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Preface

The Detroit River International Crossing {(DRIC) Environmental Assessment Study is being
conducted by a partnership of the federal, state and provincial governments in Canada and
the United States in accordance with the requirements of the Canadian Environmental
Assessment Act (CEAA), the Ontario Environmental Assessment Act (OEAA), and the U.S.
National Environmental Policy Act (NEPA). In 2006, the Canadian and U.S. Study Teams
completed an assessment of illustrative crossing, plaza and access road alternatives. This
assessment is documented in two reports: Generation and Assessment of illustrafive
Alfernatives Report - Draft November 2006) {Canadian side} and Evaluation of Hustrafive
Altemmatives Report (December 2006) (U.S. side). The results of this assessment led to the
identification of an Area of Continued Analysis (ACA) as shown in Exhibit 1.

Within the ACA, practical alternatives were developed for the crossings, plazas and access
routes alternatives. The evaluation of practical crossing, plaza and access road altemnatives
is based on the following seven factors:

«  Changes to Air Quality

»  Protection of Community and Neighbourhood Characteristics

«  Consistency with Existing and Planned Land Use

«  Protection of Cultural Resources

«  Protection of the Natural Environment

= Improvements to Regicnal Mability

= Cost and Constructability

This report pertains to the Cost and Constructability factor and is one of several reports that
will be used in support of the evaluation of practical alternatives and the selection of the

technically and environmentally preferred alternative. This report will form a part of the
environmental assessment documentation for this siudy.

Additional documentation pertaining to the evaluation of practical alternatives is available for
viewing/downloading at the study website (www.partnershipborderstudy.com).

Detroit River Internalional Crossing Study Page i



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Table of Contents

T IRETOAUCTION oottt ettt ettt e ettt e ta e st ettt eeterenr et 1
2. Background REVIEW .......ccciiiiiiiieceee et ettt 3
3. Existing Storm Drainage Condition .......c.cc.viiiiiiieesiies ettt ettt 5
4, Stormwater Design CrtEMIa..........cocoiiiiii ettt e 6
4.1. SEOMM DIBINAGE ... eeoveiviet ettt ee e ev e e en et e e s e rens e 6
4.2. Stormwater Management..... ..ottt oottt e 6
5. Stream Crossing IMpact ASSESSIMENT.........cviiiieiiieri et ettt 7
51. AREMNENIVE TA - AL Grade .....oiv e s 8
5.2. Alternative 1B — BeIOW Gratde.......c.oivivivii sttt 10
5.3. ATenative 2A — ALGTAUE ......oiciieecee ettt 12
54. Alternative 2B — BelOW Gratde......cccvviiiccreese ettt 12
5.5. Alternative 2B Revised — Modified Below Grade .......cooooeieiiece e 13
5.6. AREMEALIVE 3 = TUNNEL ..ot ettt e 13
6. Stormwater Management PIan ... b 14
6.1. Screening of ARBIMAIVES ... c.ov. e et 14
6.2. FiSh HADILAL...... oo ettt et 15
6.3. Proposed Stormwater Management Plans — Roadway Design ........ccccovevieviieeeeeceee e 16
8.3.1.  AeMative TA = AL GIadE ..ot et 17
6.3.2.  Alternative 1B — BeIOW Grade........cccvovoeiri e 19
8.3.3.  Alternative 2A — AL GIadE ....c..oovviviieee e e 20
6.34.  Allernative 2B = BIOW GIAE .........c..oooeo oottt ettt 22
6.3.5.  Alternative 2B Revised ~ Modified Below Grade .......c..occvoveviiioceeccceecee e 23
6.36.  ANEMAtiVe 3 — TUNNEL ...ttt 24
7o PlAZA OPHONS ..o e ettt et bbbt 27
7.1. Stormwater Management PIan ..o 27
TAAL PlaZA OPUON A ettt et 28
7120 Plaza Oplion B and Bl ... e e 29
T30 Plaza Oplion " CF Lot 30

Detroit River Internaticnal Crossing Study Page ii



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report

Revised December 2007

Stermwater Management Plan

List of Figures

Figure 1-1; STUAY LIMIt.. e ettt nr s st e e e rae e

Figure 3-1: Existing Drainage Condition

Figure 6-1. Altemative 1-A at Grade Stormwater Management Plan

Figure 6-2 : Profile of Highway 402 Extension Al 1A to Plaza B - at Grade

Figure 6-3; Alternative 1A at Grade - Typical Roadway Section

Figure 6-4: Alternative 1B - Below Grade Stormwater Management Plan

Figure 8-5: Profile of Highway 401 Extension Alt 1B to Plaza B - Below Grade
Figure 6-6. Alternative 1B Below Grade - Typical Roadway Section

Figure 6-7: Alternative 2A - at Grade Stormwater Management Pian

Figure 6-8: Profile of Highway 401 Extension Alt 2A to Plaza B - at Grade

Figure 6-9. Altemative 2A at Grade - Typical Roadway Section

Figure 6-10: Altemative 2B - Below Grade Stormwater Management Plan

Figure 6-11: Profile of Highway 401 Access Road Alt 2B to Plaza B - Below Grade
Figure 6-12: Alternative 2B Below Creek - Typical Roadway Section

Figure 6-13: Alternative 2B Revised Profiles Stormwater Management Plan

Figure 6-14; Revised Profile of Highway 401 Extension Alt 2B to Plaza B - Below Creek
Figure 6-15: Alternative 2B Revised Profile Below Creek - Typical Roadway Section
Figure 6-16: Alternative 3 - Tunnel Stormwater Management Plan

Figure 6-17: Profile of Highway 401 Extensicn Alt 3 to Plaza B - Tunnel

Figure 6-18: Alternative 3 Tunnel - Typical Roadway Section

Figure 7-1. Plaza Options — Location Plan

Figure 7-2; Plaza Option “A" — Stormwater Management Plan

Figure 7-3; Plaza Option “A" — Qutlet Drainage System Altemnatives

Figure 7-4: Plaza Option “B" — Stormwater Management Plan

Figure 7-5: Plaza Option "B1" — Stormwater Management Plan

Figure 7-6: Plaza Option “C" - Stormwater Management Plan

Detroit River International Crossing Study

Page iii



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report

Revised December 2007 Stormwater Management Plan
List of Tables

Table 4.1: Drainage CrIBIIAL.......co e et st e et b et sa st st be et 6
Table 5.1: Summary of Stream Crossing AEMAIVES ..o et s 8
Table 6.1: Summary of Receiving Watercourse Fish Habitat .......cc..cooovoieioiieiiecec e 16
Table 6.2: Alternative 1A — Stormwater Management PIan ... st 18
Table 6.3: Alternative 1A — Summary of PUMDING REQUIFEIMENTS .....eiiviieiieeretese e eeeeeen s ereeesasasrerer et ereeneennennens 19
Table 6.4; Altemnative 1B — Stormwater Management PIAN ...........co.. oot snens s 20
Table 6.5: Alternative 1B — Summary of Pumping REQUINEMENES...........ccveeieciiiieiveis oo svesneeenees 20
Table 6.6 Alternative 2A — Stormwater Management PIAN ... eeeerees et arananns 21
Table 6.7. Alternative 2A — Summary of PUumping ReqUIrEMENTS ...t 22
Table 6.8: Alternative 2B — Summary of Stormwater Management Plan...........cooveoiiiiiscviecee e 23
Table 6.9: Alternative 2B — Summary of Pumping REQUIFEMENL ...t 23
Table 6.10: Altemative 2B Revised Profile - Summary of Stormwater Management Plan..........cvveeeieiicecnenenne, 24
Table 6.11: Alternative 2B Revised — Pumping REQUIFEMENES ....c.....vvvriiicionrieetece et 24
Table 6.12: Altemative 3 — Stormwater Management PIan ...t 26
Table 6.13. Alternative 3 - Summary of PUMPING REQUIFEIMENIS ........ovvovevviiiiiereeesesveveees e emeeesss e seenenene e 26
Table 6.14: Summary of Stormwater Management PIaN............ccco oo ss s 26

Detroit River International Crossing Study Page iv



DRAFT July 2007
Revised December 2007

Practical Alternatives Evaluation Assessment Report
Stormwater Management Plan

Appendices

Appendix A: Hydraulic Analysis Post Development Condition
Appendix A.1:  Alternative 1A
« Titcombe Drain Crossing
«  Basin Drain Crossing
« Lennon Drain Crossing
« Cahill Drain Crossing
«  Cahill / Wolfe Drainage Along Talbot Road
Appendix A.2:  Alternative 1B
Appendix A.2.1:  Titcombe Drain Crossing
Appendix A.2.2:  Basin Drain Crossing
Appendix A.2.3:  Cahill / Wolfe Drainage Along Talbot Road
Appendix A.2.4: Syphon Analysis
Appendix A.2.4.1.  Turkey Creek
Appendix A.2.4.2: Lennon Drain
Appendix A.2.4.3; Cahill Drain
Appendix A.3:  Alternative 2A
»  Cahill Drain Crossing
« Lennon Drain Crossing
+  Basin Drain Crossing
«  Titcombe Drain Crossing
Appendix A4:  Alternative 2B
Appendix A.4.1: Titcombe Drain Crossing
Appendix A.4.2: Basin Drain Crossing
Appendix A5,  Alternative 2B - Revised
Appendix A.5.1: Titcombe Drain Crossing
Appendix A.5.2:  Basin Drain Crossing
Appendix A.5.3: Turkey Creek Hydraulic Analysis
Appendix A5.3.1:  Existing Condition
Appendix a.5.3.2: Proposed Cendition
Appendix A8:  Altemative 3

Detroit River Infernational Crossing Study

Page v



DRAFT July 2007 Practical Alternatives Evaluation Assessment Repart
Revised December 2007 Stormwater Management Plan

Appendix B:  Hydrologic Analysis Pre & Post Development Conditions
Appendix B.1:  Pre-Development Condition
Appendix B.2:  Post Development Condition

Appendix C:  Stormwater Management Computations
Appendix C.1:  Alternative 1A
Appendix C.2:  Alternative 1B
Appendix C.3:  Alternative 2A
Appendix C.4;  Alternative 2B
Appendix C.5:  Alternative 2B - Revised
Appendix C.6:  Alternative 3 - Tunnel

Detroit River International Crossing Study Page vi



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

1. Introduction

The Canada-U.S.-Ontario-Michigan Border Transportation Partnership {The Partnership)
composed of Transport Canada (TC), the Ontario Ministry of Transportation (MTO), United
States Federal Highway Administration (FHWA) and the Michigan Department of
Transportation {(MDOT}) is undertaking an Environmental Assessment Study for the proposed
Detroit River Intemational Crossing (DRIC).

The Detroit River International Crossing {DRIC) study is a bi-national planning study that will
lead to the identification of a single technically and environmentally preferred altemative for
access roads, plazas and a new river crossing. The study is being conducted in accordance
with the requirements of the Ontario Environmental Assessment Act (OEAA) and the
Canadian Environmental Assessment Act (CEAA) in Canada and the U.S. National
Environmental Policy Act (NEPA) in the United States.

The Ontario Ministry of Transportation {MTO) is leading the Canadian work program in
coordination with Transport Canada (TC). The Michigan Department of Transportation
{MDOT), in coordination with the United States Federal Highway Administration (FHWA) is
leading the U.S. work program.

The Parinership retained URS Canada inc. to assist the government in undertaking the
Canadian side Environmental Assessment Study for the expanded Detroit River Internationa
Crossing. As part of the Environmental Assessment Study, a stormwater management
analysis has been completed for the access road and plaza alternatives to address the
highway drainage and potential impact of the proposed Highway 401 to the nearby
watercourses and drainage crossings. This report identifies the stormwater management plan
prepared for the various roadway alternatives extending from Ojibway Parkway to North
Talbot Road and Canadian plaza altematives. The study limit is shown on Figure 1-1. A
stormwater management analysis for the International bridge crossing will be completed
separately.

Detroit River Infernational Crossing Study Page ]
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2. Background Review

Several studies have been previously conducted within the study area. These were reviewed
to obtain information on the existing drainage condition and stormwater management
practices within the study area. Relevant information obtained from these studies was used as
input data to assist in the identification and analyses of stormwater management alternatives
for the proposed Highway 401.

The following reports were reviewed as part of the preparatory investigations. The pertinent
information extracted from each document is also identified.

Functional Design Report

Lennon Drain - Talbot Road to Avon Drive
Prepared by La Fontaine, Cowie, Buratto & Associates Limited, March 1893
= Based on this report, Lennon Drain catchment area is approximately 1,200 acres
{485 ha) that extends easterly from Talbot Road. it is bounded to the north by Cabana

Road, to the east by Concession Line, to the south by Highway 401 and by Cousineau
Road to the west.

= Lennon Drain within the study area is a trapezoidal channel with a 10 ft. wide low flow
channel and was designed fo provide online storage. The online storage has a total
capacity of 23,500 m? for the 100-year storm. The existing 100-year storm flow is
conveyed within the improved channel.

= With the online storage the 100-year flow was restricted to 229.6 cubic feet per second
(6.5 mifs).

Stormwater Management Alternatives
for the Turkey Creek Watershed within the City of Windsor

Prepared by Maclaren Engineers — Lavalin, June 1989

«  This report proposed two basic stormwater management strategies for the Turkey Creek
watershed, namely: stormwater detention facilities to control future runoff from new
development to present levels and channel improvements to contain the existing 100-
year flood.

= On-site defention was recommended for new industrial and commercial developments.

= The study identified peak flows at major intersections as follows:

Detroit River Internationat Crossing Study Page 3
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. Drainage Area 100-year Peak Flows (m’/s)
Location
{ha) Present Future

Grand Marias Drain at Huron-

Church Line 2837 39.5 62.6
Qutlet of Basin Drain 173 47 8.1
lignnon Drain at Huron Church 353 8.3 14

ine
Ei?\gm Drain at Huran Church 676 191 976

»  The study also identified the requirement for further studies to recalculate flood levels
along the major watercourses based on the significantly revised flood flows determined
during the study.

Master Drainage Plan

Township of Sandwich South
N.K. Becker and Associates Ltd., Cctober 1986

«  The plan identified present and future storm drainage problems and improvements to the
drainage system to maintain storm runoff at pre-development levels. The plan also
includes stormwater management policies for new developments.

» Included in the study area is a tributary of Wolfe Drain located east of Highway 401 and
north of Highway 3 (Talbot Road). This tributary outlets to Cahill Drain and ultimately to
Turkey Creek.

- Wolfe Drainage catchment is approximately 200 hectares, identified in the report as Sub-
catchment 201. The 100-year peak flow was computed to be 8.1 m'/s.

»  The master plan recommended improvement to Wolfe Drain with on-site runoff controls.
Ali new development is required to implement on-site stormwater management controls,

Based on the review of the previously published studies as summarized above, it is concluded
that the peak flows as identified in the 1989 Mclarenn report would still be appropriate for use
in the conceptual design of a stormwater management plan for the various altemative
roadways. It is noted that the watershed studies would have fo be updated at the preliminary
design stage of the preferred roadway alternative.

