14 29.93 0.61

REACH1 2223.18 Regional 17.09 229.37 231.31 231.31 231.48 0.004560 2.15 11.97 34.21 0.60

REACH1 2223.17 2-Year 5.24 228.87 229.99 229.99 230.29 0.011640 2.52 2.84 6.86 0.86

REACH1 2223.17 5-Year 7.45 228.87 230.18 230.18 230.50 0.010121 2.69 4.40 8.95 0.83

REACH1 2223.17 10-Year 8.96 228.87 230.28 230.28 230.61 0.009836 2.82 5.36 9.89 0.83

REACH1 2223.17 25-Year 11.04 228.87 230.40 230.40 230.76 0.009663 2.98 6.62 11.00 0.84

REACH1 2223.17 50-Year 12.68 228.87 230.48 230.48 230.86 0.009741 3.11 7.53 11.74 0.85

REACH1 2223.17 100-Year 14.55 228.87 230.57 230.57 230.97 0.009842 3.26 8.59 13.32 0.86

REACH1 2223.17 Regional 17.09 228.87 230.68 230.68 231.10 0.009699 3.40 10.28 16.18 0.87

REACH1 2223.16 2-Year 5.24 228.57 229.61 229.61 229.84 0.016244 2.14 2.53 6.67 0.97

REACH1 2223.16 5-Year 7.45 228.57 229.75 229.75 230.01 0.013547 2.31 3.65 9.01 0.93

REACH1 2223.16 10-Year 8.96 228.57 229.83 229.83 230.12 0.012519 2.42 4.46 10.37 0.91

REACH1 2223.16 25-Year 11.04 228.57 229.93 229.93 230.24 0.011675 2.54 5.59 12.03 0.90

REACH1 2223.16 50-Year 12.68 228.57 230.00 230.00 230.33 0.011411 2.65 6.43 13.13 0.90

REACH1 2223.16 100-Year 14.55 228.57 230.08 230.08 230.42 0.010754 2.73 7.55 14.71 0.88

REACH1 2223.16 Regional 17.09 228.57 230.18 230.18 230.53 0.010157 2.82 9.07 16.61 0.87

REACH1 2223.15 2-Year 5.24 228.50 229.28 228.95 229.31 0.003035 0.67 8.91 23.99 0.28

REACH1 2223.15 5-Year 7.45 228.50 229.39 229.03 229.41 0.003444 0.78 11.61 29.31 0.30

REACH1 2223.15 10-Year 8.96 228.50 229.45 229.08 229.48 0.003578 0.84 13.57 33.52 0.31

REACH1 2223.15 25-Year 11.04 228.50 229.51 229.14 229.55 0.003888 0.92 15.94 38.16 0.32

REACH1 2223.15 50-Year 12.68 228.50 229.56 229.18 229.60 0.004076 0.97 17.75 40.69 0.33

REACH1 2223.15 100-Year 14.55 228.50 229.61 229.23 229.65 0.004212 1.01 19.78 43.15 0.34

REACH1 2223.15 Regional 17.09 228.50 229.66 229.29 229.71 0.004442 1.08 22.23 45.92 0.35

REACH1 2223.14 2-Year 5.24 227.98 228.86 228.91 0.002997 1.15 8.82 36.03 0.45

REACH1 2223.14 5-Year 7.45 227.98 228.95 228.99 0.003002 1.25 12.15 41.52 0.46

REACH1 2223.14 10-Year 8.96 227.98 228.98 229.04 0.003197 1.34 13.79 42.91 0.48

REACH1 2223.14 25-Year 11.04 227.98 229.04 229.09 0.003141 1.39 16.36 44.35 0.48

REACH1 2223.14 50-Year 12.68 227.98 229.10 229.15 0.003004 1.42 18.70 46.95 0.48

REACH1 2223.14 100-Year 14.55 227.98 229.16 229.21 0.002771 1.43 22.04 53.01 0.47

REACH1 2223.14 Regional 17.09 227.98 229.25 229.30 0.002402 1.41 27.18 61.53 0.44

REACH1 2223.13 2-Year 5.24 227.25 228.18 228.18 228.37 0.018126 1.92 2.73 7.23 1.00

REACH1 2223.13 5-Year 7.45 227.25 228.32 228.29 228.51 0.012971 1.93 3.99 10.27 0.88

REACH1 2223.13 10-Year 8.96 227.25 228.46 228.36 228.61 0.008154 1.76 5.52 12.48 0.72

REACH1 2223.13 25-Year 11.04 227.25 228.63 228.44 228.75 0.004878 1.61 8.16 18.21 0.58

REACH1 2223.13 50-Year 12.68 227.25 228.77 228.50 228.87 0.003343 1.48 11.02 23.48 0.50

REACH1 2223.13 100-Year 14.55 227.25 228.89 228.55 228.98 0.002563 1.41 14.20 28.20 0.44

REACH1 2223.13 Regional 17.09 227.25 229.03 228.64 229.10 0.002035 1.37 18.39 33.62 0.40

REACH1 2223.12 2-Year 5.24 227.02 228.02 227.73 228.10 0.002743 1.24 4.95 9.21 0.45

REACH1 2223.12 5-Year 7.45 227.02 228.24 227.85 228.32 0.002293 1.34 7.37 13.42 0.43

REACH1 2223.12 10-Year 8.96 227.02 228.38 227.93 228.47 0.001959 1.36 9.52 16.27 0.41

REACH1 2223.12 25-Year 11.04 227.02 228.57 228.01 228.65 0.001615 1.36 12.94 20.46 0.38

REACH1 2223.12 50-Year 12.68 227.02 228.71 228.10 228.79 0.001396 1.36 16.14 24.35 0.36

REACH1 2223.12 100-Year 14.55 227.02 228.84 228.19 228.91 0.001302 1.38 19.33 27.69 0.35

REACH1 2223.12 Regional 17.09 227.02 228.97 228.29 229.05 0.001266 1.44 23.18 31.45 0.35

REACH1 2223.11 2-Year 5.24 226.75 228.00 227.56 228.08 0.002000 1.21 4.33 7.90 0.39

REACH1 2223.11 5-Year 7.45 226.75 228.19 227.70 228.30 0.002243 1.44 5.17 9.80 0.43



HEC-RAS  Plan: Matrix - RR50 Dec08 2020   River: CEG_DESIGN   Reach: REACH1 (Continued)
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REACH1 2223.11 10-Year 8.96 226.75 228.31 227.78 228.44 0.002330 1.57 5.71 11.21 0.44

REACH1 2223.11 25-Year 11.04 226.75 228.46 227.89 228.61 0.002435 1.73 6.39 14.88 0.46

REACH1 2223.11 50-Year 12.68 226.75 228.57 227.97 228.75 0.002487 1.84 6.90 20.82 0.47

REACH1 2223.11 100-Year 14.55 226.75 228.66 228.06 228.86 0.002759 2.00 7.26 24.71 0.50

REACH1 2223.11 Regional 17.09 226.75 228.71 228.18 228.98 0.003388 2.27 7.52 27.23 0.56

REACH1 2223.105 C7              Culvert

REACH1 2223.10 2-Year 5.24 226.55 227.96 227.58 228.04 0.002868 1.33 4.00 6.42 0.44

REACH1 2223.10 5-Year 7.45 226.55 228.11 227.72 228.24 0.003451 1.61 4.69 8.28 0.50

REACH1 2223.10 10-Year 8.96 226.55 228.19 227.81 228.36 0.003887 1.80 5.06 9.63 0.54

REACH1 2223.10 25-Year 11.04 226.55 228.27 227.92 228.49 0.004667 2.07 5.44 11.01 0.60

REACH1 2223.10 50-Year 12.68 226.55 228.32 228.00 228.58 0.005459 2.29 5.64 11.78 0.65

REACH1 2223.10 100-Year 14.55 226.55 228.39 228.10 228.70 0.005977 2.49 5.96 13.00 0.68

REACH1 2223.10 Regional 17.09 226.55 228.50 228.21 228.87 0.006298 2.69 6.47 14.88 0.71

REACH1 2223.09 2-Year 5.24 226.45 227.66 227.63 227.88 0.015756 2.07 2.53 4.97 0.93

REACH1 2223.09 5-Year 7.45 226.45 227.82 227.77 228.07 0.013360 2.19 3.42 6.05 0.88

REACH1 2223.09 10-Year 8.96 226.45 227.91 227.87 228.18 0.012649 2.29 3.98 6.40 0.88

REACH1 2223.09 25-Year 11.04 226.45 228.04 227.97 228.32 0.010980 2.35 4.83 7.27 0.84

REACH1 2223.09 50-Year 12.68 226.45 228.14 228.05 228.42 0.009737 2.38 5.58 8.48 0.80

REACH1 2223.09 100-Year 14.55 226.45 228.25 228.13 228.53 0.008300 2.38 6.63 9.94 0.76