Detroit River International Crossing Study Page 4
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3. Existing Storm Drainage Condition

Within the study area there are eight {8} recipient drainage systems that would receive runoff
from the proposed Highway 401. They are identified as Titcombe Drain, Basin Drain,
Marentette Mangin Drain, Turkey Creek, Lennon Drain, Cahill Drain West Tributary Drain and
Wolfe Drain. The location of the streams relative to Highway 401 are shown on Figure 3-1.
All of the drainage systems are part of the Turkey Creek which outlets to the Detroit River.
Turkey Creek the Czhill Drain and the Wolfe Drains have been significantly altered as a result
of urbanization. Al of the existing drainage systems have been impacted upon by
urbanization. Along Turkey Creek, as an example, sections of the channel have been
concrete lined. A number of hydrologic and hydraulic investigations have been completed on
the existing drainage systems however updates are required in order to refine the peak flows
associated with each. The updated models would include the flow attenuation benefits
associated with stormwater management plans that have been implemented in support of
development. For the Practical Altemative phase of the DRIC study the previously computed
and approved flows have been considered appropriate for use. New hydrologic analyses
would be required at all stream crossings to confirm the sizing of required conveyance
facilities.  Fluvial geomorphologic investigations would also be required to confirm the
sensitivity of the drainage systems to erosion and to establish target erosion flow rates for the
use in design of future stormwater management plans.

Detroi River International Crossing Study Page s
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4.
4.1,

4.2.

Stormwater Design Criteria

Storm Drainage

The proposed Highway 401will be classified as a freeway with a design speed of 120 km/hr.
Culverts over 6.0 m span, according to MTO Directive B-100, for the proposed Highway 401
are to be designed based on a 100-year design flow (refer to Table 4.1)

TaBLE 4.1: DRAINAGE CRITERIA

Bridges and Culverts

Read Total span Freeboard Total span Freeboard
Classification upto6.0m Requirement over6.0m Requirement
Freeway B0-year No overtopping | 100-year No overtopping
Urban Arterial 50-year 1m freeboard 100-year 1m freeboard

from crown from soffit
Rural Arterial 1m freeboard 1m freeboard
Collector Road 25-year from ¢rown 50 year from soffit
Local Road 10-year 1m freeboard 25 year 1m freeboard

from crown from soffit

* Source: MTC Design Flocd Crileria, Ministry Directive B-100, issued 80-10-168

The minor system assoctated with the new roadway would be designed to capiure and
convey the 10-year storm. Where the roadway is below grade, the new sewer system would
be designed to capture the 100-year event. In areas where the major system cannot be
maintained to a reasonable outlet, the minor system should convey the 100-year storm
without flooding to the traveled four inside lanes.

For areas with a drainage area greater than 125 ha, structures are to be sized to convey the
Regional Storm with no significant increase in the flood level from that of the existing
condition. Based on discussions with the Essex Region Conservation Authority, the Regional
Storm for the study area is equivalent o the 100-year event.

Stormwater Management

The MNR and the MOE have both published specific criteria regarding water quality and flood
flow controt. For this project, Level 1 protection would be provided for water quality.

Runoff to Turkey Creek and other adjacent watercourses would be controlled to the pre-
development leveis for all siorm events up to and including the 100-year retum period.

Detroit River Inlernational Crossing Study Page 6
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5. Stream Crossing Impact Assessment

A total of six (6) alternative roadway alignments and profiles for Highway 401 have been
established for consideration. They are identified as Alternatives 1A, 1B, 2A, 2B, 2B-Revised
and 3. The details of each are described in the following section of this report. From a
surface water resource perspective each alternative has a varying degree of impact on the
existing flow conveyance features (i.e. watercourses, drains efc.). Where impacts are
considered to be significant, those impacts must be mitigated by the implementation of
appropriate flow conveyance improvement measures.

The proposed Highway 401 Alternatives consider three options for the roadway profile. They
include the following:

= At Grade - the proposed road profile follows that of the existing ground. New stream
crossings would be sized based on MTQ Directive B100.

= Below Grade - the proposed road profile is below the existing ground. This would
potentially result in the new roadways potentially obstructing the flow associated with the
natural drainage systems that they cross.

«  Tunnel - the proposed road profile is below the invert of the existing stream systems.
With this option the new roadway would have minimal impact on the existing drainage
systems.

The following describes the impact assessments completed for each of the six roadway

alternatives considered and details of the recommended mitigation plan. Table 5.1 provides a
summary of the proposed drainage improvements.

Detroit River International Crossing Study Page 7
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TABLE 5.1: SUMMARY OF STREAM CROSSING ALTERNATIVES
Roadway Alternative
1A 1B 24 2B 2B Revised 3
Location e
At Grade Below Grade At Grade Below Grade Modified Tunnel
Below Grade
Replace Existing Roadways Alignment Offset from Existing Roadways

Titcombe Drain

Storm Sewer

Storm Sewer

Storm Sewer

Storm Sewer

Storm Sewer

Storm Sewer or

or1200mm@ | or1200mm@ | or 1200 mm@ | or 1200 mm@ § or 1200 mm@ | 1200 mm@
Culvert Culvert Culvert Culvert Culvert Culvert
Basin Drain 21mx15m 21mx15m 21mx15hm | 21mx15m {21mx15m 21mx15m
Box Culvert Box Culvert Box Cuivert Box Culvert Box Culvert Box Culvert
Marentetie Storm Sewer Storm Sewer Storm Sewer Storm Sewer Storm Sewer There will be no
Mangin Drain long-term impacts
Turkey Creek Bridge Syphon 25 m x | New Bridge Syphon 25m x | New 3 Cell 10 | There will be no
Extension 2 m Boxor 2mBox or mx2mBoxor | long-term impacts
Tunnel Tunnel Equivalent
Roadway Roadway
tennon Drain Extension of 3mx15m Extension of Imx15m 3mx1.5m There will be no
Existing26m | Syphon Existng 26 m | Syphon Syphen long-term impacts
x 1.2 m culvert x 1.2 m culvert
Cahiil West 1200mm@or | 1200mm@or | 1200mm@or | 1200 mm@or | 1200 mm@ or | There will be no
Tributary Diversion to Diversion to Diversion to Diversion to Diversion to long-term impacts
Cahill Drain Cahill Drain Cahill Drain Cahill Drain Cahill Drain
Cahill Drain Replacement | 45mx15m | Newd4.5mx 45mx1.5m | 45mx1.5m | There will be no
Crossing of Existing Syphon or 1.5 m Box Syphan or Syphaon or long-term impacts
Culvertwitha | Tunnet Culvert Tunnel Tunnel
4.5mx 1.5m
Box Cuivert
Cahill Re-aligned Re-zligned Retain Existing | Retain Existing | Retain Existing | There will be no
Drain/Waolfe Open Drainor | Open Drainor | Channel Channel Channel long-term impacts
Drainage 45mx15m [45mx15m
Closed System | Closed System

5.1.

The following provides a summary of the options considered to mitigate potential impacts of
the new roadway on the existing drainage system.

Alternative 1A - At Grade

With this altemative both the extension of flow conveyance facifities and the construction of
new facilities would be required. All replacement / new structures would be designed in
accordance with MTO Directive B-100. The following provides a description of the proposed
modifications at each of the major watercourse crossings. A plan, profile and typical section

of the new roadway are provided in Figures 6-1, 6-2 and 6-3 respectively,

Detroit River International Crossing Study
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) Titcombe Drain

Runoff from the catchment area associated with Titcombe Drain would be picked up by the
storm sewer system being constructed fo accommodate runoff from the new Highway 401.
This would allow for the potential quality treatment of ali runoff from the Titcombe Drain
upstream of the new roadway. If it is found that when more detailed topographic information
is available that the grades do not permit the capture of flow within the new storm sewer, then
a 1200 mm@ culvert would be provided for in the design of the new roadway to safely convey
flow.

i)  Basin Drain

Anew 2.1 mx 1.5 m concrete hox culvert would be constructed to convey the 100-year flow
from the Basin Drain catchment area. Given the close proximity of the new culvert with the
existing structure under E.C. Row Expressway, consideration could be given to connecting
both facilities. If the system is to remain open between the two culverts than realignment of
Basin Drain should be considered to improve the hydraulic efficiency of the system at both the
inlet and outlet Results of the hydraulic analysis are provided in Appendix A.1

i)  Marentette Mangin Drain

With Alternative 1A the proposed Highway 401 would be below in the area of the drain. As a
result of this all flows upstream of the new roadway would have to be collected by the new
storm sewer system and pumped downstream. Based on the available information there is
very little catchment area associated with the drain upstream of the proposed Highway 401
which will have to be captured. By intercepting the upstream runoff there is the possibility of
providing quality treatment for all of the flow as part of the Highway 401 stormwater
management plan.

iv)  Turkey Creek

Alternative 1A would utilize the existing Turkey Creek bridge structure. An extension of the
existing structure would be required in order to accommodate the additional proposed lanes.

v)  Lennon Drain

At the Lennon Drain crossing the proposed roadway would follow the alignment and profile of
the existing structure. The existing 2.6 m x 1.2 m box culvert would have to be extended to
accommodate the extra lanes. As previously noted, an update of the watershed model is
required in order to confirm the design flows and the need for replacement. As a minimum,
extension of the existing culvert would be required to accommodate the additional fanes. The
hydraulic analysis associated with the new culvert design is included in Appendix A.1

vi)  Cahill Drain West Tributary

The proposed road profile at the crossing is approximately 2 m above that of the existing
roadway. Replacement of the existing culvert with a 1200 mm@ concrete pipe is proposed fo
provide an improved levet of flow hazard protection. An alternative approach is to redirect the
West Tributary in an easterly direction approximately 150 m to outlet to the Cahill Drain main
channel. Both options are considered to be viable. The hydraulic analysis associated with
the new culvert design is included in Appendix A.1.

Detroit River International Crossing Study Page 9
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vii)  Cahill Drain

The proposed roadway at the existing Cahill Drain crossing will be below by approximately 6
m. As a result of this, the new roadway would impede surface runoff. The developed
proposal is to relocate the crossing in a westerly direction by approximately 170 m. This
would allow Cahill Drain to continue to flow by gravity past the new roadway. The new box
culvert would have an opening size of approximately of 4.5 m x 1.5 m. If the Cahill Drain
West Tributary is diverted to the new crossing the opening size would have to increased in
order to handle the additional flow. As previously noted, the subject watershed model must
be updated to confirm peak outflows and required culvert sizes. The hydraulic analysis
associated with the proposed culvert altemative is included in Appendix A.1.

vii)  Cahill / Wolfe Drain

With Alternative 1A Cahill / Wolfe Drain would be realigned in a northerly direction and run
parallel o the new service road. The existing cross sectional area of the channel would be
maintained in order to provide the required 100-year flow conveyance. |t is noted that the
new alignment of the Drain must also be adjusted to accommodate any stormwater
management requirements (ponds).

An alternative to having an open drain is to provide a closed conveyance system located
under the northbound service Road. To accommodate the 100-year flow a 4.5 m x 1.5 m box
culvert is required. Providing a closed drainage system would have the least impact on the
adjacent lands as it would continue to accommodate direct access o the residential lands to
the north from the Northbound service road. With the open channel option each private
driveway would require a culvert to cross the drain. A typical cross section of each option is
given in Figure 6-3. Results of the detailed hydraulic analysis for the proposed enclosed
conveyance system are provided in Appendix A.1.

5.2. Alternative 1B — Below Grade

Alternative 1B has a similar alignment to that of Option 1A, however the roadway is below
grade for much of its length. This below roadway results in a number of the watercourse
crossings potentially being obstructed. This would necessitate the introduction of syphons to
convey flow below the new roadway or alternatively the roadway tunneled under the subject
drainage systems. A plan, profile and typical roadway section of Alternative 1B are provided
in Figures 6-4, 6-5 and 6-6 respectively. The following provides a description of the proposed
improvements required at the major stream crossings.

) Titcombe Drain

Runoff from the catchment area associated with Titcombe Drain would be picked up by the
storm sewer system being constructed to accommedate runoff from the new Highway 401
right-of-way.  This would allow for the potential quality treatment of all runoff from the
Titcombe Drain catchment area. If grades do not permit the capture of flow within the new
storm sewer, then a 1200 mm@ culvert would be provided for in the design of the new
roadway. The Flow Master analysis output for the new structure is given in Appendix A.2.1.

Detroit River International Crossing Study Page 10
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i) Basin Drain

Anew 2.1 m x 1.5 m concrete box culvert would be constructed to convey the 100-year flow
from the Basin Drain catchment area. Given the close proximity of the new culvert with the
existing structure consideration could be given to connecting both facilities. If the system is to
remain open between the two culverts than realignment of Basin Drain should be considered

to improve the hydraulic efficiency of the system. The Culvert Master hydraulic analysis
output is given in Appendix A.2.2.

i)  Marentette Mangin Drain

With Alternative 1A the proposed Highway 401 would be below in the area of the drain. As a
result of this all flows upstream of the new roadway would have to be collected by the new
starm sewer system and pumped downstream. Based on the available information there is
very little catchment area associated with the drain upstream of the proposed Highway 401
which will have to be interrupted. By intercepting the upstream runoff there is the possibility of
providing quality treatment, as part of the Highway 401 stormwater management plan.

iv)  Turkey Creek

Two options were considered to convey flow past Highway 401. The first option would
include the construction of a syphon that would capture and convey the 100-year flow below
the new below roadway. Based on the use of the PCSWM model and assuming that there
would be no significant increase in the 100-year flood level upstream of the roadway a 25 m
wide by 2 m high structure would be required with its invert approximately 12 m below the
existing invert of Turkey Creek. The sloped entrance and exit to this syphon would extend
approximately 25 m upstream and downstream of the actual crossing. The inlet structure
would be specially designed to address potential ice and debris jams that would affect the
conveyance capacity of the structure. An emergency overflow structure would be included in
the design 1o ensure that the required capture capacity is maintained with no increase in flood
hazard potential upstream. With the syphon alternative the inlet would have to be maintained
on a regular basis and all debris captured at the inlet grate removed. A detailed PCSWM
support analysis output is provided in Appendix A.2.4.1.