REACH1 2223.09 Regional 17.09 226.45 228.41 228.23 228.67 0.006664 2.35 8.37 11.95 0.69

REACH1 2223.08 2-Year 5.24 226.30 227.13 227.13 227.45 0.019438 2.49 2.10 3.33 1.00

REACH1 2223.08 5-Year 7.45 226.30 227.33 227.33 227.68 0.018602 2.63 2.83 4.20 1.01

REACH1 2223.08 10-Year 8.96 226.30 227.44 227.44 227.81 0.017309 2.70 3.32 4.76 1.00

REACH1 2223.08 25-Year 11.04 226.30 227.55 227.55 227.98 0.016701 2.89 3.82 5.21 1.00

REACH1 2223.08 50-Year 12.68 226.30 227.64 227.64 228.10 0.016075 3.02 4.20 5.46 1.00

REACH1 2223.08 100-Year 14.55 226.30 227.73 227.73 228.24 0.015585 3.16 4.60 5.67 1.00

REACH1 2223.08 Regional 17.09 226.30 227.84 227.84 228.41 0.014983 3.33 5.13 5.92 1.00

REACH1 2223.075 C8              Culvert

REACH1 2223.07 2-Year 5.24 226.13 227.20 226.67 227.26 0.001650 1.11 4.71 6.23 0.35

REACH1 2223.07 5-Year 7.45 226.13 227.33 226.81 227.43 0.002230 1.40 5.31 6.86 0.41

REACH1 2223.07 10-Year 8.96 226.13 227.41 226.89 227.54 0.002631 1.59 5.65 7.21 0.45

REACH1 2223.07 25-Year 11.04 226.13 227.49 227.01 227.66 0.003235 1.84 6.01 7.60 0.51

REACH1 2223.07 50-Year 12.68 226.13 227.55 227.09 227.75 0.003735 2.03 6.26 7.85 0.55

REACH1 2223.07 100-Year 14.55 226.13 227.61 227.17 227.86 0.004221 2.22 6.55 8.15 0.59

REACH1 2223.07 Regional 17.09 226.13 227.69 227.29 228.00 0.004900 2.48 6.90 8.50 0.64

REACH1 2223.06 2-Year 5.24 226.10 227.02 226.95 227.15 0.009937 1.60 3.28 7.54 0.78

REACH1 2223.06 5-Year 7.45 226.10 227.16 227.06 227.31 0.009098 1.73 4.31 8.26 0.76

REACH1 2223.06 10-Year 8.96 226.10 227.24 227.12 227.40 0.008677 1.79 4.99 8.70 0.76

REACH1 2223.06 25-Year 11.04 226.10 227.30 227.21 227.50 0.009519 1.97 5.60 9.07 0.80

REACH1 2223.06 50-Year 12.68 226.10 227.37 227.27 227.58 0.009453 2.05 6.19 9.43 0.81

REACH1 2223.06 100-Year 14.55 226.10 227.45 227.33 227.67 0.008796 2.08 7.01 9.89 0.79

REACH1 2223.06 Regional 17.09 226.10 227.57 227.41 227.79 0.007580 2.09 8.33 13.59 0.75

REACH1 2223.05 2-Year 5.24 225.27 226.21 226.04 226.32 0.006546 1.47 3.57 6.76 0.65

REACH1 2223.05 5-Year 7.45 225.27 226.35 226.17 226.48 0.006922 1.62 4.59 7.81 0.68

REACH1 2223.05 10-Year 8.96 225.27 226.43 226.25 226.58 0.007166 1.71 5.24 8.46 0.69

REACH1 2223.05 25-Year 11.04 225.27 226.59 226.35 226.73 0.005743 1.65 6.70 9.98 0.63

REACH1 2223.05 50-Year 12.68 225.27 226.65 226.42 226.80 0.005825 1.74 7.34 11.18 0.64

REACH1 2223.05 100-Year 14.55 225.27 226.68 226.49 226.87 0.006695 1.91 7.72 11.82 0.69

REACH1 2223.05 Regional 17.09 225.27 226.70 226.58 226.94 0.008707 2.20 7.89 12.04 0.79

REACH1 2223.04 2-Year 5.69 224.70 225.48 225.43 225.66 0.012270 1.90 3.00 6.22 0.87

REACH1 2223.04 5-Year 8.09 224.70 225.64 225.57 225.84 0.011000 2.01 4.02 7.01 0.85

REACH1 2223.04 10-Year 9.73 224.70 225.73 225.64 225.95 0.010141 2.05 4.74 7.52 0.83

REACH1 2223.04 25-Year 11.99 224.70 225.74 225.74 226.06 0.014802 2.50 4.80 7.56 1.00

REACH1 2223.04 50-Year 13.77 224.70 225.83 225.81 226.15 0.013679 2.52 5.47 8.00 0.97

REACH1 2223.04 100-Year 15.81 224.70 225.99 225.89 226.26 0.009993 2.31 6.83 8.94 0.85

REACH1 2223.04 Regional 18.56 224.70 226.27 225.99 226.47 0.004932 1.98 9.61 11.25 0.62

REACH1 2223.03 2-Year 5.69 224.20 224.76 224.76 225.04 0.015483 2.31 2.46 5.23 1.00

REACH1 2223.03 5-Year 8.09 224.20 224.91 224.91 225.25 0.014345 2.60 3.11 5.55 1.00

REACH1 2223.03 10-Year 9.73 224.20 225.00 225.00 225.39 0.013489 2.75 3.54 5.91 0.99

REACH1 2223.03 25-Year 11.99 224.20 225.28 225.12 225.60 0.007656 2.52 4.76 7.29 0.78

REACH1 2223.03 50-Year 13.77 224.20 225.43 225.20 225.75 0.006435 2.53 5.45 8.08 0.73

REACH1 2223.03 100-Year 15.81 224.20 225.59 225.30 225.92 0.005601 2.56 6.17 8.97 0.70

REACH1 2223.03 Regional 18.56 224.20 226.00 225.42 226.27 0.003245 2.32 8.01 17.89 0.56

REACH1 2223.025 Culvert

REACH1 2223.02 2-Year 5.69 223.68 224.78 224.24 224.85 0.001517 1.16 4.89 7.93 0.36

REACH1 2223.02 5-Year 8.09 223.68 224.95 224.38 225.06 0.001874 1.43 5.66 8.91 0.41

REACH1 2223.02 10-Year 9.73 223.68 225.04 224.48 225.17 0.002142 1.60 6.08 9.43 0.44



HEC-RAS  Plan: Matrix - RR50 Dec08 2020   River: CEG_DESIGN   Reach: REACH1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

REACH1 2223.02 25-Year 11.99 223.68 225.14 224.59 225.31 0.002597 1.84 6.50 9.97 0.49

REACH1 2223.02 50-Year 13.77 223.68 225.19 224.68 225.41 0.003028 2.04 6.75 10.28 0.53

REACH1 2223.02 100-Year 15.81 223.68 225.24 224.77 225.50 0.003604 2.27 6.96 10.55 0.58

REACH1 2223.02 Regional 18.56 223.68 225.61 224.90 225.84 0.002448 2.16 8.60 12.64 0.50

REACH1 2223.01 2-Year 5.69 223.33 224.78 224.20 224.82 0.001112 0.77 7.35 9.59 0.28

REACH1 2223.01 5-Year 8.09 223.33 224.97 224.34 225.01 0.001218 0.88 9.20 10.62 0.30

REACH1 2223.01 10-Year 9.73 223.33 225.07 224.41 225.11 0.001298 0.94 10.30 11.18 0.31

REACH1 2223.01 25-Year 11.99 223.33 225.18 224.51 225.23 0.001447 1.04 11.55 11.79 0.33

REACH1 2223.01 50-Year 13.77 223.33 225.24 224.58 225.31 0.001591 1.11 12.35 12.17 0.35

REACH1 2223.01 100-Year 15.81 223.33 225.31 224.65 225.38 0.001776 1.20 13.14 12.53 0.38

REACH1 2223.01 Regional 18.56 223.33 225.68 224.74 225.73 0.001016 1.02 18.20 14.62 0.29

REACH1 2219.56 2-Year 6.08 223.16 224.62 224.30 224.70 0.004223 1.26 4.84 7.82 0.51

REACH1 2219.56 5-Year 8.72 223.16 224.78 224.47 224.88 0.004558 1.41 6.20 9.03 0.54

REACH1 2219.56 10-Year 10.49 223.16 224.87 224.56 224.98 0.004802 1.50 7.03 15.67 0.56

REACH1 2219.56 25-Year 12.98 223.16 224.96 224.67 225.09 0.004875 1.61 9.57 33.53 0.58

REACH1 2219.56 50-Year 14.95 223.16 225.02 224.75 225.16 0.005003 1.70 11.68 43.36 0.59

REACH1 2219.56 100-Year 17.19 223.16 225.03 224.82 225.21 0.006068 1.89 12.44 45.59 0.65

REACH1 2219.56 Regional 38.30 223.16 225.47 225.34 225.61 0.003778 1.97 39.45 95.39 0.55

REACH1 2219.55 2-Year 6.08 222.82 223.49 223.49 223.68 0.017370 1.95 3.13 8.30 1.01

REACH1 2219.55 5-Year 8.72 222.82 223.61 223.61 223.83 0.016430 2.09 4.16 9.48 1.01

REACH1 2219.55 10-Year 10.49 222.82 223.68 223.68 223.92 0.015544 2.15 4.87 10.21 1.00

REACH1 2219.55 25-Year 12.98 222.82 223.77 223.77 224.02 0.015250 2.24 5.80 11.33 1.00

REACH1 2219.55 50-Year 14.95 222.82 223.84 223.83 224.09 0.014297 2.25 6.64 12.23 0.98

REACH1 2219.55 100-Year 17.19 222.82 223.97 223.89 224.18 0.010286 2.07 8.30 13.53 0.84

REACH1 2219.55 Regional 38.30 222.82 224.31 224.31 224.69 0.013501 2.74 13.99 18.41 1.00

REACH1 2219.54 2-Year 6.08 221.60 223.01 223.01 0.000307 0.54 30.36 53.22 0.16

REACH1 2219.54 5-Year 8.72 221.60 223.63 223.64 0.000071 0.35 70.91 74.26 0.08

REACH1 2219.54 10-Year 10.49 221.60 223.77 223.77 0.000071 0.36 81.42 78.02 0.08

REACH1 2219.54 25-Year 12.98 221.60 223.90 223.90 0.000081 0.40 91.21 81.27 0.09

REACH1 2219.54 50-Year 14.95 221.60 223.97 223.97 0.000090 0.44 97.20 83.19 0.10

REACH1 2219.54 100-Year 17.19 221.60 224.07 224.07 0.000096 0.47 105.59 86.51 0.10

REACH1 2219.54 Regional 38.30 221.60 224.23 224.24 0.000353 0.94 120.28 95.14 0.19

REACH1 2219.53 2-Year 6.08 220.75 222.79 221.91 222.93 0.004266 1.64 3.76 29.07 0.39

REACH1 2219.53 5-Year 8.72 220.75 223.52 222.19 223.60 0.004015 1.33 12.78 77.30 0.46

REACH1 2219.53 10-Year 10.49 220.75 223.74 222.36 223.76 0.001256 0.86 29.86 84.55 0.26

REACH1 2219.53 25-Year 12.98 220.75 223.87 222.59 223.88 0.000892 0.78 41.36 89.62 0.23

REACH1 2219.53 50-Year 14.95 220.75 223.94 222.76 223.96 0.000819 0.78 48.13 93.57 0.22

REACH1 2219.53 100-Year 17.19 220.75 224.04 222.93 224.06 0.000679 0.75 57.99 98.72 0.20

REACH1 2219.53 Regional 38.30 220.75 224.15 223.82 224.19 0.002147 1.40 68.99 103.55 0.36

REACH1 2219.525 Culvert

REACH1 2219.52 2-Year 6.08 220.65 222.06 222.06 222.60 0.036106 3.26 1.86 1.74 1.01

REACH1 2219.52 5-Year 8.72 220.65 222.40 222.40 223.02 0.031508 3.50 2.51 28.84 0.99

REACH1 2219.52 10-Year 10.49 220.65 222.57 222.57 223.26 0.029531 3.69 2.89 43.58 0.97

REACH1 2219.52 25-Year 12.98 220.65 222.79 222.79 223.58 0.028379 3.96 3.36 51.32 0.98

REACH1 2219.52 50-Year 14.95 220.65 222.95 222.95 223.81 0.027241 4.13 3.73 58.99 0.97

REACH1 2219.52 100-Year 17.19 220.65 223.12 223.12 224.06 0.026424 4.32 4.11 65.41 0.97

REACH1 2219.52 Regional 38.30 220.65 223.73 223.73 223.93 0.010384 3.01 38.89 95.57 0.66

REACH1 2219.51 2-Year 6.08 220.50 222.03 221.82 222.04 0.003166 0.88 14.69 40.93 0.37

REACH1 2219.51 5-Year 8.72 220.50 222.11 222.13 0.003388 1.00 18.41 43.88 0.39

REACH1 2219.51 10-Year 10.49 220.50 222.18 222.20 0.003308 1.05 21.12 45.92 0.39

REACH1 2219.51 25-Year 12.98 220.50 222.25 222.27 0.003233 1.11 24.72 48.37 0.40

REACH1 2219.51 50-Year 14.95 220.50 222.31 222.33 0.003187 1.15 27.39 49.85 0.40

REACH1 2219.51 100-Year 17.19 220.50 222.36 222.39 0.003172 1.20 30.26 51.47 0.40

REACH1 2219.51 Regional 38.30 220.50 222.76 222.80 0.003201 1.53 53.54 63.73 0.43

REACH1 2219.50 2-Year 6.08 220.15 221.37 221.37 221.59 0.017409 2.11 2.98 7.56 1.00

REACH1 2219.50 5-Year 8.72 220.15 221.55 221.55 221.74 0.010478 2.03 6.04 23.95 0.82

REACH1 2219.50 10-Year 10.49 220.15 221.61 221.61 221.81 0.009838 2.11 7.76 27.46 0.80

REACH1 2219.50 25-Year 12.98 220.15 221.69 221.69 221.90 0.009545 2.22 9.96 31.10 0.81

REACH1 2219.50 50-Year 14.95 220.15 221.74 221.74 221.96 0.009391 2.30 11.66 33.62 0.81

REACH1 2219.50 100-Year 17.19 220.15 221.80 221.80 222.02 0.009170 2.38 13.61 36.31 0.81

REACH1 2219.50 Regional 38.30 220.15 222.14 222.14 222.42 0.009216 2.97 29.44 54.20 0.85



APPENDIX F HEC-RAS OUTPUT 

Item 3 – Cross-section Profile
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APPENDIX F HEC-RAS OUTPUT 

Item 4 – Water Surface Elevation Profile 
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Appendix B

Hydraulic Modelling Outputs

                                  SWM Report for EA and Preliminary Design for Drainage Improvements of Highway 50
 From Mayfield Road to Healey Road



Sadman Soumik
Text Box
WEST SIDE PLAN & PROFILE - INFOWORKS MODEL OUTPUT1.   WEST SIDE PROFILE 1              -----   FIGURE  1A-1H2.   WEST SIDE PROFILE 2              -----   FIGURE  2A-2H3.   WEST SIDE PROFILE 3              -----   FIGURE  3A-3H4.   WEST SIDE PROFILE 4              -----   FIGURE  4A-4H5.   WEST SIDE PROFILE 5              -----   FIGURE  5A-5H6.   WEST SIDE PROFILE 6              -----   FIGURE  6A-6H7.   WEST SIDE PROFILE 7              -----   FIGURE  7A-7H8.   WEST SIDE PROFILE 8              -----   FIGURE  8A-8H9.   WEST SIDE PROFILE 9              -----   FIGURE  9A-9H10. WEST SIDE PROFILE 10            -----   FIGURE 10A-10H11. WEST SIDE PROFILE 11            -----   FIGURE 11A-11H 12. WEST SIDE PROFILE 12            -----   FIGURE 12A-12H 13. WEST SIDE PROFILE 13            -----   FIGURE 13A-13H14. WEST SIDE PROFILE 14            -----   FIGURE 14A-14H 15. WEST SIDE PROFILE 15            -----   FIGURE 15A-15H 16. WEST SIDE PROFILE 16            -----   FIGURE 16A-16H17. WEST SIDE PROFILE 17            -----   FIGURE 17A-17H 18. WEST SIDE PROFILE 18            -----   FIGURE 18A-18H 19. WEST SIDE PROFILE 19            -----   FIGURE 19A-19H 20. WEST SIDE PROFILE 20            -----   FIGURE 20A-20H