An alternative to the construction of a syphon is a lowering of the proposed Highway 401
roadway profile at the stream crossing by an additional 4 m. This would allow the roadway to
be tunneled under Turkey Creek. Although Turkey Creek would be affected initially as a
result of the construction of the roadway there would be no long term impacts on the stream.

v)  Lennon Drain

To convey flow past the new roadway a 3 m wide by 1.5 m high syphon is proposed. A
separate flow control 2.6 m x 1.2 m concrete culvert would have to be constructed upstream
in order to maintain the flood attenuation benefits associated with the existing online pond. As
the lands immediately upstream of the roadway, west of the drain are developed special
consideration must be given to the design of the inlet structure. Consideration must also be
given fo the effects of ice and debris jams upstream of the syphon inlet structure. The
provision of floodproofing measures such as flood control berms etc. must be considered in
the development of the overall strategy to safely convey flow past the below Highway 401 and
provide appropriate flood proofing benefits to the upstream urbanized area. The detailed
PCSWM syphon analysis output is given in Appendix A.2.4.2.
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vi)  Cahill Drain West Tributary

The diversion of this tributary in an easterly direction to Cahill Drain is proposed. Detailed
topographic surveys are required to confirm the feasibility of this approach. Alternatively the
system could be syphoned below the new roadway.

vii)  Cahill Drain

Cahill Drain is the second largest drainage system that crosses the new highway. With the
below roadway two options are being considered. They include construction of a syphon to
take the channel below the roadway or lowering the roadway profile below that of the existing
drainage system. |f a syphon is fo be constructed, it will require a 4.5 m x 1.5 m opening.
Results of PCSWM syphon analysis for Cahill Drain crossing is provided in Appendix
A.2.4.3.5 Urbanization has significantly encroached onto Cahill Drain. Any changes to how
the system functions may as a result have a significant impact on the efficiency of the
upstream collection system. Of the two options considered, tunnelling under the watercourse
would have the least impact on the flow conveyance of the system. This is of particular
importance as consideration is being given to the potential enclosing of Wolfe Drain.

viii) ~ Cahill Drain / Wolfe Drain

As proposed for Alternative 1A there are two options available, realignment of the channel or
the construction of a new 4.5 m x 1.5 m closed system. The Flow Master was used to
establish the preliminary size of the new closed system. Its output is included in Appendix
A2.3. Of the two options considered, construction of an enclosed system would have the
least impact on the existing landuse.

5.3. Alternative 2A — At Grade

Alternative 2A has similar characteristics to that of Alternative 1A. The new roadway however
would run south of and parallel to the existing Highway 3, Huron Church Road and E.C. Row
Expressway, as opposed to utilizing the existing road right of ways. By offsetting the new
roadway, the existing Northbound service road would continue to be used to service the
existing development. Plan, profile and typical roadway section are provided in Figures 6-7,
6-8 and 6-9 respectively.

The primary differences between Alternative 2A and 1A are summarized as follows:

= New bridge provided at Turkey Creek crossing with similar characteristics to that of the
existing structure.

»  Existing Cahill / Wolfe Drain is left as an open channel following its existing alignment.

The hydraulic analysis output for all stream crossings and drainage associated with
Alternative 2A is given in Appendix A.3.

54, Alternative 2B — Below Grade

Alternative 2B has an alignment similar to that of Alternative 2A but with the roadway now
being below. The primary difference in stream crossing improvements hetween Altemative
2B and 2A is the potential realignment of Wolfe Drain in a northerly direction to accommodate
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5.6.

a stormwater management facility (see Section 6.0). A plan, profile and typical cross section
of the proposed roadway are provided in Figures 6-10, 6-11 and 6-12 respectively.

As discussed in Section 5.3, there are two options being considered for the crossing of Cahill
Drain, they include the construction of a syphon and tunneling. The hydraulic analysis output
for Alternative 2B is given in Appendix A.4. The syphon analysis output for Cahill Drain is
included in Appendix A.2.4.3

Alternative 2B Revised ~ Modified Below Grade

Alternative 2B Revised is a modified Alternative 2B. A plan, profite and typical roadway
section are provided in Figures 6-13, 6-14 and 6-15 respectively. As opposed to a syphon or
tunnel being constructed at the Turkey Creek crassing, this alternative recommends raising
the road profile above the channel. A new three cell 10 m x 2.0 m box culvert or equivalent
would be constructed to maintain the existing 100-year flood hazard condition. With this
alternative, the new roadway would have minimal impact on either the form or function of
Turkey Creek.

The hydraulic analysis output for Tittcombe and Basin Drain crossings is given in Appendix
A5.1 and A5.2 respectively. The PCSWM syphon analysis output for Lennon Drain and
Cahill crossing are provided in Appendix A.2.4.2 and Appendix A.2.4.3 respectively. The
detailed HEC-RAS analysis output for Turkey Creek for the pre and post development
conditions are provided in Appendices A.5.3.1 and A.5.3.2 respectively.

Alternative 3 - Tunnel

Alternative 3 has the least impact on the existing drainage systems as the new roadway
would be constructed below the existing natural drainage features. Any impacts would be
short term, refated to the construction technique. A plan, profile and typical roadway section
are provided in Figures 6-16, 8-17 and 6-18 respectively.

A complete summary of the stream crossing options for each of the Roadway Altemative is
givenin Table 5.1,
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6.1,

Stormwater Management Plan

Screening of Alternatives

A list of stornwater management practices (SWMP's) was screened, along with the “do
nothing” alternative, with consideration of the general advantages and disadvantages,
experience, and practical feasibility for the site-specific conditions, such as:

» Integration with the standard type of drainage (storm sewers and outside ditches);
«  Space available (within the proposed right-of-way), and practical outlet points;
»  Impact to existing landuse.

Although the “do nothing” alternative was initially considered, it was determined that this is not
an acceptable course of action. The proposed increase in pavement area and the associated
potential increase in pollutant loading to the receiving watercourses would result in negative
effects such as reduced stream water quality, degraded aguatic habitat, flooding, and in-
stream erosion, which necessitates provision of appropriate mitigation measures.

The list of SWMP's reviewed for appropriateness included:

1) Storage SWMP's such as wet ponds, dry ponds, constructed wetlands and
underground storage tanks;

2)  Infiltration SWMP's such as infiltration basins, infiltration trenches, sand filters and
porous pavement;

3)  Vegetative SWMP's such as buffer strips, grassed swales and filter strips;
4)  Soft SWMP's such as conservationfrestoration and source controls; and
5)  Special purpose SWMP's such as oil/grit separators and filter devices.

Based on an initial screening of SWMP's, it was concluded that;

»  Storage SWMP's (e.g. ponds) can be effective in providing combined quality/quantity
control where drainage areas are sufficient and space is available.

= SWMP's based on infiltration can be effective in treating stormwater runoff, but their
effectiveness is limited with respect to flooding and erosion control. Disadvantages
include the high level of maintenance required and the potential for clogging. It should
also be noted that the relatively high salt concentration associated with a highway would
be infiltrated directiy into the groundwater, which is not considered acceptable.

= Vegetative SWMP's such as grassed swales provide water quality treatment primarily by
filtering out fine sediments and promoting infiltration, but can also be used to provide
secondary erosion control. Filtering of highway runoff can also be accomplished with
vegetative buffers and filter strips. Grassed swales are primarily designed fo provide
water quality control by limiting flow velacities and increasing the wetted perimeter, while
enhanced grass swales have permanent rock check dams to detain water during small
events and/or flat boftoms to increase storage and contact. Vegetative SWMP's can be
readily applied to highway situations, and are relatively inexpensive and particularly
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effective for small catchment areas. Given the limited availability of land this option was
not considered appropriate.

= The implementation of soft SWMP's such as conservation/restoration and source control
of pollutants such as de-icing salt are beyond the scope of this study and are addressed
through MTO's policies and guidelines for roadway maintenance.

= Qilfgrit separators are used to trap and retain oil andfor sediment in detention chambers,
usually located below ground. They are often used as spill controls, pre-treatment
devices or end of pipe controls as part of a multi-component approach for water quality
control. They are usually used for small sites.

Based on the results of the screening process and the site conditions, the solutions retained
for further analysis were storage SWMP's and oil/grit separators. The storage SWMP's will
provide quality treatment, ercsion control and quantity control for the upstream catchment
area. Storage SWMP's will be utilized to match existing peak flow conditions to the receiving
watercourses in an effort to emulate existing conditions within the watersheds.  Qilfgrit
separators will provide quality treatment to the upstream catchment areas, and will be utilized
only for small catchment areas such as highway ramps.

For future studies, it is recommended that continued research and analysis be conducted
toward utilizing a treatment train approach for providing quality treatment. This would consist
of using multiple SWMP's in series, such as vegetated SWMP's in addition to oil/grit
separators or storage SWMP's.

Fish Habitat

As part of the overall Detroit River International Crossing Study, a report entitled "Practical
Alternatives Evaluation Working Paper, Natural Heritage" dated July 2007, was conducted to
determine potential impacts the proposed development will have on the area. The report
includes potential impacts on vegetation, wildlife, and fish habitat, as well as fishery habitat
classification. Information on fish habitat for the receiving watercourses is integrated with the
design of stormwater management facilities, as adequate stormwater quality treatment from
ihe proposed development will be required for watercourses with sensitive fishery habitat.

From this report, all watercourses within the Study Area are classified as warmwater fishery
habitat, either supporting sportfish communities or baitfish communities. The only exception
is the Detroit River, which supporis coldwater fishery habitat, in addition to warmwater fish
habitat. Table 6.1 provides a summary of the Natural Heritage Study findings with regards to
fish habitat classification of the receiving watercourses.
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Detroit River Internaticnal Crossing Study

TaBLE6.1: SUMMARY OF RECEIVING WATERCOURSE FISH HABITAT

Receiving Watercourse * Fishery Habitat Fishery Classification
Detroit River Coldwater/Warmwater Important Fish Habitat
McKee Drain Warmwater Important Fish Habitat

Titcombe Drain Warmwater Important Fish Habitat
Basin Drain Warmwater Marginal Fish Habitat
Marentette Mangin Drain No Fish Habitat No Fish Habitat
Turkey Creek Warmwater Marginal Fish Habitat
Lennon Drain Warmwater Important Fish Habitat
Cahill Drain Warmwater Important Fish Habita$
Waolfe Drain Warmwater Marginal Fish Habitat

* Refer to Figure 3-1 for location

Proposed Stormwater Management Plans ~ Roadway
Design

The proposed stonmwater management strategy developed for Alternative 14, 1B, 2A, 2B, 2B
Revised and 3 consists of utilizing oil/grit separators and stormwater management facilities to
provide quality and quantity control. Pian, profiles and typical roadway sections for each
Alternative are included in Figures 6-1 to 6-8 inclusive.

It is noted that because of the terrain and the consideration of using below roadways,
pumping stations will be required in order to maintain drainage to the existing natural features.
The developed stormwater management plan is based on the premise that the existing flow
characteristics and water balance will be maintained.

Based on the established road profiles for each roadway alternative, catchment areas were
identified and peak flows determined using the Rational Method. The existing condition was
modeled as completely undeveloped with an assumed runoif coefficient of 0.30. The
propased condition was considered to be completely impervious, therefore a runoff coefficient
of 0.90 was assumed. Preliminary storm sewer profites were established in order to confirm
the potential need for pumping stations. The conceptual storm sewer profiles are shown on
the previously referenced drawings. Once the preferred roadway alternative has been
established, then a detailed hydrologic and hydraulic analyses will be completed to confirm
catchment areas, sewer design details, pond area requirements efc. Where possible the
number of proposed stormwater management facilities and pumping stations and land area
requirements will be minimized.

In order to achieve the quality treatment required for the receiving watercourses, Enhanced
Protection Level quality treatment will be provided. Stormwater management wet ponds
located upstream of the receiving watercourses will provide the highest quality treatment fo
overland runoff, while providing quantity control to prevent downstream erosion and flooding.
Wetponds have been designed following the MOE Stormwater Management Planning and
Design Manual (2003} to provide quality protection level as well as quantity control for up to
the 100-year design storm. The permanent pool requirements for the wefponds were sized
based on the Enhanced Protection Level criteria, providing 80% long-term suspended solids
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removal, as provided in Table 3.2 of the MOE Stormwater Management Planning and Design
Manual (2003), for 85% Imperviousness. In the case of the Proposed Highway 401, the
required permanent pool storage volume would be 210 m¥ha (250 m¥ha for 85%
Imperviousness minus 40m%ha for extended detention). For determining the permanent pool
storage requirements, the upstream drainage area considered for each pond consisted of the
proposed Highway Extension ROW only,

Extended detention for the wet ponds was determined based on the greater of the extended
detention requirements as set by the MOE Stormwater Management Planning and Design
Manual (2003), or the 25 mm erosion storm released over 24 hours. The 25 mm erosion
storm storage requirements were calculated using the runoff from the 25 mm storm over the
proposed Highway Extension ROW area. The release rate for the erosion storm storage
volume was based on an average release over 24 hours. In all cases, requirements for the
25 mm erosion storm were greater than the MOE extended detention requirements. In
addition, providing a steady release of the erosion storm over an extended period of time will
provide a net-benefit to the baseflow of the receiving watercourses. This will be particularly
beneficial to watercourses that have fishery habitat, but experience intermittent baseflow.

Quantity requirements for the stormwater management wet ponds were determined to able to
provide storage for the 2-year through 100-year storms. Release rates for the wet ponds
within the site were based on matching the existing conditions peak flows from the proposed
Highway Extension ROW area. Specific details of the pond designs will be provided in the
Prefiminary design.

The following provides a description of the stormwater management plan prepared for each of
the Highway 401 alternatives.

Alternative 1A — At Grade

The proposed Highway 401 — Alternative 1A Preliminary Stormwater Management Plan is
identified in Figure 6-1. A typical roadway and sewer profile is given in Figure 6-2. The total
drainage area for this alternative is in the order of 41 ha, Runoff from the proposed
development will drain to Cahill drain, Lennon Drain, Marintette Mangin Drain, Basin Drain
and Titcombe Drain, all tributaries of the Turkey Creek Watershed.

The proposed approach to providing quality and quantity control for Alternative 1A is to
construct a Stormwater Management Facility downstream of each of the drainage
catchments. The SWM facilities will provide Enhanced Level quality treatment as well as
quantity control from the 25mm erosion storm up to the 100-year storm to pre-development
conditions.

In addition to these facilities, the feasibility of utilizing onsite controls such as enhanced
swales and oil grit separators were also investigated. The suitability of using enhanced
swales as a conveyance control will be examined in more detail when a Highway option is
chosen. The oilfgrit separator for Drainage Area 107 was considered as an alternate
approach along with underground storage.