Sadman Soumik
Stamp

Sadman Soumik
Stamp

Sadman Soumik
Stamp

Sadman Soumik
Text Box
DATA FLAGS

Sadman Soumik
Rectangle



RR-ED-4
RR-WD-4

RR-WD-3
RR-ED-2

STMHRR050-0318

STMHRR050-0319

STMHRR050-0321

STMHRR050-0317

STMHRR050-0320

STINRR050-0228

RR-WD-1

RR-WD-2

RR-ED-1A

RR-WD-0

RR-RLD-1

RR-RLD-2

EXISTING CONDITION - 10 - YEAR - WEST SIDE PLAN 1

1A



0 26

RR-WD-1
RR-WD-1
252.191
251.557
0.634161

RR-WD-2
RR-WD-2

252.000
251.254

0.745789

RR-WD-1.1
RR-WD-1
RR-WD-2

1
26.3
CIRC
750
750
N

251.250
251.000
0.00952

1.086
0.307

0.37046
2.181

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

251.0

253.0

251.2

251.4

251.6

251.8

252.0

252.2

252.4

252.6

252.8

m
 A

D

m



STMHRR050-0326

STMHRR050-0323

STMHRR050-0324

STMHRR050-0327

RR-RLD-1

RR-RLD-2

RR-ED-2

STMHRR050-0318

STMHRR050-0319

STMHRR050-0321

STMHRR050-0317

STMHRR050-0320

STINRR050-0228

RR-WD-1

RR-WD-2

RR-ED-1A

RR-WD-0



0 26

RR-WD-1
RR-WD-1
252.191
251.557
0.633780

RR-WD-2
RR-WD-2

252.000
251.238

0.761581

RR-WD-1.1
RR-WD-1
RR-WD-2

1
26.3
CIRC
750
750
N

251.250
251.000
0.00952

1.086
0.307

0.37129
2.183

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

251.0

253.0

251.2

251.4

251.6

251.8

252.0

252.2

252.4

252.6

252.8

m
 A

D

m



STMHRR050-0323

RR-WD-4

RR-WD-3
RR-ED-2

STMHRR050-0318

STMHRR050-0319

STMHRR050-0321

STMHRR050-0317

STMHRR050-0320

STINRR050-0228

RR-WD-1

RR-WD-2

RR-ED-1A

RR-WD-0

RR-RLD-1

RR-RLD-2



0 26

RR-WD-1
RR-WD-1
252.191
251.677
0.513891

RR-WD-2
RR-WD-2

252.000
251.303

0.697281

RR-WD-1.1
RR-WD-1
RR-WD-2

1
26.3
CIRC
750
750
N

251.250
251.000
0.00952

1.086
0.422

0.64887
2.532

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

251.0

253.0

251.2

251.4

251.6

251.8

252.0

252.2

252.4

252.6

252.8

m
 A

D

m



STMHRR050-0326

STMHRR050-0329

STMHRR050-0323

STMHRR050-0327

RR-RLD-1

RR-RLD-2

RR-WD-3
RR-ED-2

STMHRR050-0318

STMHRR050-0319

STMHRR050-0321

STMHRR050-0317

STMHRR050-0320

RR-WD-1

RR-WD-2

RR-ED-1A

RR-WD-0



0 26

RR-WD-1
RR-WD-1
252.191
251.678
0.513495

RR-WD-2
RR-WD-2

252.000
251.265

0.735275

RR-WD-1.1
RR-WD-1
RR-WD-2

1
26.3
CIRC
750
750
N

251.250
251.000
0.00952

1.086
0.423

0.65001
2.534

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

251.0

253.0

251.2

251.4

251.6

251.8

252.0

252.2

252.4

252.6

252.8

m
 A

D

m



RR-ED-9

RR-ED-10

RR-ED-12

RR-ED-8

RR-ED-7

RR-ED-11

RR-ED-4

RR-WD-5

RR-ED-6

RR-ED-5

RR-WD-4

RR-WD-3

RR-WD-1

RR-WD-2

RR-ED-1A

RR-WD-0

RR-RLD-1

RR-RLD-2





RR-RLD-1

RR-RLD-2

RR-ED-9

RR-ED-10

RR-ED-12

RR-ED-8

RR-ED-7

RR-ED-11

PR-MH-1

RR-ED-4

RR-WD-5

RR-ED-6

RR-WD-4

RR-WD-3

STNDRR050-0573

RR-WD-1

RR-WD-2

RR-ED-1A

RR-WD-0



0 520 586 694 803 896 931

RR
-W

D
-2

RR
-W

D
-3

RR
-W

D
-4

RR
-W

D
-5

RR-WD-2
RR-WD-2
252.000
251.238
0.761581

RR-WD-3
RR-WD-3
247.288
245.318
1.970266

RR-WD-4
RR-WD-4
247.068
245.179
1.888572

RR-WD-5
RR-WD-5
246.754
244.936
1.817675

RR-WD-6
RR-WD-6
245.882
244.701
1.181824

RR-WD-7
RR-WD-7

246.250
244.272

1.978470

RR-WD-2.1
RR-WD-2
RR-WD-3

1

Channel (Assumption)

251.000
244.853

56.632
0.238

0.36168
0.280

RR-WD-3.1
RR-WD-3
RR-WD-4

1
65.5
CIRC
750
750
N

244.853
244.720
0.00203
0.502
0.463

0.34999
1.246

RR-WD-4.1
RR-WD-4
RR-WD-5

1
108.3
CIRC
750
750
N

244.720
244.500
0.00203

0.502
0.457

0.34984
1.256

RR-WD-5.1
RR-WD-5
RR-WD-6

1
109.1
CIRC
750
750
N

244.420
244.310
0.00101

0.354
0.514

0.34776
1.083

RR-WD-6.1
RR-WD-6
RR-WD-7

1
92.6
CIRC
750
750
N

244.310
244.000
0.00335
0.644
0.390

0.34808
1.500

-
-
-
1

-

-
-

-
0.272

-
0.711

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

243.0

252.0

244.0

245.0

246.0

247.0

248.0

249.0

250.0

251.0

m
 A

D

m



RR-ED-13

RR-ED-9

RR-ED-10

RR-ED-12

RR-ED-8

RR-ED-7

RR-ED-11

RR-ED-4

RR-WD-5

RR-ED-6

RR-WD-3

STMHRR050-0318

STMHRR050-0319

RR-WD-1

RR-WD-2

RR-ED-1A

RR-WD-0

RR-RLD-1

RR-RLD-2



0 520 586 694 803 896

RR
-W

D
-2

RR-WD-2
RR-WD-2
252.000
251.303
0.697281

RR-WD-3
RR-WD-3
247.288
246.606

0.681631

RR-WD-4
RR-WD-4
247.068
246.257
0.811179

RR-WD-5
RR-WD-5
246.754
245.678
1.076464

RR-WD-6
RR-WD-6
245.882
245.088
0.794662

-
-
-
-
-

RR-WD-2.1
RR-WD-2
RR-WD-3

1

Channel (Assumption)

251.000
244.853

56.632
0.303

1.09942
0.661

RR-WD-3.1
RR-WD-3
RR-WD-4

1
65.5
CIRC
750
750
N

244.853
244.720
0.00203

0.502
1.731

0.77860
1.650

RR-WD-4.1
RR-WD-4
RR-WD-5

1
108.3
CIRC
750
750
N

244.720
244.500
0.00203
0.502
1.504

0.78344
1.672

RR-WD-5.1
RR-WD-5
RR-WD-6

1
109.1
CIRC
750
750
N

244.420
244.310
0.00101
0.354
1.220

0.78342
1.688

RR-WD-6.1
RR-WD-6
RR-WD-7

1
92.6
CIRC
750
750
N

244.310
244.000
0.00335
0.644
0.758

0.78670
1.759

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

244.0

252.0

245.0

246.0

247.0

248.0

249.0

250.0

251.0

m
 A

D

m



RR-RLD-1

RR-RLD-2

RR-ED-9

RR-ED-10

RR-ED-8

RR-ED-7

RR-ED-4

RR-WD-5

RR-ED-6

RR-ED-5

RR-WD-4

RR-WD-3

RR-WD-1

RR-WD-2

RR-ED-1A

RR-WD-0



0 520 586 694 803 896 931

RR
-W

D
-2

RR
-W

D
-3

RR
-W

D
-4

RR
-W

D
-5

RR-WD-2
RR-WD-2
252.000
251.265
0.735275

RR-WD-3
RR-WD-3
247.288
245.853
1.434713

RR-WD-4
RR-WD-4
247.068
245.634
1.433952

RR-WD-5
RR-WD-5
246.754
245.278
1.476260

RR-WD-6
RR-WD-6
245.882
244.887
0.994995

RR-WD-7
RR-WD-7

246.250
244.316

1.933670

RR-WD-2.1
RR-WD-2
RR-WD-3

1

Channel (Assumption)

251.000
244.853

56.632
0.265

0.63929
0.443

RR-WD-3.1
RR-WD-3
RR-WD-4

1
65.5
CIRC
750
750
N

244.853
244.720
0.00203
0.502
0.979

0.60675
1.381

RR-WD-4.1
RR-WD-4
RR-WD-5

1
108.3
CIRC
750
750
N

244.720
244.500
0.00203

0.502
0.893

0.61389
1.397

RR-WD-5.1
RR-WD-5
RR-WD-6

1
109.1
CIRC
750
750
N

244.420
244.310
0.00101

0.354
0.842

0.61373
1.339

RR-WD-6.1
RR-WD-6
RR-WD-7

1
92.6
CIRC
750
750
N

244.310
244.000
0.00335
0.644
0.569

0.61861
1.724

-
-
-
1

-

-
-

-
0.316

-
1.036

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

243.0

252.0

244.0

245.0

246.0

247.0

248.0

249.0

250.0

251.0

m
 A

D

m



RR-ED-13

RR-ED-14

RR-ED-9

RR-ED-16

RR-ED-15

RR-ED-10

RR-ED-12

RR-ED-8

RR-ED-11

RR-WD-7

RR-WD-11

RR-WD-12

RR-WD-10

RR-WD-13

RR-WD-8

RR-WD-9

RR-WD-14

RR-WD-17

RR-WD-18

RR-WD-15



0 35 83 159 186 210 322 340

RR
-W

D
-7

RR
-W

D
-8

RR
-W

D
-9

RR
-W

D
-1

0

RR
-W

D
-1

1

RR
-W

D
-1

2

-
-
-
-
-

RR-WD-8
RR-WD-8
245.500
243.462
2.037827

RR-WD-9
RR-WD-9
244.218
243.245

0.972562

RR-WD-10
RR-WD-10

243.730
242.692

1.038258

RR-WD-11
RR-WD-11

243.548
242.220

1.327846

RR-WD-12
RR-WD-12

243.114
242.011

1.102983

RR-WD-13
RR-WD-13

242.400
241.167

1.232794

-
-
-
-
-

RR-WD-7.1
RR-WD-7
RR-WD-8

1

-

244.000
243.022

51.110
0.293

0.48713
0.897

RR-WD-8.1
RR-WD-8
RR-WD-9

1
47.2
CIRC
900
900
N

243.022
242.887
0.00286

0.969
0.440

0.48554
1.571

RR-WD-9.1
RR-WD-9
RR-WD-10

1

-

242.887
242.399

8.878
0.358

0.48545
0.823

RR-WD-10.1
RR-WD-10
RR-WD-11

1
27.7
CIRC
750
750
N

242.399
241.796
0.02180
1.644
0.292

0.48226
3.027

-
RR-WD-11
RR-WD-12

1
24.1
CIRC
750
750
N

241.796
241.668
0.00531
0.811
0.421

0.48243
1.888

RR-WD-12.1
RR-WD-12
RR-WD-13

1
111.9
CIRC
900
900
N

241.668
240.816
0.00762
1.580
0.343

0.48260
2.170

-
-
-
1

-

240.816
240.733

9.679
0.351

0.48238
0.780

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

240.0

247.0

240.5

241.0

241.5

242.0

242.5

243.0

243.5

244.0

244.5

245.0

245.5

246.0

246.5

m
 A

D

m



RR-ED-13

RR-ED-14

RR-ED-9

RR-ED-16

RR-ED-15

RR-ED-10

RR-ED-12

RR-ED-8

RR-ED-7

RR-ED-11

RR-WD-7

STINRR050-0196

RR-WD-8

RR-WD-9

PR-MH-2

PR-MH-3

MH2

MH4

MH6

MH7

RR-WD-6

PR-MH-4



0 35 83 181 279 374

RR
-W

D
-7

RR
-W

D
-8

RR
-W

D
-9

PR
-M

H
-1

PR
-M

H
-2

-
-
-
-
-

RR-WD-8
RR-WD-8
245.500
243.391
2.109436

RR-WD-9
RR-WD-9
244.218
243.133
1.085462

PR-MH-1
PR-MH-1
243.900
241.256

2.643576

PR-MH-2
PR-MH-2
242.788
239.795
2.992849

PR-MH-3
PR-MH-3

241.937
239.074

2.863025

RR-WD-7.1
RR-WD-7
RR-WD-8

1

-

244.000
243.022

51.110
0.272

0.34897
0.711

RR-WD-8.1
RR-WD-8
RR-WD-9

1
47.2
CIRC
900
900
N

243.022
242.887
0.00286

0.969
0.368

0.34760
1.419

RR-WD-9.1
RR-WD-9
PR-MH-1

1
98.3
CIRC
900
900
N

242.887
241.000
0.01919

2.508
0.245

0.34861
2.484

PR-MH-1.1
PR-MH-1
PR-MH-2

1
98.0
CIRC
900
900
N

241.000
239.500
0.01531
2.240
0.256

0.34916
2.341

PR-MH-2.1
PR-MH-2
PR-MH-3

1
95.6
CIRC
900
900
N

239.500
238.800
0.00733
1.550
0.295

0.34887
1.924

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

238.0

247.0

239.0

240.0

241.0

242.0

243.0

244.0

245.0

246.0

m
 A

D

m



RR-ED-13

RR-ED-14

RR-ED-9

RR-ED-16

RR-ED-15

RR-ED-10

RR-ED-12

RR-ED-8

RR-ED-7

RR-ED-11

RR-WD-7

RR-WD-11

RR-WD-12

RR-WD-10

RR-WD-13

RR-WD-8

RR-WD-9

RR-WD-14

RR-WD-18

RR-WD-19

RR-WD-20

RR-WD-16

RR-ED-17

RR-WD-5

RR-ED-6

RR-WD-6

RR-ED-5



0 35 83 159 186 210 322 340

RR
-W

D
-7

RR
-W

D
-8

RR
-W

D
-9

RR
-W

D
-1

0

RR
-W

D
-1

1

RR
-W

D
-1

2

-
-
-
-
-

RR-WD-8
RR-WD-8
245.500
243.604
1.895782

RR-WD-9
RR-WD-9
244.218
243.338

0.879789

RR-WD-10
RR-WD-10

243.730
242.789

0.941105

RR-WD-11
RR-WD-11

243.548
242.383

1.165493

RR-WD-12
RR-WD-12

243.114
242.120

0.994173

RR-WD-13
RR-WD-13

242.400
241.278

1.122153

-
-
-
-
-

RR-WD-7.1
RR-WD-7
RR-WD-8

1

-

244.000
243.022

51.110
0.345

0.79021
1.165

RR-WD-8.1
RR-WD-8
RR-WD-9

1
47.2
CIRC
900
900
N

243.022
242.887
0.00286

0.969
0.577

0.78925
1.831

RR-WD-9.1
RR-WD-9
RR-WD-10

1

-

242.887
242.399

8.878
0.451

0.78925
0.950

RR-WD-10.1
RR-WD-10
RR-WD-11

1
27.7
CIRC
750
750
N

242.399
241.796
0.02180
1.644
0.387

0.78814
3.431

-
RR-WD-11
RR-WD-12

1
24.1
CIRC
750
750
N

241.796
241.668
0.00531
0.811
0.571

0.78857
2.185

RR-WD-12.1
RR-WD-12
RR-WD-13

1
111.9
CIRC
900
900
N

241.668
240.816
0.00762
1.580
0.451

0.78905
2.471

-
-
-
1

-

240.816
240.733

9.679
0.462

0.78883
0.870

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

240.0

247.0

240.5

241.0

241.5

242.0

242.5

243.0

243.5

244.0

244.5

245.0

245.5

246.0

246.5

m
 A

D

m



RR-ED-13

RR-ED-14

RR-ED-9

RR-ED-16

RR-ED-15

RR-ED-10

RR-ED-12

RR-ED-8

RR-ED-7

RR-ED-11

STINRR050-0196

PR-MH-3

MH2

MH4

MH6

MH7

STMHRR050-0297

RR-ED-20

RR-ED-18

RR-ED-4

RR-WD-5

RR-ED-6

RR-ED-5

RR-WD-4

RR-WD-3

2224.06-1

2224.07-1

2224.08-1

2223.55-12224.02-1

2224.03-1

2223.51-1
2223.53-1

PR-MH-4

MH9

MH11



0 35 83 181 279 374

RR
-W

D
-7

RR
-W

D
-8

RR
-W

D
-9
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-M

H
-1

PR
-M

H
-2

-
-
-
-
-

RR-WD-8
RR-WD-8
245.500
243.529
1.971252

RR-WD-9
RR-WD-9
244.218
243.208
1.009962

PR-MH-1
PR-MH-1
243.900
241.338

2.562109

PR-MH-2
PR-MH-2
242.788
239.900
2.888082

PR-MH-3
PR-MH-3

241.937
239.179

2.758030

RR-WD-7.1
RR-WD-7
RR-WD-8

1

-

244.000
243.022

51.110
0.316

0.62354
1.036

RR-WD-8.1
RR-WD-8
RR-WD-9

1
47.2
CIRC
900
900
N

243.022
242.887
0.00286

0.969
0.505

0.62375
1.698

RR-WD-9.1
RR-WD-9
PR-MH-1

1
98.3
CIRC
900
900
N

242.887
241.000
0.01919

2.508
0.321

0.62878
3.094

PR-MH-1.1
PR-MH-1
PR-MH-2

1
98.0
CIRC
900
900
N

241.000
239.500
0.01531
2.240
0.337

0.63056
2.894

PR-MH-2.1
PR-MH-2
PR-MH-3

1
95.6
CIRC
900
900
N

239.500
238.800
0.00733
1.550
0.400

0.63047
2.311

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

238.0

247.0

239.0

240.0

241.0

242.0

243.0

244.0

245.0

246.0

m
 A

D

m



RR-ED-14

RR-ED-16

RR-ED-15RR-WD-13

RR-WD-14

RR-WD-17

RR-WD-18

RR-WD-19

RR-WD-20

RR-WD-15

RR-ED-18

RR-ED-17

RR-ED-19

RR-WD-21

RR-WD-22



0 18 29 32 66 95 117 133 152
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-W
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RR
-W