As discussed in Section 5.1, two possible options are being considered for the handling of
runoff along Cahill and Wolfe Drains, Under Option 1, Cahill and Wolfe Drains would be
realigned north of the new 2-lane service road. From Drainage Area 107 (refer to Figure 6-1
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will have to be directed first to SWM Pond 1A-P8 freated and then released to Wolfe Drain.
Under Option 2, replacement of the existing trapezoidal channel by a 45 m x 150 m
reinforced concrete box culvert under the proposed northbound service road, there is no
opportunity to construct a Stormwater Management Facility in the existing residential area.
An alternative to the pond would be to construct an underground storage facility below the
northbound service road and discharge to Wolfe Drain. This structure would be designed to
control all outflows up to the 100-year event to the pre-development condition. Oil/grit
separators would also be required for quality contral. With this option Wolfe Drain would not
have to be realigned. The new underground storage facility would be constructed
immediately south of the enclosed Wolfe Drain and would outlet to Wolfe Drain.
Table 6.2 provides a summary of the preliminary stormwater management plan prepared for
Alternative 1A. Figure 8-1 identifies the Stormwater Management Plan showing the possible
location of stormwater management facilities. The existing and proposed condition hydrologic
analysis output for Alternative 1A drainage areas are provided in Appendix B.1 and B.2
respectively. Stormwater management computations associated with pond sizing are given in
Appendix C.1
TABLE 6.2: ALTERNATIVE 1A ~ STORMWATER MANAGEMENT PLAN
Drainage | Drainage 100-year I;-}eak Flow . .Stormwater Management Fa::ility Req't i;ec_ipient
ArealD | Area (ha) (m?/s) Facility Storage Volume {m’) Pond , rainage
Existing | Proposed ID Quality Quantity : Area{m") System
100 6.36 0.37 240 1A-P1 1,590 2,400 6,100 Titcombe Drain
101 253 0.16 0.99 1A-P2 633 1,000 4,700 Basin Drain
102 5.60 0.68 212 1A-P3 | 1,400 1,400 5,700 Marentetie
Mangin Drain
103 2.60 0.16 1.02 1A-P4 650 1,000 4,300 Turkey Creek
104 2.50 0.21 1.14 1A-P5 625 800 4,200 Lennon Drain
105 2.50 .18 1.06 1A-P6 625 800 4,200 Lennon Drain
108 5.60 0.34 217 1A-P7 1,400 2,100 5,700 Cahill Brain
*107 3.10 0.18 1.16 1A-P8 775 1,200 4,500 Walfe Drain
108 3.96 0.23 1.50 1A-P9Y 990 1,500 5,000 Wolfe Drain
108 .60 0.27 1.91 1A-P9 1,850 2,900 8,100 Walfe Drain

" Allernale stormwater management measure, underground storage and oil-git separator

More specific details of the proposed stormwater management facilities will be provided at the
preliminary design stage. It is noted that lowest points of Drainage Areas 102, 104, 106, and
108 as identified on Figure 6-1 are located approximately 7m below the existing grade.
Pumping of stormwater runoff to the proposed Stormwater Management Facility is required.
Table 6.3 summarizes the pumping station locations and requirements for Altemative 1A.
Preliminary storm sewer profiles are provided in Figure 6-2.
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TABLE 6.3; ALTERNATIVE 1A — SUMMARY OF PUMPING REQUIREMENTS

Drainage ID Pumping Station 100-year Peak Flow (m¥/s) Drainage Outlet
102 13+746 2.12 SWM Pond 1A-P3
104 10+085 1.14 SWHM Pond 1A-P5
106 114733 217 SWM Pond 1A-P7
108 10+030 1.50 SWM Pond 1A-P9

* Refer to Figure 6-1 for location

Alternative 1B — Below Grade

The proposed Highway 401 — Alternative 1B Preliminary Stormwater Management Plan is
identified in Figure 6-4. The total drainage area for this alternative is in the order of 41 ha.
Runoff from the proposed development will drain to Cahill Drain, Lennon Drain, Marentette
Mangin Drain, Basin Drain and Titcombe Drain, all tributaries of the Turkey Creek Watershed.

The proposed approach to providing quality and quantity control for Altemnative 1B is to
construct a Stormwater Management Facility downstream of each of the drainage catchment
as shown on Drawing 6-4. The SWM facilities will provide Enhanced Level quality treatment
as well as quantity control from the 25mm erosion storm up to the 100-year storm to pre-
development conditions. An alternate approach was considered for Drainage Area 107,
utilizing underground storage to provide quantity control and an oil/grit separator to provide
quality treatment.

An alternate option for Drainage Areas 102 and 103 is {o direct the flow info one stormwater
management facility (SWM Pond 1BP3 and 1BP4 combined} and drain the treated and
controlled flow to Turkey Creek as shown in Figure 6-4. The feasibility of this option would be
dependent on the alternative selected for the roadway profile below Turkey Creek.

As with Alternative 1A, there will be two alternate stormwater management measures for
Drainage Area 106, depending on which of the Cahill and Wolfe Drain drainage options are
selected. Under Option 1, Cahill and Wolfe Drain would be realigned north of the new 2-lane
service road, runoff from Catchment 106 will be directed first to SWM Pond 1A-P7 and the
controlied outflow released to Wolfe Drain. Under Option 2, replacement of the existing
trapezoidal channel by a 4.5 m x 1.50 m reinforced concrete box culvert under the proposed
northbound service road, there is no opporiunity to construct a Stormwater Management
Facility in the existing residential area. Underground storage is necessary to control the 100-
year peak flows to predevelopment level and treat the outflows via oiligrit separator. Figure 6-
6 gives a typical roadway section that shows the two flow conveyance options for Wolfe Drain.

Table 6.4 provides a summary of the preliminary stormwater management plan for Alternative
1B — Below Grade with pond area requirements. Figure 6-4 identifies the Stormwater
Management Plan showing the possible location of stormwater management facilities.
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TABLE 6.4: ALTERNATIVE 1B — STORMWATER MANAGEMENT PLAN
100-year Peak Flow Stormwater Management Facility Req't ini
**Drainage | Drainage y — J ty Red Rec!plent
Area D Area {ha) {ms) Facility Storage Volume (m?) Pond Drainage
Existing [ Proposed D Quality Quantity | Area(m’) System
100 6.36 (.36 2.37 |A-P1 1,600 2,400 6,100 Titcombe Drain
101 270 0.20 1.18 1A-P2 700 900 4,400 Basin Drain
102 5.38 034 216 1AP3 | 1400 2,000 5,600 Marentette
Mangin Drain
103 4.50 0.26 1.70 1A-P4 1,200 1,700 5,200 Turkey Creek
104 2.74 0.21 1.20 1A-PS 700 900 4,400 Lenon Drain
105 7.2% 0.38 2.57 1A-P6 1,800 2,800 6,400 Cahill Drain
106 6.17 0.27 1.90 1A-P7 1,600 2,600 5,600 Wolfe Drain
107 6.56 0.27 1.90 1A-P8 1,700 2,900 6,100 Wolfe Drain
" Alternate stormwater management measure, underground storage and oilfgrit separator
*" Refer to Figure §-4 for location
Details of the proposed stormwater management facilities will be provided at the preliminary
design stage. Stormwater Management Computations for pond sizing are provided in
Appendix C.2. Rational Method calculations for existing and proposed conditions are
provided in Appendix B.1 and B.2 respectively.
it is noted that Drainage Areas 102 to 106 of the proposed Highway 401 will be located
approximately 15 m below the existing ground elevation. As a result, pumping of stormwater
runoff to the proposed Stormwater Management Facilities will be required. Preliminary
profiles of the storm sewer systems are given in Figure 6-5. Table 6.5 summarizes the
pumping station locations and requirements for Alternative 1B,
TABLE 6.5: ALTERNATIVE 1B — SUMMARY OF PUMPING REQUIREMENTS
Drainage ID Pumping Station 100-year Peak Flow {m/s) Drainage Outlet
102 134752 2.16 SWM Pond 1B-P3
103 154112 1.70 SWM Pond 18-P4
104 104650 1.20 SWM Pond 1B-P5
105 11+420 2.57 SWM Pond 1B-P8
106 13+165 1.80 SWM Pond 1B-P7
6.3.3. Alternative 2A — At Grade

The proposed stormwater management plan for Alternative 2A is shown on Figure 6-7. A
preliminary storm sewer profile required to service the area and a typical roadway section are
provided in Figures 6-8 and 6-9 respectively.

Based on the established road profile as provided in Figure 6-8, eight drainage areas have
been defined. Their limits are shown in Figure 6-7. The estimated 100-year peak flows from
each of these areas under existing and proposed conditions are summarized in Table 6.6.
The Rational Methed computations for the pre and post development conditions are given in
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Appendices B.1 and B.2 respectively.
The proposed approach to providing qualify and quantity control for Altemative 2A is to
construct a Stormwater Management Facility downstream of each of the drainage
cafchments.
TABLE 6.6: ALTERNATIVE 2A — STORMWATER MANAGEMENT PLAN
*Drainage | Drainage 100-year }:eak Flow Stormwater Management Facility Req't Rec.ipient
{m3fs) Facility Storage Volume {m”) Pond Drainage
Area D Area {ha} — 2
Existing | Proposed iD Quality Quantity | Area (m”) System
100 6.36 0.36 2.37 2A-P1 1700 3700 6700 Titcombe Drain
101 1.69 0.13 0.73 2A-P2 540 1000 4000 Basin Drain
102 519 030 196 | 24-P3 | 1400 3000 seop | Merentatte.
Mangin Drain
103 3.3 0.21 1.30 2A P4 840 1900 4600 Turkey Creek
104 493 0.34 2.07 2A-P5 1100 2800 5000 Lennon Drain
105 2561 0.19 1.11 2A-P6 450 1500 3700 Cahill Drain
106 5.30 0.29 1.92 2A-P7 1600 3100 5900 Canhill Drain
107 7.06 0.38 2.53 2A-P8 1800 4100 6200 Wolfe Drain

* Refer to Figure 6-7 for location

As shown in Table 6.6, eight wet ponds are required in order to address the stormwater
management requirements. Their locations are shown on Figure 6-7. Runoff from Drainage
Areas 100, 101, 103 and 105 will discharge directly fo the ponds via storm sewer. The
stormwater from Drainage Areas 101, 104, 108, and 107 will have to be pumped to the ponds.
Table 6.7 summarizes the pumping requirements associated with this alternative,

The estimated pond areas associated with the new facilities are summarized in Table 6.6.
The SWM facilities will provide Enhanced Level quality treatment as well as quantity control
from the 25mm erosion storm up to the 100-year storm to pre-development conditions. The
stormwater management pond computations are provided in Appendix C. The suitability of
using enhanced swales in conjunction with the stormwater management facilities will be
examined in more detail when a Highway option is chosen.
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TABLE 6.7; ALTERNATIVE 2ZA — SUMMARY OF PUMPING REQUIREMENTS

Drainage ID Pumping Station 100-year Peak Flow (m¥s}) Drainage Outlet
100 11+500 2.37 SWM Pond 2A - P1
101 12+693 0.73 SWM Pond 24 - P2
102 134727 1.96 SWM Pond 2A - P3
103 14+300 1.30 SWM Pond 2A - P4
104 10+367 2.07 SWM Pand 2A - P5
105 114150 1.11 SWM Pand 2A - P86
106 124150 1.92 SWM Pond 24 - F7
107 10+000 253 SWM Pand 2A - P8

* Refer to Figure 6-7 for location

Alternative 2B — Below Grade

The proposed stormwater management plan for Alternative 2B is shown in Figure 6-10. A
Preliminary storm sewer required to service the area and a typical roadway section are
provided in Figures 6-11 and 6-12 respectively.

Based on the established road profile as given in Figure 6-11, seven drainage areas have
been defined. Their limits are shown on Figure 6-10. The estimated 100-year peak flows
from these areas under existing and proposed conditions are summarized in Table 6.8. The
Rational Method output for the pre and post development con is included in Appendices B.1
and B.2 respectively.

As summarized in Table 6.8, seven wet ponds are being proposed to address the stormwater
management requirements of the site. The stormwater from Drainage Areas 100 and 101 will
be discharged to the proposed ponds via storm sewer directly. The stormwater from Drainage
Areas 102, 103, 104, 105, and 106 will have to be pumped to the ponds. Table 6.9
summarizes the pumping requirements associated with this alternative. Al stormwater from
the wet ponds will be drained fo the watercourse by the gravity.

The required pond areas and storage volumes to address quality and quantity requirements
are summarized in Table 6.8. The SWM facilities will provide Enhanced Level quality
treatment as well as quantity control from the 25mm erosion storm up to the 100-year stom to
pre-development conditions. The stormwater management computations associated with the
pond sizing are included in Appendix C.
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TABLE 6.8: ALTERNATIVE 2B —~ SUMMARY OF STORMWATER MANAGEMENT PLAN
*Drainage | Drainage 100-year i:’eak Flow . .Stormwater Management Fafl[!ty Req't Recjpient
(m?s) Facility Storage Volume (m”) Pond Drainage
ArealD | Area(ha) 2
Existing | Proposed ID Quality Quantity | Area (m®) System
100 6.36 0.36 2.37 28 -P1 1,700 3,700 6,700 Titcombe Drain
101 2.13 0.16 0.92 28-P2 500 1,200 4,000 Basin Drain
Pump to
102 6.54 0.37 244 2B-P3 1,700 3,800 6,100 Marentette
Mangin Drain
103 721 032 205 | 28-P4 | 2100 4300 6700 | LumploTurkey
Creek
104 234 0.18 104 | 28-P5 | 700 1,300 4,200 g‘;‘;‘fﬁ to Lennon
105 577 0.27 184 | 2B=P6 | 1500 3,400 5,800 g‘rj;‘;f to Cahil
106 932 049 332 | B-P7 | 2400 5,400 7200 gg’rﬁ’ to Wolfe
* Refer to Figure 6-1C for location
TABLE 6.9: ALTERNATIVE 2B — SUMMARY OF PUMPING REQUIREMENT
Drainage 1D Pumping Station 100-year Peak Flow (m3/s) Drainage QOutlet
100 11+450 2.37 SWM Pond 2B - P1
101 12+693 0.92 SWM Pord 2B - P2
102 14+000 244 SWM Pond 2B - P3
103 14+264 225 SWM Pond 2B - P4
104 10+500 1.04 SWM Pond 2B - P5
105 114500 1.84 SWM Pond 2B - P6
106 10+000 332 SWM Pond 2B - P7
6.3.5. Alternative 2B Revised — Modified Below Grade

Alternative 2B Revised has a similar alignment to that of Alternative 2B. The road profile
however has now been revised to include a minimum slope of 0.5% as opposed to 0.3%. At
Turkey Creek the Highway 401 proposed profile now goes overtop of the watercourse as
opposed to going underneath. With this alternative the number of potential stormwater
management facilities has also been minimized. This, however, has resulted in the storm
sewer system being lower than that required for Altemative 2B. At the final design stage,
economic and social impact assessments will have to be completed to confirm which
approach is the preferred. A plan, profile and typical road section for Alternative 2B — Revised
is given in Figures 6-13, 6-14 and 6-15 respectively.

Based on the new road profile, four drainage areas have been defined. They are identified on
Figure 6-13. For each area the 100-year peak outflow has been computed for the pre and

Detroit River International Crossing Study Page 23



DRAFT July 2007
Revised December 2007

Practical Alternatives Evaluation Assessment Report
Stormwater Management Flan

post development condition based on the use of the Rational Method. For the post
development condition the computed peak flows were based on the preliminary profile of the
storm sewer system as given in Figure 6-14. Resulis of the Rational Method analyses are
summarized in Table 6.10. The Rational method output for the pre and post development
conditions are included in Appendices B.1 and B.2 respectively.

As shown in Table 6.10, four wet ponds are being proposed to address the stormwater
management requirements. Their locations are identified on Figure 6-13. The stormwater
from Drainage Area 100 wil be discharged directly to the pond via a storm sewer. The
stormwater from Drainage Area 101, 102, and 103 will have to be pumped to the ponds.
Table 6.11 summarizes the pumping requirements. All stormwater from the wet ponds will be
drained to the adjacent watercourse by gravity. The SWM facilities will provide Enhanced
Level quality treatment as well as quantity control from the 25mm erosion storm up fo the 100-
year storm to pre-development conditions.

The required pond areas and quality and quantity storage volume requirements are
summarized in Table 6.10. The stormwater management computations associated with the
pond sizing are included in Appendix C.5.