D
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8

RR
-W

D
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RR
-W

D
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0

-
-
242.400
241.167
-

RR-WD-14
RR-WD-14

242.240
241.030
1.209589

-
-
-
-
-

RR-WD-16
RR-WD-16
242.049
240.899
1.149861

RR-WD-17
RR-WD-17

241.827
240.684

1.142781

RR-WD-18
RR-WD-18

241.594
240.643
0.951391

RR-WD-19
RR-WD-19

241.461
240.376
1.085496

RR-WD-20
RR-WD-20

241.213
240.126
1.087435

-
-

240.881
239.950

0.931049

RR-WD-13.1
RR-WD-13
RR-WD-14

1

-

240.816
240.733

9.679
0.351

0.48238
0.780

-
RR-WD-14
RR-WD-15

1
10.9
CIRC
900
900
N

240.733
240.500
0.02144

2.651
0.297

0.48209
2.633

-
-
-
1

-

-
-

-
-
-
-

RR-WD-16.1
RR-WD-16
RR-WD-17

1
34.9
CIRC
900
900
N

240.500
240.350
0.00430

1.188
0.399

0.48185
1.770

RR-WD-17.1
RR-WD-17
RR-WD-18

1

-

240.350
240.150

9.662
0.334

0.48232
0.606

RR-WD-18.1
RR-WD-18
RR-WD-19

1
22.1
CIRC
600
600
N

240.150
240.024
0.00569

0.463
0.480

0.48001
1.980

RR-WD-19.1
RR-WD-19
RR-WD-20

1

-

240.024
239.801

10.404
0.352

0.48033
1.064

RR-WD-20.1
RR-WD-20
RR-WD-21

1
19.8
CIRC
900
900
N

239.801
239.610
0.00965

1.779
0.324

0.47995
2.325

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

239.0

243.0

239.5

240.0

240.5

241.0

241.5

242.0

242.5

m
 A

D

m



RR-ED-24

RR-ED-56

RR-ED-23

RR-WD-28

Dummy_0009

Dummy_0011

2223.47-1

RR-WD-27
Dummy_0001

Dummy_0005

RR-ED-16

RR-ED-15

PR-MH-3

MH1

MH2

PR-MH-2

2223.49-1

2223.50-1

2223.51-1

2223.52-12223.54-1

2223.49-2

STMHRR050-0297

STMHRR050-0296

RR-ED-20

RR-ED-18

RR-ED-17

STNDRR050-0574

2223.36

2223.37-1

2223.38-12223.39-1
2223.40-1

PR-MH-4

2223.44-2
2223.44-1

2223.45-1
2223.46-1

2223.44-4

PR-MH-5

RR-ED-14.1

RR-ED-19.1

RR-ED-16.1

RR-ED-13.1
PR-MH-1.1

PR-MH-2.1

PR-MH-3.1

MH2.1

MH4.1

PR-MH-4.1

RR-ED-23.1

STMHRR050-0298.1

2223.44-3.1

PR-MH-5.1

STMHRR050-0297.1



0 84 201

PR
-M

H
-3

PR
-M

H
-4

PR-MH-3
PR-MH-3
241.937
239.074
2.863025

PR-MH-4
PR-MH-4
241.227
238.283
2.944407

PR-MH-5
PR-MH-5

239.743
237.787

1.956318

PR-MH-3.1
PR-MH-3
PR-MH-4

1
84.3
CIRC
900
900
N

238.800
238.000
0.00948

1.763
0.274

0.35050
2.142

PR-MH-4.1
PR-MH-4
PR-MH-5

1
116.3
CIRC
900
900
N

238.000
237.000
0.00860

1.679
0.282

0.35158
2.059

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

237.0

242.0

237.5

238.0

238.5

239.0

239.5

240.0

240.5

241.0

241.5

m
 A

D

m



RR-ED-14

RR-ED-16

RR-ED-15RR-WD-13

RR-WD-14

RR-WD-17

RR-WD-18

RR-WD-19

RR-WD-20

RR-WD-15

RR-ED-20

RR-ED-18

RR-ED-17

RR-ED-19

2223.52-1

RR-WD-21

RR-WD-22

RR-WD-23

RR-WD-24

RR-WD-25



0 18 29 32 66 95 117 133 152
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D
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0

-
-
242.400
241.278
-

RR-WD-14
RR-WD-14

242.240
241.190
1.049738

-
-
-
-
-

RR-WD-16
RR-WD-16
242.049
241.125
0.924153

RR-WD-17
RR-WD-17

241.827
241.026

0.801304

RR-WD-18
RR-WD-18

241.594
241.019
0.574942

RR-WD-19
RR-WD-19

241.461
240.459
1.002122

RR-WD-20
RR-WD-20

241.213
240.227
0.985781

-
-

240.881
240.040

0.841327

RR-WD-13.1
RR-WD-13
RR-WD-14

1

-

240.816
240.733

9.679
0.462

0.78883
0.870

-
RR-WD-14
RR-WD-15

1
10.9
CIRC
900
900
N

240.733
240.500
0.02144

2.651
0.456

0.78851
2.783

-
-
-
1

-

-
-

-
-
-
-

RR-WD-16.1
RR-WD-16
RR-WD-17

1
34.9
CIRC
900
900
N

240.500
240.350
0.00430

1.188
0.619

0.78825
1.915

RR-WD-17.1
RR-WD-17
RR-WD-18

1

-

240.350
240.150

9.662
0.676

0.78970
0.635

RR-WD-18.1
RR-WD-18
RR-WD-19

1
22.1
CIRC
600
600
N

240.150
240.024
0.00569

0.463
0.779

0.78672
2.669

RR-WD-19.1
RR-WD-19
RR-WD-20

1

-

240.024
239.801

10.404
0.435

0.78776
1.261

RR-WD-20.1
RR-WD-20
RR-WD-21

1
19.8
CIRC
900
900
N

239.801
239.610
0.00965

1.779
0.426

0.78733
2.657

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

239.0

243.0

239.5

240.0

240.5

241.0

241.5

242.0

242.5

m
 A

D

m



RR-ED-24

RR-ED-56

RR-ED-23

RR-WD-28

Dummy_0009

Dummy_0011

2223.47-1

RR-WD-27
Dummy_0001

Dummy_0005

RR-ED-16

RR-ED-15

PR-MH-3

MH1

MH2

PR-MH-2

2223.49-1

2223.50-1

2223.51-1

2223.52-12223.54-1

2223.49-2

STMHRR050-0297

STMHRR050-0296

RR-ED-20

RR-ED-18

RR-ED-17

STNDRR050-0574

2223.36

2223.37-1

2223.38-12223.39-1
2223.40-1

PR-MH-4

2223.44-2
2223.44-1

2223.45-1
2223.46-1

2223.44-4

PR-MH-5

RR-ED-14.1

RR-ED-19.1

RR-ED-16.1

RR-ED-13.1
PR-MH-1.1

PR-MH-2.1

PR-MH-3.1

MH2.1

MH4.1

PR-MH-4.1

RR-ED-23.1

STMHRR050-0298.1

2223.44-3.1

PR-MH-5.1

STMHRR050-0297.1



0 84 201

PR
-M

H
-3

PR
-M

H
-4

PR-MH-3
PR-MH-3
241.937
239.179
2.758030

PR-MH-4
PR-MH-4
241.227
238.388
2.838923

PR-MH-5
PR-MH-5

239.743
238.349

1.393513

PR-MH-3.1
PR-MH-3
PR-MH-4

1
84.3
CIRC
900
900
N

238.800
238.000
0.00948

1.763
0.379

0.63651
2.505

PR-MH-4.1
PR-MH-4
PR-MH-5

1
116.3
CIRC
900
900
N

238.000
237.000
0.00860

1.679
0.388

0.64099
2.444

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

237.0

242.0

237.5

238.0

238.5

239.0

239.5

240.0

240.5

241.0

241.5

m
 A

D

m



RR-WD-19

RR-WD-20

RR-ED-21

RR-ED-22

RR-ED-20

RR-ED-18

RR-ED-17

RR-ED-19

2223.42

2223.44-3

2223.44-4

RR-WD-21

RR-WD-22

RR-WD-23

RR-WD-24

RR-WD-25

RR-WD-26

2223.44-2

2223.44-1

2223.45-1

2223.49-1



0 40 83 95 121 171
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RR-WD-21
RR-WD-21
240.881
239.950
0.931049