TABLE 6.10: ALTERNATIVE 2B REVISED PROFILE ~ SUMMARY OF STORMWATER
MANAGEMENT PLAN

*Drainage
Area ID

Drainage
Area (ha)

100-year Peak Flow Stormwater Management Facility Req't Recipient
(mils) Facility Storage Volume (m”) Pond Drainage

Existing | Proposed 1D Quality Quantity | Area (m?) System

100

6.36

0.37 254 2BR-P4 2100 3700 sro0 | Dranto
Titcombe Drain

10

8.67

Pump to Basin

0.42 312 2BR-P3 2200 5100 6900 .
Drain

102

6.22

Pump to Lennon

0.32 1.55 2BR-P2 1600 3600 5900 .
Drain

103

19.43

Pump to Cahill

0.57 4.89 2BR-P1 4900 12000 10000 .
Drain

6.3.6.

* Refer to Figure 6-13 for location

TABLE 6.11: ALTERNATIVE 2B REVISED ~ PUMPING REQUIREMENTS

Drainage ID Pumping Station 100-year Peak Flow (m3fs) Drainage Outlet
100 11+470 2.54 SWM Pond 2BR - P4
101 13+000 312 SWM Pond 2BR - P3
102 15+100 1.55 SWM Pond 2BR - P2
103 114580 4.89 SWM Pond 2BR - P1

Alternative 3 — Tunnel

This altemative would involve the construction of a tunnel along a significant length
(approximately 6.75 km) of the new roadway. A plan, profile and typical section of the tunnel
alternative is given in Figures 6-16, 6-17 and 6-18 respectively.
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A preliminary stormwater management plan was prepared for this alternative and is given in
Figure 6-16. The proposed approach is to provide three wetpond facilities for the larger
catchments which includes Drainage Areas 100, 101, 108 and 109. They are identified as
facilities 3-P1, 3-P2 and 3-P3 on Figure 6-16 respectively. The quality and quantity storage
volumes fo be provided by each facility are summarized in Table 6.12. The SWM facilities will
provide Enhanced Level quality treatment as well as quantity confrol from the 25mm erosion
storm up to the 100-year storm to pre-development conditions. The stormwater management
computations associated with the pond sizing are included in Appendix C.

There are a number of smaller catchment areas within the study area, associated with the
ramps, that would drain to the new tunnel. Those areas are identified as Drainage Areas 102,
103, 104, 105, 106 and 107 on Figure 6-16. Itis anticipated that the 100-year flow from these
areas would be accommodated by the storm sewer system that will service the length of
roadway within the tunnel. A profile of the new sewers is given in Figure 6-17. Based on the
conceptual storm sewer design there would be two pumping stations required within the
tunnel, one to discharge o Cahill Drain and the second to Turkey Creek. Two oil/grit
separatars would be required to treat all flow pumped from the tunnel. The oil/grit separators
should also take into consideration the treatment of any spill conditions. The 100-year flow
from Drainage Areas 102 and 103 would drain to the pumping station located at Chainage
14+300 located within the tunnel. The 100-year flow from Drainage Areas 104, 105, 106 and
107 would drain to the pumping station lccated at Chainage 11+500.

The computed pre and post development 100-year peak flows for all catchments drainage to
the tunnel are summarized in Table 6.12. The Rational Method output is included in
Appendices B.1 and B.2 respectively.

Alternative 3 also includes the requirement for the pumping of the 100-year runoff from
Drainage Areas 101 to SWM Pond 3-P2 and Drainage Area 108 to SWM Pond 3-P3. A
complete summary of the pumping requirements associated with Alternative 3 is given in
Table 6.13.
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TABLE6.12: ALTERNATIVE 3 — STORMWATER MANAGEMENT PLAN
Drainage | Drainage 100-year I:eak Flow . jStormwater Management Fatilllty Req't Rec_ipient
ArealD | Area (ha) (mfs) Facility | Storage Volume (m°) Pond | Drainage
Existing | Proposed ID Quality | Quantity | Area(m°) System
100 6.36 037 2.40 3-Pi 1,600 2,400 6,100 Titcombe Drain
101 2.80 017 1.08 3-p2 700 1,100 4,500 Titcombe Drain
Tunnel Storm
102 0.34 0.03 0.16 Qil{Grit Sewer Outfall
Separator Station 14+300,
104 0.14 0.02 0.07 Tunnel Storm
105 0.19 0.02 0.10 QilfGrit - - Sewer Quifall
106 017 0.02 0.09 Separator - ) Station 11+500,
107 0.19 0.02 0.09 : Cahill Drain
108 2.16 0.13 0.84 3-P3 600 400 .
10,200 Wolfe Drain
109 6.56 027 1.80 3-P3 1,700 2,800

TABLE 6.13: ALTERNATIVE 3 - SUMMARY OF PUMPING REQUIREMENTS

. Pumping 100-year Peak .
Drainage ID Station Flow (m?s) Drainage Outlet

101 13+000 1.08 Pond 3 - P2

108 10+095 0.84 Pond 3-P3
Tunnel Storm 114500 0.35 Qil f grit separator to Cahill Drain
Sewer Quifall
Tunnel Storm 14+300 0.32 Qil / grit separator lo Turkey Creek
Sewer Quifall

A comparison of the stormwater management requirements associated with each of the
roadway alternatives is given in Table 6.14.

TABLE6.14: SUMMARY OF STORMWATER MANAGEMENT PLAN

Readway Alternative

No. of Stormwater
Management Facilities

Estimated No. of
Pumping Stations

1A - At Grade

10

4

1B - Below Grade

2A - At Grade

2B - Below Grade

2B Revised - Below Grade

3 - Tunnel

| &~ | o

|| B0
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71.

Plaza Options

Stormwater Management Plan

Several Plaza options have been designed to provide primary and secondary inspection and
foll collection along with associated queuing lanes, parking, and buildings. There are three
potential sites idenfified for the construction of the Plaza to service the international bridge.
Their locations are shown on Figure 7.1, Each of the Plaza options are between 33 ha to 43
ha in size, consisting mostly of asphalt pavement and building rooftops. The principle
concern for large sites with a high imperviousness and vehicular traffic is providing
stormwater treatment for frequent vehicular pollutants {oil, coolant, gasoline, etc), roadside
grit and garbage {gravel, sand, cigarette butts), infrequent pollutant spills, and controlling the
increase of overland runoff to the receiving watercourses. In addition, Enhanced Quality
treatment will be required in accordance to the MOE document “Stormwater Management
Pianning and Design Guidelines”, dated 2003, which states removal of a minimum of 80%
fotal suspended solids {TSS), as well as quantity control to the 100-year storm, where
appropriate.

Therefore, due to the overall size of the project sites and treatment required, stormwater
management for each of the Plaza Options will consist primarily of stormwater management
ponds andfor oil grit separators. Preliminary stormwater management block sizes are
identified on the prepared conceptual plans for each of the Plaza Options. The established
size, location and configuration of the blocks for each of the options will be refined at the
preliminary design stage once specific details of the site plans associated with each of the
Plaza Options have been refined. Where proposed stormwater management facilities outlet
to natural features, downstream constraints will have to be assessed, the results of which
used to confirm the operational characteristics of the stormwater management plan. Although
conceptual in detail, careful consideration has been given to establishing approaches in
design that addresses the grading constraints that are inherent with the existing natural
attributes of the subject sites. It is noted that because of the flat topography and potential
distance from the proposed facilities to a suitable outlet, significant fill maybe required in order
to service the site. Altemnatively, consideration could be given to the possibility of providing a
pumping station to control the water level within the proposed stormwater management
facilities. For each site a stormwater management plan has been prepared based on a review
of the topographical features, environmental and urban constraints and the requirements for
providing quality and quanfity control.

There may be opportunities to incorporate altemative stormwater solutions, including
permeable pavers, perforated storm sewer pipes, Green Roof systems, and infiltration basins
into the Plaza designs. Permeable Pavers provide quantity treatment through storing and
infiltrating stormwater runoff under the Plaza, however quality treatment requirements cannot
be accurately measured. In addition, a study will be required to determine the extent of
infiltration within the native soils receiving the runoff to ensure full efiectiveness. Green Roof
systems provide quality treatment in addition to a natural water balance through infiltration
and evapotranspiration of stormwater runoff on building rooftops. Many altemative
stormwater solutions will be explored further in the preliminary design stage, as increased
data on the preferred Plaza Option will be available. Once the preferred Plaza Option is
selected, the best and most current SWM practices will be utilized to provide quality
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7.1.1.

treatment, including on-site treatments and source control treatments.

Selection of the preferred Plaza Option is dependent on a number of considerations, the most
significant of which is the location of the new Detroit River crossing. The three identified
crossing sites are shown on Figure 7.1. Once the river crossing location has been
established than the preferred location of the Plaza associated with that altemative can be
confirmed and a comparative assessment of the technical and environmental merits
associated with each can be completed.

The following provides conceptual details of the preferred stormwater management plan
prepared for each of the Plaza Options considered.

Plaza Option ‘A’

The Plaza Option “A" as shown on Figure 7.2 is located in the southeast comer of the
intersection of the Ojibway Parkway and the Essex Terminal Railway. The site is rectangular
in shape, has an area of approximately 37 hectares and parallels the E.C.ROW Expressway
for a distance of approximately 1500m. The easterly limit of the site is Malden Road. At the
west limit of the site the new Plaza would intercept Matchette Road. That roadway would
have to be terminated at the E.C.ROW Expressway fo accommodate the Plaza.

Runoff from the site is accommodated by three drainage systems, the most significant one
being Titcombe Drain. That system traverses the site approximately 300m west of Plaza
Option "A’s easterly boundary. All of the subject property east of Matchette Road drains in a
southerly direction eventually out letting to Titcombe Drain. West of Matchette Road a small
area drains northerly towards the Objibway Parkway. The remaining lands drain southerly
approximately 800m following the Ojibway Parkway to a manmade drain. That drain
intercepts the overland flow and directs it in a westerly direction to the Detroit River.

With the subject site having very little topographic relief from east to west and the site being in
excess of 1500m in length, servicing the property without the requirement for significant fill will
be a challenge. The development stormwater management plan as shown on Figure 7.2
includes the construction of a linear wetpond feature that parallels the south boundary of the
site. With this type of facility the invert of the storm outfalls required to service the
development area would be the same at the west limit of the site as at the east limit. This
would significantly reduce the fill requirements of the site associated with its servicing needs.
The proposed sewer system, a conceptual layout of which is given in Figure 7.2, includes a
series of lateral trunks that would outlet to the proposed stormwater management facility at
various locations along its length. At each of the outlets a forebay would be provided to
capture the sediment being carried by the sewer flow. An access road would be provided to
each of the forebays to facilitate cleanout. Between each forebay the wetpond feature would
narrow to encourage sediment deposition within the constructed forebay but would stilt be
wide enough fo function as a flow conveyance facility. A conceptual plan of the facility is
given in Figure 7.2.Cutflow from the Plaza Option “A" can be directed either to Titcombe Drain
that traverses the subject site or alternatively a new outlet provided to the Detroit River.  With
either alternative, flow would still have to be maintained to Titcombe Drain in order to ensure
that the proposed works do not negatively impact the ecological cordition of the recipient
drainage system. If the primary outflow from the Plaza Option “A™ is to the Titcombe Drain,
the release rates would be based on matching the predevelopment condition.
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If the primary outflow is to the Detroit River than there are two potential options, they include a
new storm sewer following Broadway Street or altemnatively enhancement of an existing
drainage system that currently conveys flow form the Ojibway Parkway to the Detroit River.
The potential locations of the outlet conveyance facilities are shown on Figure 7.3. Based on
a review of the potential technical and environmental impacts associated with the cutlet
options the preferred approach is o direct flow from Plaza “A” directly to Titcombe Drain.

The proposed wetpond facility would provide both quality and quantity control. In the event of
a contaminant spill {ie. Oil, chemical, etc.) within the Plaza, a shut-off valve or alternafive
damming procedure will be required within the pond. This will be determined during the
detailed design stage, but must be considered throughout the design process.

A secondary location for a stormwater management facility is proposed immediately north of
the Plaza, as shown on Figure 7.2. This location provides adequale land area to
accommodate a stormwater management facility to provide treatment for the Plaza, and is
iocated immediately adjacent to the Titcombe Drain, providing access to an outfall location. In
addition, as the Titcombe Drain is a sensitive fish habitat, the alternate location for the
stormwater management facility will help minimize the proposed impact on the watercourse.
However, this location is not preferred due to the grading requirements atfributed with a single
facility, previously discussed. In addition to the additional fill required for the storm sewer
grading requirements, the pond location is at the upstream pertion of the Titcombe Drain,
increasing the stormwater management permanent pool elevation, therefore increasing the
inifial grades of the storm sewers.

7.1.2. Plaza Option “B” and “B1”

The Plaza Option “B" is approximately 35 ha, consisting primarily of pavement and
commercial buildings. The proposed Highway 401 enters from the east, with the roadway to
the new bridge extending to the north. Stormwater management for the Plaza Option “B"
requires quality, quantity and erosion controls for the peak flows from the Plaza, as the
increase in impervious area will increase the overall peak flows from the site, as well as the
overall pollutant loading. This would lead to erosion issues downstream of the site, as well as
impacts to the ecological condition of the Detroit River.

Stormwater management for the Plaza Option "B" can be provided in the lands directly west
of the proposed site. Currently, the lands are open space adjacent to the Detroit River, as
shown in Figure 7.4. Stormwater management options for this open space could consist of a
single wetpond or wetland to provide quality, quantity, and erosion treatment for the Plaza; or
create a wetland system to provide quality and erosion control, with peak flows from rare
evenis discharging directly to the Detroit River. Providing limited quantity controf is not
considered fo be an unreasonable approach from the technical perspective given the close
proximity of the wetpond facility to the Detroit River.

The proposed stormwater management plan as shown on Figure 7.4 includes drainage
corridors along both the north and south boundaries of the proposed wetland facility. These
carridors would convey the overland flow in excess of the 5 year storm event around the
facility. This would minimize the potential for resuspension of the deposited sediment and
ensure that the facility continues to function as designed. In the event of a contaminant spill
(ie. Qil, chemical, etc.) within the Plaza, a shut-off valve or alternative damming procedure will
be required within the pond. This will be determined during the detailed design stage, but
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7.1.3.

must be considered throughout the design process.

For the Plaza Option “B", it is our recommendation to explore using a stormwater
management facifity to provide only quality and erosion treatment, with higher peak events
discharging directly o the Detroit River using an engineered channel and outlet structure.

The Plaza Option "B1” is approximately 33 ha, consisting primarily of pavement and
commercial buildings. The proposed Highway 401 enters from the east, with the roadway to
the new bridge exiting to the north. Stormwater management for the Plaza Option “B1" will
require quality, quantity and erosion controls for the peak flows from the Plaza, as the
increase in impervious area will increase the overall peak flows from the site, as well as the
overall pollutant loading. This would lead to erosion issues downstream of the site, as well as
impacts to the ecological condition of the Detroit River.

There are fwo alternative approaches for stormwater management for the Plaza Option “B1".
Stormwater management Alternative 1 consists of creating two ponds in the green spaces
south of the proposed plaza, as shown in Figure 7.5. These green spaces ¢an be converted
to stormwater management facilities utilizing the existing drain fo connect the facilities,
discharging to the Detroit River via an outlet channel. The two pond system provides closer
outlets for the sewer system, lowering the overall grading requirements of the Plaza. The two
major ponds would be connected by a linear wetland/wetpond feature. The linear feature
would be designed such that there would always be an open portion to ensure that there is no
restriction to the conveyance of flow from one pond to the other. The two pond system would
function as one with one outlet structure that would control the release rate to the Detroit
River. In the event of a contaminant spill (ie. Qil, chemical, etc.) within the Plaza, a shut-off
valve or alternative damming procedure will be required within the pond. This will be
determined during the detailed design stage, but must be considered throughout the design
process.