RR-WD-22
RR-WD-22

241.000
239.607
1.392761

RR-WD-23
RR-WD-23

241.000
238.926

2.073624

RR-WD-24
RR-WD-24
240.000
238.227
1.772873

RR-WD-25
RR-WD-25

239.500
237.982

1.518265

RR-WD-26
RR-WD-26

239.000
237.368

1.632263

RR-WD-21.1
RR-WD-21
RR-WD-22

1

-

239.610
239.305

8.561
0.340

0.48042
0.871

RR-WD-22.1
RR-WD-22
RR-WD-23

1
43.1
CIRC
900
900
N

239.305
238.672
0.01470

2.195
0.302

0.47917
2.559

-
RR-WD-23
RR-WD-24

1

-

238.672
237.763

34.185
0.255

0.47915
1.616

RR-WD-24.1
RR-WD-24
RR-WD-25

1
26.1
CIRC
750
750
N

237.763
237.685
0.00299
0.608
0.461

0.47884
1.683

RR-WD-25.1
RR-WD-25
RR-WD-26

1

-

237.685
236.790

29.699
0.297

0.47882
0.838

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

236.0

241.0

236.5

237.0

237.5

238.0

238.5

239.0

239.5

240.0

240.5

m
 A

D

m



RR-ED-24

RR-ED-56

RR-ED-23

RR-WD-28

Dummy_0009

Dummy_0011

2223.47-1

RR-WD-27
Dummy_0001

Dummy_0005

RR-ED-16

RR-ED-15

PR-MH-3

MH1

MH2

PR-MH-2

2223.49-1

2223.50-1

2223.51-1

2223.52-12223.54-1

2223.49-2

STMHRR050-0297

STMHRR050-0296

RR-ED-20

RR-ED-18

RR-ED-17

STNDRR050-0574

2223.36

2223.37-1

2223.38-12223.39-1
2223.40-1

PR-MH-4

2223.44-2
2223.44-1

2223.45-1
2223.46-1

2223.44-4

PR-MH-5

RR-ED-14.1

RR-ED-19.1

RR-ED-16.1

RR-ED-13.1
PR-MH-1.1

PR-MH-2.1

PR-MH-3.1

MH2.1

MH4.1

PR-MH-4.1

RR-ED-23.1

STMHRR050-0298.1

2223.44-3.1

PR-MH-5.1

STMHRR050-0297.1
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PR-MH-5
PR-MH-5
239.743
237.787
1.956318
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239.000
237.787

1.213318

PR-MH-5.1
PR-MH-5
DICB-1

1
71.0
CIRC
900
900
N

237.000
236.790
0.00296

0.985
0.787

0.35155
1.417

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

236.0

240.0

236.5

237.0

237.5

238.0

238.5

239.0

239.5

m
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D

m



RR-ED-24

RR-ED-56

RR-ED-23

RR-WD-28

2223.47-1

RR-WD-27

RR-ED-16

RR-WD-14

RR-WD-17

RR-WD-18

RR-WD-19

RR-WD-20

RR-WD-15

RR-ED-21

RR-ED-22

RR-ED-20

RR-ED-18

RR-ED-17

RR-ED-19

STNDRR050-0574 2223.39-1

2223.40-1

2223.50-1

2223.51-1

2223.52-1

2223.49-2

2223.44-3

2223.44-4

RR-WD-21

RR-WD-22

RR-WD-23

RR-WD-24

RR-WD-25

RR-WD-26

2223.44-1

2223.45-1
2223.46-1

2223.49-1



0 40 83 95 121 171
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RR-WD-21
RR-WD-21
240.881
240.040
0.841327

RR-WD-22
RR-WD-22

241.000
239.690
1.309784

RR-WD-23
RR-WD-23

241.000
238.973

2.026627

RR-WD-24
RR-WD-24
240.000
238.405
1.595108

RR-WD-25
RR-WD-25

239.500
238.041

1.458664

RR-WD-26
RR-WD-26

239.000
237.463

1.536545

RR-WD-21.1
RR-WD-21
RR-WD-22

1

-

239.610
239.305

8.561
0.430

0.78904
1.011

RR-WD-22.1
RR-WD-22
RR-WD-23

1
43.1
CIRC
900
900
N

239.305
238.672
0.01470

2.195
0.385

0.78779
3.035

-
RR-WD-23
RR-WD-24

1

-

238.672
237.763

34.185
0.302

0.78778
2.020

RR-WD-24.1
RR-WD-24
RR-WD-25

1
26.1
CIRC
750
750
N

237.763
237.685
0.00299
0.608
0.627

0.78762
1.995

RR-WD-25.1
RR-WD-25
RR-WD-26

1

-

237.685
236.790

29.699
0.356

0.78761
1.060

Node
Node ID
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0.056
2.230

0.05996
0.971

DCBMH-208A.1
DCBMH-208A
DCBMH-208

1
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N

227.849
227.599
0.00429
0.115
2.307

0.10686
1.214

DCBMH-208.1
DCBMH-208
DCBMH-209

1
52.2
CIRC
375
375
N

227.569
227.309
0.00498
0.124
2.391

0.15087
1.353

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

227.0

231.0

227.5

228.0

228.5

229.0

229.5

230.0

230.5

m
 A

D

m



RR-ED-47

RR-ED-45

RR-ED-49

RR-ED-46

RR-ED-48

RR-ED-44

RR-WD-47

RR-ED-58

RR-ED-50

RR-ED-51

RR-WD-55
2223.05-1

2223.06-1

2223.07-1

2223.08-2

2223.09-1
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RR-WD-51

RR-WD-53

RR-WD-54
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229.250
227.540

1.709564
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RR-WD-52

229.150
227.537

1.612891

RR-WD-50.1
RR-WD-50
RR-WD-51

1
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CIRC
600
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N

227.381
227.121
0.01441

0.737
0.204

0.14187
1.804

RR-WD-51.1
RR-WD-51
RR-WD-52

1

West Side Ditch-7 (Downstream of George Bolton Pkwy)

227.121
226.910

15.132
0.419

0.15046
0.576

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

230.0

226.5

227.0

227.5

228.0

228.5

229.0

229.5
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DCBMH-211

MH-211A

EXMH-23

DCBMH-212

DCBMH-218
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STMHRR050-0275
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RR-ED-44

2223.14-1
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DCBMH-208

DCBMH-216
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STMHRR050-0268
STNDRR050-05782223.05-1
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1.488880
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DCBMH-209
DCBMH-210

1
51.9
CIRC
375
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N

227.234
226.974
0.00501

0.124
0.405

0.14718
1.358

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

230.0

226.5

227.0

227.5

228.0

228.5

229.0

229.5
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RR-WD-44

RR-ED-53
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RR-WD-46

RR-WD-47

RR-ED-59

RR-ED-58

RR-ED-50

RR-ED-51
RR-WD-55 2223.05-1

2223.06-1

2223.08-2

2223.09-1

2223.12-1RR-WD-48

RR-WD-49

RR-WD-50

RR-WD-51

RR-WD-53

RR-WD-54

2223.04-1
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1.038696
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229.250
227.952

1.297989
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RR-WD-52

229.150
227.952

1.198203

RR-WD-50.1
RR-WD-50
RR-WD-51

1
18.0
CIRC
600
600
N

227.381
227.121
0.01441

0.737
0.579

0.21152
1.974

RR-WD-51.1
RR-WD-51
RR-WD-52

1

West Side Ditch-7 (Downstream of George Bolton Pkwy)

227.121
226.910

15.132
0.831

0.21727
0.613

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

230.0

226.5

227.0

227.5

228.0

228.5

229.0

229.5
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DCBMH-217

STMHRR050-0272

STMHRR050-0274

STMHRR050-0270

STMHRR050-0273

STINRR050-0150
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2223.08-2

2223.09-1

2223.12-1
DCBMH-209

DCBMH-210

DCBMH-211

MH-211A

EXMH-23

DCBMH-212

DCBMH-218
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STMHRR050-0275

STNDRR050-0587

STINRR050-0155

RR-ED-44

EX-CB

DCBMH-208

DCBMH-216

DCBMH-214

STMHRR050-0269

STMHRR050-0268

STNDRR050-0578
2223.05-1
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228.728
228.904

-0.176312

DCBMH-209.1
DCBMH-209
DCBMH-210

1
51.9
CIRC
375
375
N

227.234
226.974
0.00501

0.124
2.324

0.19580
1.520

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

230.0

226.5

227.0

227.5

228.0

228.5

229.0

229.5
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RR-WD-55
2223.05-1

2223.06-1

2223.07-1

2223.08-2
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RR-ED-45.1
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RR-ED-46
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CIRC
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N