Stormwater management Alternative 2 consists of a single stormwater management pond
located at the southwest comer of the site, adjacent to the tollbooths, to provide quality,
quantity, and erosion treatment to the Plaza Option “B1". This facility will have a shorter
easement to the Detroit River; as welf require less land for construction. However, as the
overall tength of the Plaza Option “B1" is approximately 1000m, the storm sewer system
collecting overland runoff will require a considerable grade difference to service the entire site
(a grade difference of approximately 6m). This would greatly increase the construction cost
due to fill requirements, as well as present geotechnical complications in order to provide
structural support for the additiona fill load.

For the Plaza Option “B1", the preferred stormwater management plan, based on engineering
considerations would be associated with Alternative 1. This alternative helps to minimize the
fill requirements of the site, needed to service the property. In addition by reducing the
amount of surcharging associated with the placement of fill on the site, the geotechnical
issues and timing for proper compaction would be greatiy reduced.

Plaza Option “ C”

The Plaza Option “C” is approximately 43 hectares in area and is bounded by Sandwich
Street to the east, the Detroit River to the west and the Windsor Salt Property to the north. Of
the various Plaza opticns considered Plaza Option “C” is one of the closest to the Detroit

Detroit River Infernational Crossing Study Page 30



DRAFT July 2007
Revised December 2007

Practical Alternatives Evaluation Assessment Report
Stormwater Management Plan

River. A conceptual plan of the Plaza and its relative location to the Detroit River is given in
Figure 7.6.

Although it is recognized that current stormwater management guidelines as adopted by the
approval agencies includes both quality and quantity control the close proximity of the subject
Plaza to a significant drainage system (Detroit River} would suggest that quantity control
would not be a component of the design. The safe conveyance of the flow to the Detroit River
for all storms up to and including the 100 year event would be the primary quantity control
objective associated with the stormwater management plan. Public safefy as it relates to
flood hazard condition would also be an issue to be addressed by the design.

As shown on Figure 7.6 the minor system flows from the subject site would be accommodated
by storm sewer systems that would outlet to a stormwater management facility located north
of Prospect Ave. Although the storm sewers would be designed to accommodate the 5-year
flow, the proposed stormwater management plan would not include provision for any
significant flow attenuation. Potential discharge locations to the Detroit River for the major
system flows would follow Prospect Ave, and are shown in Figure 7.6, Depending on the final
grades of the site and the fill requirements to provide positive overland drainage,
consideration could be given to designing the new storm sewer system to accommodate the
100-year peak flow. Uncontrolled outflows from the proposed facilities would be conveyed
directly to the Detroit River via storm sewer system (see Figure 7.6).

Quality control would be provided by the proposed wetpond facility, providing an enhanced
level of quality treatment. However, due to the grading requirements associated with a single
wetpond location, altemative outlets may be required. In an effort to decrease the overall
grading, the southem portion of the Plaza may have to outlet directly to the Detroit River, with
quality treatment provided by alternative best management practices such as oiligrit
separators.  However, it should be noted that mechanical measures to provide quality
treatment, such as oilfgrit separators, would require regular maintenance in the form of
vacuum truck clean-outs. Maintenance would cccur approximately twice each year, or based
on overall pollutant loading.

In the event of a contaminant spill {i.e. Oil, chemical, efc.) within the Plaza, a shut-off valve or
alternative damming procedure will be required upstream of all outlets to the Detroit River.
This will be determined during the detailed design stage, but must be considered throughout
the design process.
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Hydraulic Analysis
Post Development Condition
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Appendix A.1

Alternative 1A

Titcombe Drain Crossing

Basin Drain Crossing

Cahill Drain Crossing

Cahill / Wolfe Drainage Along Talbot Road

Dedtroit River international Crossing Study



Titcombe Drain

Worksheet for Circular Channel

Project Description

Weorksheet Titcome_prelimin
Flow Element Circular Channs!
Method Manning's Formu
Soive For Full Flow Diamett
input Data

Mannings Coeffici  0.013

Channel Slope 005000 m/m
Discharge 3.2000 m¥s
Results

Depth 1.27 m

Diameter 1,268.0 mm

Flow Area 1.3 m?

Watted Perimet 430 m

Top Width 000 m

Critical Depth 097 m

Percent Full 100.0 %

Critical Slope 005735 m/m

Velocity 253 mis

Velocity Head 033 m

Specific Energy 160 m

Froude Number  0.00

Maximum Discl 3.4423 ms
Discharge Full  3.2000 m¥/s

Slope Full 005000 m/m

Flow Type N/A

Notes: Discharge of 3.2 m3/s was taken from taking 50% of the 100 year flow of subcatchment 140 of turkey creek watershed.

Drainage area DS of Titcombe is approximately 274 ha, 55% of the entire subcatch #140. Drainage area therefore WS Titcombe crossing is app.

50% of the entire subtatch.

From 1989 Maclaren report:

Catch # 140

DA = 496 Ha.

100 yr existing = 6.4 m3/s
100 yr efuture = 16.7 m3/s

Title: Detroit River International Crossing Study
p\dric\19_waterresourcesthydraulics\titcombe.fr2

11/10/06 11:25:11 AM

® Haestad Methods, inc.

URS
37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666

Project Enginear: Ana lgnacio

FiowMaster v7.0 [7.0005]
FPage 1 of 1



Solve For; Headwater Elevation

Culvert Calculator Repori
Basin Drain -All Alternatives - Reg Check

Culvert Summary

Allowable HW Elevation 181.40 m Headwater Depth/Haight 1.20
Computed Headwater Elavat 80.32 m Discharge 8.1000 m/s
Inlat Control HW Elev. 180.32 m Tailwater Elevation 179.70 m
Qutlet Control HW Elev, 180.32 m Control Type Iniet Control
Grades

Upstream Invert 178.50 m Downstream Invert 178.20 m
Length 58.00 m Constructed Slope 0.005172 m/m
Hydraulic Profile

Profile CompositeS152 Depth, Downstream 105 m
Slope Type Steep Normal Depth - 1.05 m
Flow Regime NIA Critical Depth 114 m
Velocity Downstream 3.62 m's Critical Slope 0.004178 m/m
Secticn

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 213 m
Section Size 2130 x 1520 mm Rise 152 m
Number Sections 1

Outlet Control Properiies

Qutlet Control HW Elav. 180.32 m Upstream Velocity Head 057 m
Ke 0.20 Entrance Loss 011 m
Inlet Control Properiies

Inlet Contea! HW Elev. 18032 m Flow Contro! Transition

inlet Type  80° headwall w 45° bevels Area Full 3.3 m?
K 0.49500 HDS 5 Chart 10

M 0.866700 HDS § Scale 2

C 0.03140 Equation Form 2

Y 0.82000

Title: DEtroit River Intemational Crossing
o\ Ahydravlics\basin drain.cvm

11/09/06 04:42:06 PM

® Haestad Methods, Inc.

URS
37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Ana Ignacio
CulverthMaster v3.0 {3.0003)
Page 1 of1



Culvert Calculator Report
L.ennon Drain - Alt1A-100yr-Existing

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 182.00 m Headwater Depih/Height 1.40
Computed Headwater Elev: 181.91 m Discharge 8.3000 ms
Inlet Control HW Elev. 181.91 m Tailwater Elevation 180.85 m
Qutlet Control HW Elev. 181.82 m Control Type Inlet Control
Grades
Upstream Invert 180.20 m Downstream Invert 17830 m
Length 138.00 m Constructed Slope 0.006522 m/m
Hydraulic Profile
Profile CompositePressureProfileS$152 Depth, Downstream 082 m
Slope Type NiA Normat Depth 082 m
Flow Regime N/A Critical Depth 1.02 m
Velocity Downstream 3.92 mfs Critical Slope 0.003567 m/m
Section
Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 259 m
Section Size 1279 mm x 2591 mm Rise 1.22 m
Number Sections 1
Outlet Control Properties
Qutlet Control HW Elev. 181.82 m Upstream Velocity Head 0.51 m
Ke 0.20 Entrance Loss 0.10 m
Inlet Control Properties
Inlet Contral HW Elev. 18191 m Flow Control N/A
Inlet Type  90° headwall w 45° bevels Area Fuil 3.2 m?
K 0.49500 HDS 5 Chart 10
M 0.86700 HDS 5 Scale 2
c 0.03140 Equation Form 2
Y 0.82000
Title: DEtroit River International Crossing Project Enginger: Ana Ignacio
o\ Shydraulicstlennon at grade.cvm URS CuivertMaster v3.0 [3.0003}

12/07/07 12:46:26 PM © Haestad Methods, Inc. 37 Brookside Road Walerbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Comments: Unknown Flow

Solve For: Headwater Elevation

Culvert Calculator Repori
Cahill Alt 1A-Future

Culvert Summary

Allowable HW Elevation 183.50 m Headwater Depth/Height 1.97
Computed Headwater Elevat 183.26 m Discharge 27.6000 m¥s
inlet Control HW Elev. 183.26 m Tailwater Elevation 180.23 m
Qutlet Control HW Elev. 183.02 m Control Type Inlet Control
Grades

Upstream Invert 180.31 m Downstream Invert 17433 m
Length 192.00 m Constructed Slope 0.005104 m/m
Hydraulic Profile

Profile PressureProfile Depth, Downstream 150 m
Slope Type N/A Narmal Depth N/A m
Flow Regime N/A Critical Depth 1.50 m
Velocity Downstream 4.08 nm/s Critica!l Slope 0.006085 m/m
Section

Secticn Shape Box Mannings Coefficient 0.013
Secticn Material Coancrete Span 450 m
Section Size 4500 x 1500 mm Rise 1.50 m
Number Sections 1

QOutlet Control Properlies

Qutlet Contral HW Elev. 183.02 m Upstream Velccity Head 0.85 m
Ke 0.20 Entrance Loss 017 m
Inlet Cantrol Properties

Inte! Centrol HW Elev. 18326 m Flow Conirol Submerged

Inlet Type 90" headwall w 45° bevels Area Full 6.8 m?
K 0.49500 HES 5 Chart 10

] 0.66700 HOS 5 Scale 2

C 4.03140 Equation Form 2

Y 0.82000

Title: DEtroit River iIntemational Crossing
o:\..\hydraulics\cahill crossing at grade.cvm

11/13/06 03:31:43 PM

® Haestad Methods, Inc.

URS

37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Ana Ignacio
CulvertMaster v3.0 [3.0003]
frage 1 of 1



Project Description

Worksheet Rectangular Channel - Cahill Drain (4.5 »
Flow Element Rectangular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coeffici  0.013

Channe! Slope 002400 m/m
Bottom Width 450 m
Discharge 121000 m¥s
Results

Depth 094 m
Flow Area 42 m?
Wetted Perime 6.38 m
Top Width 450 m
Critical Depth 090 m
Critical Slope  .002688 m/m
Velocity 2.86 mis
Velocity Head 0.42 m
Specific Energ 136 m
Froude Numbe 0.94

Flow Type Subcritical

Title: Detroit River International Crossing Study

o:\..Acahill-wolfe drainage at talbot.fm2

11/16/06 01:47:42 PM © Haestad Methods, Inc.

URS
37 Brookside Road Waterbury, CT 06708 USA

Cahill/Wolfe Drain Along Talbot Roac
Worksheet for Rectangular Channel

+1-203-755-1666

Project Engineer: Ana lgnacio
FlowMaster v7.0 [7.0005]
Page 1 of i



Cahill/Wolfe Drain Along Talbot Roac

Worksheet for Rectangular Channel

Project Description

Worksheat Redlangular Channel - Cahill Drain (4.5 »
Fiow Element Rectangular Channel
Method Manning's Formula
Solve For Channet Depth
Input Data

Mannings Coeffici 0.013

Channel Slope 002400 m/m

Bottom Width 450 m

Discharge 12,1000 m3/s

Results

Depth 094 m

Flow Area 4.2 m?

Wetted Perime 6.38 m

Top Width 4.50 m

Critical Depth 090 m

Critical Slope  0.002689 m/r

Velacity 2.86 mis

Valocity Head 0.42 m

Specific Energ 1.36 m

Froude Numbe (.94

Flow Type Subcritical

Title: Detrait River International Crossing Study
o\ \cahill-wolfe drainage at talbot.fim2

11/16/06 01:47:589 PM

® Haeslad Methods, Inc.

URS
37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Ana lgnacio

FlowMaster v7.0 [7.0C05]
Page 1cf1



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.2

Alternative 1B

Detroit River International Crossing Study



DRAFT July 2007 Practical Alternatives Evaluaticn Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.2.1

Titcombe Drain Crossing

Detroit River International Crossing Study



Titcombe Drain
Worksheet for Circular Channel

Project Description

Worksheet Titcome_prelimin
Flow Element Circular Channel
Method Manning's Formu
Soive For Fult Flow Diamett
Input Data

Mannings Coeffici  0.013
Channel Sicpe 005000 m/m

Discharge 3.2000 mis
Results

Depth 1.27 m
Diameter 1,269.0 mm
Flow Area 1.3 m?
Wetted Perimet  4.30 m
Top Width 0.00 m
Critical Depth 0.97 m
Percent Full 100.0 %
Critical Slope 005735 m/m
Velacity 253 mis

Velocity Mead 033 m
Specific Energy  1.60 m
Froude Numbei 0.00
Maximum Disct 3.4423 mi/s
Discharge Full 3.2000 mYs
Slepe Full 005000 m/m
Flow Type N/A

Notes: Discharge of 3.2 m3/s was taken from taking 50% of the 100 year flow of subcatchment 140 of turkey creek walershed.

Drainage area [V/S of Titcombe is approximately 274 ha, 55% of the entire subcatch #140. Drainage area therefore U/S Titcombe crassing is app.
50% of the entire subgatch,

From 1989 Maclaren report:

Catch # 140

DA = 496 Ha.