227.327
227.116
0.00424

0.063
0.340

0.04222
0.942

RR-ED-46.1
RR-ED-46
RR-ED-47

1
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CIRC
300
300
N

227.116
227.011
0.00518
0.070
0.459

0.05606
1.077

RR-ED-47.1
RR-ED-47
RR-WD-52

1
5.5

CIRC
300
300
N

227.011
226.910
0.01844
0.131
0.535

0.04937
1.006

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

230.0

226.5

227.0

227.5

228.0

228.5

229.0

229.5
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DCBMH-217

STMHRR050-0272

STMHRR050-0274
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STMHRR050-0273

STINRR050-0150

2223.06-1

2223.09-1

2223.12-1
DCBMH-209

DCBMH-210

DCBMH-211

MH-211A

EXMH-23

DCBMH-212

DCBMH-218

STMHRR050-0276

STMHRR050-0275

RR-WD-41

STINRR050-0155

RR-ED-40

RR-ED-41

RR-ED-44

2223.14-1

EX-CB

DCBMH-208

DCBMH-216

STMHRR050-0267

STINRR050-0147

DCBMH-222

STMHRR050-0269

STMHRR050-0268
STNDRR050-05782223.05-1
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228.728
227.239
1.488880

DCBMH-211
DCBMH-211

228.328
226.841

1.487271

DCBMH-210.1
DCBMH-210
DCBMH-211

1
52.0
CIRC
450
450
N

226.899
226.639
0.00500
0.202
0.335

0.18666
1.486

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

229.0

226.2

226.4

226.6

226.8

227.0

227.2

227.4

227.6

227.8

228.0

228.2

228.4

228.6

228.8
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RR-ED-47

RR-ED-45

RR-ED-49

RR-ED-46

RR-ED-48

RR-WD-44

RR-ED-53

RR-WD-41
RR-WD-42

RR-WD-43

RR-ED-52

RR-ED-40

RR-ED-39

RR-ED-41

RR-ED-44

2223.14-1

RR-WD-46

RR-WD-47

RR-ED-58

RR-ED-50

RR-ED-51
RR-WD-55 2223.05-1

2223.06-1

2223.08-2

2223.09-1

2223.12-1RR-WD-48

RR-WD-49

RR-WD-50

RR-WD-51

RR-WD-53

RR-WD-54
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RR-ED-45
RR-ED-45
228.764
228.143
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RR-ED-46
228.462
228.030

0.432220

RR-ED-47
RR-ED-47
228.394
227.963
0.431183
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RR-ED-45.1
RR-ED-45
RR-ED-46

1
49.8
CIRC
300
300
N

227.327
227.116
0.00424

0.063
0.813

0.06115
0.996

RR-ED-46.1
RR-ED-46
RR-ED-47

1
20.3
CIRC
300
300
N

227.116
227.011
0.00518
0.070
0.886

0.09108
1.212

RR-ED-47.1
RR-ED-47
RR-WD-52

1
5.5

CIRC
300
300
N

227.011
226.910
0.01844
0.131
0.950

0.08938
1.198

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

230.0

226.5

227.0

227.5

228.0

228.5

229.0

229.5
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DCBMH-217

STMHRR050-0272

STMHRR050-0274

STMHRR050-0270

STMHRR050-0273

STINRR050-0150

2223.06-1

2223.08-2

2223.09-1

2223.12-1
DCBMH-209

DCBMH-210

DCBMH-211

MH-211A

EXMH-23

DCBMH-212

DCBMH-218

STMHRR050-0275

STNDRR050-0587

RR-ED-44

DCBMH-208

DCBMH-216

STINRR050-0147

DCBMH-222

STMHRR050-0269

STMHRR050-0268

STNDRR050-0578
2223.05-1
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228.328
228.487

-0.158694

DCBMH-210.1
DCBMH-210
DCBMH-211

1
52.0
CIRC
450
450
N

226.899
226.639
0.00500
0.202
1.990

0.25036
1.526

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

229.0

226.2

226.4

226.6

226.8

227.0

227.2

227.4

227.6

227.8

228.0

228.2

228.4

228.6

228.8
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226.549
0.00613
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1.890

RR-WD-54.1
RR-WD-54
RR-WD-55

1

West Side Ditch-8 (Downstream of George Bolton Pkwy)

226.549
225.811

14.863
0.253

0.23288
0.736

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

225.0

230.0

225.5

226.0

226.5

227.0

227.5

228.0

228.5

229.0

229.5
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226.209
0.00986
0.283
0.358

0.22690
1.896

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

226.0

229.0

226.2

226.4

226.6

226.8

227.0

227.2

227.4

227.6
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228.0
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RR-ED-51
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2223.06-1
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2223.12-1RR-WD-48
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0 26 57 140

RR
-W

D
-5

2

RR
-W

D
-5

3

RR
-W

D
-5

4

RR-WD-52
RR-WD-52
229.150
227.952
1.198203

RR-WD-53
RR-WD-53

229.000
227.952
1.048340

RR-WD-54
RR-WD-54

228.500
226.843

1.657074

RR-WD-55
RR-WD-55

228.000
226.161

1.839249

RR-WD-52.1
RR-WD-52
RR-WD-53

1

-

226.910
226.739

14.830
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RR-WD-53
RR-WD-54
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CIRC
300
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N

226.739
226.549
0.00613

0.076
1.172

0.18068
2.305

RR-WD-54.1
RR-WD-54
RR-WD-55

1

West Side Ditch-8 (Downstream of George Bolton Pkwy)

226.549
225.811

14.863
0.294

0.31887
0.816

Node
Node ID
ground (m AD)
level (m AD)
expr:Freeboard

Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)

225.0
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CIRC
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N

226.474
226.209
0.00986
0.283
1.990

0.30681
1.920

Node
Node ID
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Node ID
ground (m AD)
level (m AD)
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ds node
numbarrels
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Rough type
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ds node
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ds node
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Node ID
ground (m AD)
level (m AD)
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Link
US node ID
ds node
numbarrels
length (m)
Shape ID
width (mm)
height (mm)
Rough type
us inv (m AD)
ds inv (m AD)
grad (m/m)
r.pfc (m3/s)
US depth (m)
US flow (m3/s)
US velocity (m/s)
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Appendix C

OGS & Catchbasin Shield

                                  SWM Report for EA and Preliminary Design for Drainage Improvements of Highway 50
 From Mayfield Road to Healey Road
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Stormceptor Inspection and Maintenance Log

Stormceptor Model No: ________________________

Serial Number: ________________________

Installation Date: ________________________

Location Description of Unit: ________________________

Recommended Sediment Maintenance Depth: ________________________

DATE
SEDIMENT

DEPTH
(inch or mm)

OIL
DEPTH

(inch or mm)

SERVICE
REQUIRED

(Yes / No)

MAINTENANCE
PERFORMED

MAINTENANCE
PROVIDER

COMMENTS

Other Comments:



Contact Information



Mark
Text Box
CB Shield Operations ManualInstalling CB ShieldIt is important the catch basin frame and cover is aligned properly with the catch basin belowIf it is misaligned it may be difficult to install the CB Shield insertDetermine the depth of the sump (i.e. the distance from the invert of the outlet pipe to the bottom of the catch basin). If the catch basin is in service the sump depth will be the depth of the water. The grate section of the CB Shield insert should be the same elevation as the water depth in the sump.

Mark
Snapshot

Mark
Callout
CB Shield Grate

Mark
Text Box
Adjust the leg of the CB Shield to achieve the appropriate elevationThe CB Shield is lowered into place with the rope attached to the top of the leg. The high side of the sloped plate should face the wall with the outlet pipe. (The incoming water should be directed to the wall furthest from the outlet)The flexible plastic skirt around the outer edges of the CB Shield insert may interfere with some misaligned frame and grates. If so a slice can be cut into the skirt with a utility knife at the point of interference.Make sure the grate is at the desired level or remove CB Shield and re-adjust the leg length.Inspecting a CB Shield Enhanced Catch BasinOpen grateA lifting rope is attached to the top of the centered leg of the CB Shield insert. Lift and remove the insert.Inspect CB Shield for any possible damage. Quite often leaves will accumulate on the grate. This can actually improve the Shield's ability to capture sediment and assist in preventing leave litter from being washed down stream. Use a Sludge Judge to measure the sediment depth in 4 - 6 locations of the sump.If the sediment depth is 300mm – 600mm deep it is recommended that the unit be cleaned.

Mark
Callout
CB Shield Adjustable Leg

Mark
Text Box
 Cleaning a CB Shield Enhanced Catch Basin Open grate and remove CB Shield with lift rope.Clean catch basin as usual with a Vacuum truck.Clean CB Shield (if needed) and re-install into catch basin.If there is any significant damage to a CB Shield please send a picture and its location to CB Shield Inc. (info@cbshield.com).
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