100 yr existing = 6.4 m3/s

100 yr efuture = 16.7 m3/s

Title: Detroit River Intemational Crossing Study Project Engineer: Ana Ignacio
o \dric\19_watermescurcesthydraulics\titcombe fm2 URS FlowMaster v7.0 [7.0005]
11/30/06 11:25:11 AM © Haestad Methods, In¢c. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.2.2

Basin Drain Crossing

Detroit River International Crossing Study



Solve For: Headwater Elevation

Culvert Calculator Repori
Basin Drain -All Alternatives - Reqg Chechk

Culvert Summary

Allowable HW Elevation 18140 m Headwater Depth/Height 1.20
Computed Headwater Elevat 18032 m Discharge 8.1000 m3s
intet Control HW Elev. 180.32 m Tailwater Elevation 17970 m
Qutlet Control HW Elev. 18032 m Control Type Inlet Contral
Grades

Upstream Invert 178.50 m Downstream Invert 178.20 m
Length 58.00 m Constructed Slope 0.005172 m/m
Hydraulic Profile

Profile CompositeS152 Depth, Downstream 1.05 m
Slope Type Steep Normal Depth - 105 m
Flow Regime N/A Critical Depth 1.14 m
Velocity Downstream 3.62 m/s Critica! Slope 0.004178 m/m
Section

Sectiocn Shape Box Mannings Coefficient 0.013
Secticn Material Concrete Span 213 m
Section Size 2130 x 1520 mm Rise 1.52 m
Number Sections 1

Cutlet Contral Properties

Cutlet Control HW Elev. 180.32 m Upstream Velacity Head 057 m
Ke 0.20 Entrance Loss 011’ m
Inlet Control Properties

Inlet Control HW Elev. 180.32 m Flow Control Transition

Inlet Type  80° headwall w 45° bevels Area Full 33 m
K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

Title: DEtroit River International Crossing
o\ Ahydraulics\basin drain.cvm

11/09/06 04:42:06 PM

@ Haestad Methods, Inc.

URS

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana Ignacio
CulvertMaster v3.0 [3.0003]
Page 1 of 4



DRAFT July 2007 Practical Allernatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.2.3

Cahill / Wolfe Drainage
Along Talbot Road

Detroit River International Crossing Study



Cahill/Wolfe Drain Along Talbot Roac
Worksheet for Rectangular Channel

Project Description

Worksheet Rectangular Channel - Cahill Drain (4.5 »
Flow Element Rectangular Channe!

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Ceeffici 0.013
Channel Slope 002400 m/m

Bottom Width 450 m
Discharge 12,1000 m3s
Results

Depth 0984 m
Flow Area 4.2 m?
Wetted Perime 638 m
Top Width 450 m
Critical Depth 090 m
Critical Stope  0.002689 m/m
Velocity 2.86 m/s
Velocity Head 0.42 m
Specific Energ 1.36 m
Froude Numbe 0.94

Flow Type Subcritical

Title: Detrolt River Intemationa! Crossing Study Project Engineer: Ana Ignacio
o:\...\cahill-wolfe drainage at talbot.fm2 URS FlowMaster v7.0 [7.0005]
1116/06 (1:47:59 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 10of 1



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.2.4

Syphon Analysis

Detroit River Intemational Crossing Study



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.2.4.1

Turkey Creek

Detroit River [nternational Crossing Study
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DRAFT July 2007 Praclical Alfernatives Evaluation Assessment Report
Revised December 2007 Stormwater Managemeni Plan

Appendix A.2.4.2

Lennon Drain

Detroit River Infernational Crossing Study
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DRAFT July 2007 Practical Allermnatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.2.4.3

Cahill Drain

Detroit River International Crossing Study
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DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.3

Alternative 2A

Cahill Drain Crossing
Lennon Drain Crossing
Basin Drain Crossing
Titcombe Drain Crossing

Detroit River International Crossing Study



Solve For: Headwater Elevation

Culvert Calculator Reporl
Basin Drain -All Alternatives - Reg Check

Culvert Summmary

Allowabla HW Elevation 181.40 m Headwater Dapth/Height 1.20
Computed Headwater Elevat 180.32 m Discharge 81600 ms
Inlet Control HW Elav, 186.32 m Tailwatar Elevaticn 17970 m
Outlet Contro! HW Elev. 180.32 m Control Type Iniet Contral
Grades

Upstream Invert 178.50 m Downstream [nvert 17820 m
Length 58.00 m Constructed Slope 0.005172 mim
Hydraulic Profile

Profile Composite 5182 Depth, Downstream 1.06 m
Slope Type Steep Normal Depth - 1.05 m
Fiow Regime N/A Critical Depth 1.14 m
Velacity Downstream 362 mis Critical Slope 0.004178 m/m
Section

Section Shape Box Mannings Coefiicient 0.013
Section Material Concrete Span 243 m
Section Size 2130 x 1520 mm Rise 152 m
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 180.32 m Upsiream Velacity Head 057 m
Ke 0.20 Entrance Loss ¢11'm
inlet Control Properties

inlet Control HW Elev, 18032 m Simw Contro! Transition

Inlet Type  90° headwall w 45° bevels Area Full 33 m?
K 0.49500 HDS 5 Chart 10

M 0.66700 HDS & Scale 2

C 0.03140 Eguation Form 2

Y 0.82000

Title: DEtrolt River International Craossing
o\...\nydradics\basin drain.cvm

11/09/06 04:42:06 FM

©® Haestad Methods, inc.

URS
37 Brockside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana ig
CulvertMaster v3.0 {3.
Page



Solve For: Headwater Elevation

Culvert Calculator Repor
Lennon Drain - Alt2A-100yr-Existing

Culvert Summary

Allowable HW Elevation 182.00 m Headwater Depth/Height 1.54
Computed Headwater Elevat 18138 m Discharge B8.3000 m?¥s
Intet Control HW Elev. 18121 m Tailwater Elevation 180.70 m
Outlet Contral FHW Elev. 181.38 m Contro! Type Qutlet Contral
Grades

Upstream Invert 179.50 m Downstream Invert 179.20 m
Length 67.00 m Constructed Slope 0.004478 m/m
Hydraulic Profile

Profile PressureProfile Depth, Downstream 1.50 m
Slope Type N/A Normal Daepth 093 m
Flow Regime N/A Critical Depth 1.02 m
Velocity Downstream 263 mis Critica! Slope 0.003567 m/m
Section

Secticn Shape Box Mannings Coefficient 0.013
Secticn Material Concrete Span 259 m
Section Size 1219 mm x 2591 mm Rise 1.22 m
Number Sections 1

Qutlet Control Properties

Outlet Control HW Elev. 181.38 m Upstream Velocity Head 035 m
Ke 0.20 Entrance Loss 007 m
Inlet Control Properties

Inlet Control HW Elav. 18121 m Flow Control Submerged

Inlet Type  90° headwalt w 45° bevels Area Full 32 m?
K 0.48500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

Cc 0.03140 Equation Form 2

Y 0.82000

Title: DEtroit River International Crossing
o\ \hydraulics\lennon at grade.cvm

11/47/06 10:26:00 AM

® Haestad Methods, Inc.

URS
37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana Ignacio
CulvertMaster v3.0 [3.0003]
Page 10f1



Commants: Unknown Flow

Solve For: Headwater Elevation

Culvert Calculator Report
Cahill Alt 2A-Future

Culvert Summary

Allowable HW Elevation 184.40 m Headwater Depth/Height 1.87
Computed Headwater Elevat 182.77 m Discharge 27.6000 mfs
Inlet Contrel HW Elev. 182.77 m Tailwater Elavation 181.14 m
Outiet Control HW Etev. 18261 m Control Type Intet Control
Grades

Upstream Invert 179.82 m Downstream Invert 17964 m
Length 74.00 m Constructed Slope 0.002432 m/m
Hydrauiic Profile

Profite PressureProfile Depth, Downstreamn 150 m
Slope Type N/A Normal Depth N/A m
Flow Regime N/A Critical Depth 1.50 m
Velocity Downstream 408 mis Criticat Slope 0.006085 m/m
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Cancrete Span 450 m
Secticn Size 4500 x 1500 mm Rise 1.50 m
Number Sections 1

Outlet Contrel Properties

Outlet Control MW Elav. 182,61 m Upstream Velocity Head 0.85 m
Ke 0.20 Entrance Loss 017 m
inlet Control Properties

Intet Control HW Elev. 182.77 m Flow Cantral N/A

Inlet Type 90" headwall w 45° bevels Area Fuli 68 m?
K 0.48500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

Title: DEtroit River Intemational Crossing
o:\...\hydraulics\cahill crossing at grade.cvm

11/14/06 11.56:47 AM

@ Haestad Methods, Inc.

URS

37 Breokside Road  Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Ana Ignacio
CulvertiMaster v3.0 [3.0003]
Page 1 of 1



DRAFT July 2007 Praclical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.4

Alternative 2B

Detroit River internationa! Crossing Study



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.4.1

Titcombe Drain Crossing

Detroit River International Crossing Study



Waorksheet for Circular Channe!

Project Description

Waorksheet Titcome_prelimin
Flow Element Circular Channel
Method Manning's Formu
Soive ~or Full Flow Diamett
input Data

Mannings Ceeffici 0.013
Channel Slope 0050600 m/m

Discharge 3.2000 ms
Results

Depth 127 m
Diarmeter 1,269.0 mm
Flow Area 1.3 m?
wetted Perimet  4.30 m
Top Width 0.00 m
Ctitical Depth 087 m
Percent Full 100.0 %
Crtical Slope 005735 m/m
Velacity 253 mis
Velocity Head 033 m
SpecificEnergy 160 m
Froude Number 0.00
Maximum Disct 3.4423 m¥s
Discharge Full 32000 m?s
Siape Full 005000 m/m
Flow Type N/A

Notes: Discharge of 3.2 m3/s was taken from taking 50% of the 100 year flow of subcatchment 140 of turkey creek watershed.
Drainage area D/S of Titcombe is approximately 274 ha, 55% of the entire subcatch #140. Dralnage area therefore U/S Titcombe crossing is app.

50% of the entire subcatch.

From 1988 Mactaren report:

Catch # 140

DA = 496 Ha.

100 yr existing = 6.4 m3/s
400 yr efuture = 16.7 m3/s

Title: Detroit River intemational Crossing Study
pAdric\19_watemesourcesthydraulicstitcombe.fm2

1110/06 11:25:171 AM

® Haestad Methods, Inc.

Titcombe Drain

URS

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana ignacio

FiowMaster v7.0 [7.0005]
Page 1 of 1



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.4.2

Basin Drain Crossing

Detroit River International Crossing Study



Solve For: Headwater Elevation

Culvert Calculator Repor{
Basin Drain -All Alternatives - Reg Check

Culvert Summary

Allowable HW Elevation 181.40 m Headwataer Depth/Height 1.20
Computed Headwater Elevat 180.32 m Discharge 8.1000 m¥s
Inlet Control HW Elev. 180.32 m Tailwater Elevation 179.70 m
QOutlet Control HW Elev. 180.32 m Control Type Inlet Control
Grades

Upstream Invert 17850 m Downstream Invert 17820 m
Length 58.00 m Constructed Slope 0.005172 m/m
Hydraulic Profile

Profile Composite$152 Depth, Downstream 105 m
Slope Type Steep Normal Depth - 1056 m
Flow Regime N/A Critical Depth 114 m
Velocity Downstream 3.62 mfs Critical Siope 0.004178 m/m
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 213 m
Section Size 2130 x 1520 mm Rise 1.62 m
Number Sections i

Cutlet Control Properties

Cutlet Control HW Elev. 180.32 m Upstream Velocity Head 0.57 m
Ke 0.20 Entrance Loss 011" m
Iniet Contral Properties

Inle* Contol MW Elev, 18032 m Flow Contro! Transition

Inlet Type  80° headwall w 45° bevels Area Full 33 m
K £.49500 HDS 5 Chart 1¢

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

Title: DEtreit River International Crossing
o:\.. \hydraviics\basin drain.cvm

11/09/06 04:42:06 PM

® Haestad Methods, Inc.

URS
37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana Ignacio
CulvertMaster v3.0 [3.0003]
Page 1 of 1



DRAFT July 2007 Practical Allernatives Evaluation Assessment Report
Revised December 2007 Stormwaler Management Plan

Appendix A.5

Alternative 2B — Revised

Detroit River International Crossing Study



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.5.1

Titcombe Drain Crossing

Detroit River International Crossing Study



Worksheet for Circular Channe!

Project Description

Workshest Titcame_prelimin
Flow Element Cireular Channel
Method Manning's Formu
Soive For Full Flow Diamett
Input Data

Mannings Coeffici. 0.013
Channe!Slope 005000 m/im

Discharge 3.2000 m¥s
Results

Depth 127 m
Diameter 1.289.0 mm
Flow Area 1.3 m?
Wetted Perimet  4.30 m
Top Width 0.00 m
Criticat Depth 097 m
Percent Full 100.0 %
Critical Slope Q05735 m/m
Velocity 253 m/s

Vetocity Head 0.33
SpecificEnergy  1.60
Froude Number  0.00

Maximnum Disct 3.4423
Discharge Full  3.2000
Siope Full 005000
Flow Type N/A

m3ls
mYs
mim

Notes: Discharge of 3.2 m3/s was taken from taking 50%
Drainage area D/S of Titcombe is approximately 274 ha, 55% of the ent|
50% of the entire subcateh.

From 1988 Mactaren report:

Catch # 140

DA = 496 Ha.

100 yr existing = 6.4 m3/s
100 yr efuture = 16.7 m3/s

Title: Detroit River intemational Crossing Study
o:\dric\1 9_waterresources\hydraulics\tjtcombe.fmz

11/10/06 11:25:11 AM

®© Haestad Methoeds, Inc.

Titcombe Drain

of the 100 year flow of subcatchment 140 of turkey creek walershed.
ire subcatch #140. Drainage area therefare U/S Titcombe crossing is app.

URS

47 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana Ignacic

Flowhaster v7.0 [7.0005]
Page 1 of 1



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix A.5.2

Basin Drain Crossing

Detroit River International Crossing Study



Solve For; Headwater Elevation

Culvert Calculator Reporl
Basin Drain -All Alternatives - Reg Check

Culvert Summary

Allowable HW Elevation 181.40 m Headwater Dapth/Height 1.20
Computed Headwaler Elevat 180.32 m Discharge 8.1000 m/s
Inlet Control HW Elev. 180.32 m Taliwater Elevation 179.70 m
Gutlet Control HW Elav. 18¢.32 m Control Type Intet Control
Grades

Upstream invert 178.50 m Downstream Invert 17820 m
Length 58.00 m Constnucted Slope 0.005172 m/m
Hydraulic Profile

Profile CompositeS152 Depth, Downstream 105 m
Slope Type Steep Nermal Depth - 105 m
Flow Regime N/A Critical Depth 114 m
Vaelocity Downstream 3.62 mis Critica} Slope 0.004178 m/m
Section

Section Shape Box Mannings Coefficient 0.013
Saction Material Concrete Span 213 m
Section Size 2130 % 1520 mm Rise 152 m
Number Sections 1

Outiet Control Properties

Outlet Contro) HW Elev. 180.32 m Upstream Velocity Head 0.57 m
Ke o.20 Entrance Loss 011 ' m
iniet Contro! Properties

inlet Control HW Elsv. 18032 m Flow Contro! Transition

Inlet Type  90° headwall w 45° bevels Area Full 33 m?
K 0.48500 MDS 5 Chart 10

M 0.66700 HDOS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

Title: DEtroit River Intemational Crossing
o\ \nydrauics\basin drain.cvim

11/09/06 04:42:06 PM

® Haestad Methods, Inc.

URS
27 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana Ignacio
CuivertMaster v3.0 13.0003]
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dric.rep

HEC-RAS version 3.1.3 May 2005
U.s. Army corp of Engineers
Hydrologic Engineering Center
609 second Street
Davis, California

Tdkdehdeddeh e dhhdhdddddd b hdedodoh S dede ke ded ot dele ek dodde o dote e dedode de S dododnde e e ke de e dode e dede e de de b de e e e

PROJECT DATA

project Title: Turkey River

Project File : dric.prj

Run Date and Time: 15/11/2006 2:56:15 PM

pProject in SI units
WA RN RN RN RGN EENURNNEE ST hahhnn it thnthhdhxid bttt hrhhhhhahhhtthhan®
PLAN DATA

Plan Tigle: Plan 37 .
Plan Fije : o0:\DRIC\19_waterrResources\hec\dric.p37

Geometry Title: existing
Geometry File : 0:\PRIC\19 waterrResources\hec\dric.g0l

Flow Title : Flow 01
Flow File ¢ 0:\PRIC\19_waterResources\hec\dric.f0l

Plan summary Information:

Number of: Cross Sections
Culverts
Bridges

10 Multiple Openings
0 Inline Structures
1 Lateral structures

[
o000

I

Computational Information
water surface calculation tolerance
critical depth calculation tolerance
Maximum number of iterations
maximum difference toierance
Flow tolerance factor

0.003
0.003
20

0.1
0.001

/I T |

computation options
critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computationai Flow Regime: Subcritical Flow

Fxhhhdndladddddhdhddeh bbbk hhdhdih et dddddi A dchide T d e Ak b dodede e dede e dede e de e I

FLOW DATA

Flow Title: Flow 01 .
Flow File : 0:\DRIC\19_waterresources\hec\dric.f0l

fedrdedededenedede e dededede Ve dededededeve e dedededededede e dede e dewdedrdededede e e dededede e dedededewcdededrdrdedede e dedrdededr dede A de e

o

* River Reach RS * 100 yr rRegional *
* Turkey Creek Main 10 * 39.5 62.6 °

fRmETN Rk w ATk Rl R Il e fr ke Sr ke afe ke fidded ndr e dvdr i dede e e e e dr b il de

Boundary Conditions
e e Ve g Ve N e Y R N A N S e R A e A R kA R T e R R A A R N AR R W R N AR N e SR e Ve A ke

* River Reach pProfile ¥ Upstream Downstream
fhfhhduddddwdh bkt hdd At hdh N hda N hAd S had A ahd AN dhd kS hAd G hd i hehde e ve e
* Turkey Creek Main 100 yr * Normal § = 0.000375
4
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N . .
* Turkey Creek Main rRegional Normal s = 0.000375
k3

L 2 A L e L L e L R R R L R R R T A T
-

R R R R R R R R R g R s S

GEOMETRY DATA

existin

Geometry Title:
o:\DRIC%lQHWaterResources\hec\dric.gOl

Geometry File ;

CROSS SECTION

RIVER: Turkey Creek

REACH: Main RS: 10
INPUT
Description:
station Elevation Data num= 30
Sta E]ev Sta E1ev Sta E1ev Sta E1ev Sta Elev

0 183 76.736 183 99.766 182.5 101.278 182 102.644 181.5
104.01 181 105.363  180.5 106.485 180 107.607 179.5 108.729 179
109.85% 178.5 110.973 178 112.095 177.5 113.217 177 116.947 176.56
117.547 176.36 119.547 176.36 120.147 176.56 123.877 177 124.941 177.5
126.005 178 127.069 178.5 128.133 179 129.197 179.5 130.261 180
131.624 180.5 132.798 181 134.684 181.5 136.554 182 264.86 182.5
Manning's n values num== 3
sta n val sta n val sta n val
L S L L R e L e L L s ]
0 .03 116.947 L.017 120.147 .03
gank Sta: Left Right tengths: Left Channel Right Coeff Contr. EXpan.
116.947 120.147 207.817 210.778 216.406 .1 .3

CROSS SECTION QUTPUT pProfile #100 yr

B N e M M N M M M M M A AT A S S M M At R AR S M B AR M S A A A A

* E.G. Elev {m) * 178.68 * Element * Left 0B * cChannel * Right QB *
* ve'l Head (m) ® 0.27 * wt. n-val. *  0.030 * 0.017 0.030 =
* W.S. Elev (m) * 178.40 * Reach Len. (m) * 207.82 * 210.78 * 216.41 *
* Crit w.S. (m) W * Flow Area (m2) ki g8.25 6.41 * 8.13 *
* E.G. Slope (m/m) *0.001101 * Area (m2) ¥ 8.25 ~* 6.41 * 8.13 *
* Q Total (m3/s) = 39.50 * rFlow (m3/s) * 9.99 = 19.62 * 9.89 *
* Top width {m) * 16.78 * Top width (m) * 6.87 = 3.20 * 6.71 ¥
* vel Total {m/s) * 1.73 * Avg. vel. (m/s) * 1.21 = 3.06 ~ 1,22 %
* Max chl opth (m) = 2.04 * Hydr. Depth (m) * 1.20 = 2.00 * 1,21 *
* Conv. Total (m3/s) * 1190.6 * conv. (m3/s) * 301.0 = 591.3 = *
* Length wtd. (m) *  211.47 * wetted Per. (m} * 7.20 = 3.26
*Min ¢ch E1T {m) * 176.36 * shear (N/m2) * 12.37 = 21.19
* Alpha * 1.80 * stream Power (N/m s} * 14,98 * 64.86
% Frctn Loss (m) * 0.16 * cum voiume (1000 m3) * 3.89 -~ 5.02
*C & E Loss (m) * * Ccum SA (1000 m2) * 3.03 ¢ 2.34

Teddrhhddededrde e dedededededrhdededede ta‘r'ftf:fr—c#frfr*** fevedede oS e dedeve ST Ve e fedede e de Sy Fedede e de e de W e dede v e de e S e e di e e i &

whdedrhdedrdedeaedededdedede dedededededede e dedededededededede e de e de Yoo dede dedede Ve dede e de dr v e e e e e S de frfr e ke drar frvr Ao ey e drde vk

§§OSS SECTION OUTPUT Profile #Regional

E.G. Elev (m) 179.26 * glement * Left OB * Channel =

< vel Head (m) 0.36 * wt. n-val. * 0,030 * 0.017 =

W-$- Elev (m) * 178.90 * Reach Len. (m) * 207.82 * 210.78 =
*Crit wW.5. (m) * * Flow Area (m2) * 11.93 =~ 8.00 =
* E.G. Slope (m/m) #0,001143 * Area (m2) * 11,93 ~* 8.00 =
* Q Total (m3/s) * 62.60 * Flow {m3/s) * 16.96 * 28.90 =
* Top width (m) = 18.95 * Top Width (m) * 7.99 * 3.20 =
* yel Total (m/s) * 1.98 * avg. vel. (m/s) * 1.42 = 3.61 =
* Max chl opth (m) * 2.54 * Hydr. Depth (m) * 1.49 = 2.50 %
* Conv. Total (m3/s) * 1851.8 * conv. (m3/s) i 501.8 = 854.8
* Length wtd. (m) * 211,51 * wetted Per. (m) * 8.42 3.26 ¥«
* Min ch 1 (m) * 176.36 * Shear (N/m2) * 15.89 * 27.45 ¢
* Alpha ki 1.82 * stream Power (N/m s) * 22.59 = 99.18 ¢
* Frctn Loss (m) # 0.19 * cum volume (1000 m3) * 5.48 = 6.16 °
¥ C & E Loss (m) * 0.03 * Cum sa (1000 mZ) # .54 {’ .34 ¢
o S AP et e SOt P T o ST O U sl ST S

CROSS SECTION

RIVER: Turkey Creek
Page 2



dric.rep

REACH: Main RS: 9.9
INPUT
pDescription:
Station £levation Data num= 32
Sta Elev sta E1ev Sta E]e sta Elev Sta Elev
wRhdeddddhdddide etk N a Tt s s d ok i AR Rt R AN RN LN W e R e feve i
0 182.5 120.028 182.5 136.616 182 137.952 181.5 139.286 181
140.62 180.5 141.772 180 142.859 179.5 143.941 179 145.023 178.5
146.105 178 147.187 177.5 148.269 177 149.351 176.5 152.673 176.06
153.273 175.86 155.273 175.86 155.873 176.06 159.195 176.5 160.399 177
161.603 177.5 162.805 178 164.002 178.5 165.197 179 166.39 179.5
167.992 180 169.998 180.5 172.048 181 174.284 181.5 180.916 182
191,253  182.5 277.679 183
Manning’s n values num= 3
Sta n val sta n val Ssta n val
EL L A L A L L L L L L
0 .03 152.673 L0017 155.873 .03
Bank sta: Left Right tengths: Left channel Right coeff Contr. Expan.
152.673 155.873 104.462 100.685 96.329 .1 .3

CROSS SECTION OUTPUT ProtTile #100

R R R L R T R R R R R R B R R R R R R R Y

* E.G. Elev {(m) #* 178.48 * Element * Left 08 * channel

#* vel Head (m) * 0.18 * wt. n-val, * 0,030 * 0.017 ~*
* wW.s. Elev (m) * 178.30 * Reach Len. (m) * 104.46 * 100.68
* Crit w.S. (m) * * Flow Area (m2) * 10.23 = 7.69 =
* E.G. Slope (m/m) *#0.000578 * Area (m2) * 10.23 = 7.69 *
= Q Total (m3/s) u 39.50 * Flow (m3/s) ¥ 9.96 * 19.28 =
* Toq width (m}) x 18.08 * Top width {(m)} ¥ 7.22 * 3.20 *
* Total {(m/s) * 1.38 * avg. vel. (m/s) * 0.97 * 2.51 *
* Max Chl ppth (m) * 2.44 % Hydr. Depth (m) ¥ 1.42 * 2.40 *

* Conv. Total {m3/s) * 1642.2 * conv. (m3/s) k . .
* 100.42 * wetted Per. {(m) = 7.65 * 3.26
x *

* Length wtd., (m) *
* Min ch ET {m) * 175.86 Shear (N/m2) 7.59 ~* 13.37 *
* Alpha ¥ 1.85 * stream Power (N/m s) * 7.39 = 33.51 *
* Frctn Loss (m) * 0.06 * Ccum voiume {1000 m3) * 1.97 = 3.53 =

* 0.00 * cum sa (1000 m2) ¥ 1.57 = 1.67 =

* C & E Loss (m)

EL 13

*

LR

P e NN W UN NN ARSI A A A N LI NN L h A S L A a N bkttt didefte it e dededede e d vt e T e vk Ve he Sl h wh AR At hhha T kA,

CROSS SECTION OUTPUT profile #Regional

A A A A A AR AR WA EU N AU NN NN RN T AR A A DR AT h Atk dhhahhdhhthhathhhdhhdhhdhhbhhdhhrahnthhnhhnnn

ki
%
*
2
%
%
x
%
x
i
%
%*
s
%

.

* E.G. Elev (m) * 179.04 * Element * Left oB * channel * Right OB
* yvel Head (m) * 0.26 * wt. n-val. * 0.030 ~* 0.017 = 0.030
* W.S5. Elev (m) * 178.78 * Reach Len. (m) “ 104.46 * 100.68 *  96.33
*Crit W.5. (m) = * Flow Area (m2) * 13,93 ~* 9.22 * 14.55
* E.G. S]ope (m/m) *0.000698 * Area (m2) * 13,93 * 9.22 * 1455
* Q Total (m3/s) *  62.60 * Flow (m3/s) * 16.67 * 28.63 * 17.30
* width (m) * 20.25 * Top width (m) * 8.26 * 3.20 * 8.80
* Total {m/s) * 1.66 * Avg. vel. (m/s) * 1.20 =* 3.11 1.19
* max Ch1 opth (m) ® 2.92 * Hydr. Depth (m) * 1.69 = 2.88 * 1.65
* gonv, Total (m3/s) * 2369.7 * Conv. (m3/s) *# §31.1 * 1083.9 *  654.7
* Length wtd, (m) * 100.36 * wetted Per. (m) * 8.79 = 3.26 % 9.28
# Min Ch E1 (m) * 175.86 * shear (N/m2) * 10.85 * 19.33 * 10.73
* Alpha ¥ 1.88 * sStream Power (N/m s) * 12.99 * 60.02 * 12.75
* Fretn Loss {(m) ¥ 0.08 * Cum volume (1000 m3) * 2.80 = 4.34 % 3.31
* C & E Loss {m) ¥ 0.00 * Cum sA (1000 m2) * 1.85 = 1.67 2.17
whddadhhhwhd bl h vttt h it TR R h SN AN A h S b hh L e o R ok e e v e el Ve e e de e
CROSS SECTION
RIVER: Turkey Creek
REACH: Main RS: 9.8
INPUT
Description: US of Huron Church Road
station Elevation Data num=
Sta Elev Sta Elev sta Elev Sta Elev sta Elev
FWIHE WA LI RN RN e dde N hi Ak dedkdede kA kb dih kbt kb hrd e dededederdederdededededede e de ke ke St S e fe ke
0 182.5 37.489 182 45.643 181.5 47.136 181 48.636  180.5
50.024 180 51.1 179.5 52.174 179 53.246 178.5 54.316 178
55.384 177.5 56.451 177 57.519 176.5 60.347 176.06 60.947 175.86
62.947 175,86 63.5%47 176.06 66.375 176.5 6£7.488 177  71.05 177.5
72.19 178 73.33 178.5 74.472 179 75.609 179.5 76.733 180
77.849 180.5 94.858 181 118.672  1B1.5 142.126 182 143.791  182.5
Manning's n values num= 3
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dric.rep

oSSR, 0Vl St noval LSt o val

0 .03 60.347 .017 63.547 .03
Bank Sta: Left Right Lengths: Left channel  Right Coeff Contr.  Expan.

60.347 63.547 24,356 24.248 24.356 .1 .3

CROSS SECTION QUTPUT Profile #100 yr
A A r A A e T A A A e A R N R A e e A A A R R N e R RN NN R R AN AN AR AR N A R AN AN AT R A Ak kT w h kA,
* E.G. Etev (m) * 178.42 * Element * Left OB * Channel * Right OB *
* vel Head (m) * 0.21 * wt. n-val. * 0,030 * 0.017 = .030 *
* W.S, Elev (m) # 178,20 * Reach Len. (m) * 24,36 % 24.25 * 24,36 *
= opit WS, (m) ¥ * Flow Area (m2) % B8.54 ¥ 7.38 * 11.02 *
* E.G. Slope {m/m) *0,.000709 * Area (m2) * B8.54 ¥ 7.38 % 11.02 *
* Q Total (m3/s) * 39,50 * Flow (m3/s) % 8.75 * 19.90 * 1i0.85 ~*
* Top width (m) “ 18,77 * Top width (m) % 6.47 ¥ 3.20 * 9.11 *
* vel Total (m/s) w 1.47 % aAvg. vel. (m/s) % 1.03 * 2.70 * 0.98 *
* Max Ch1 Dpth (m) ¥ 2.34 % Hydr. pepth (m) * 1.32 * 2.31 * 1.21 =
* conv. Total (m3/s) * 1483.3 * Conv. (m3/s) * 32B.6 % 747.4 % 407.3 *
“ Length wtd., (m) * 24,28 * wetted per. (m) * 6.88 * 3.26 * 9.43 *
* Min ch ET (m) # 175,86 * sShear (N/m2) * 8§.63 * 15,71 = ®
* aAlpha * 1.94 = stream power (N/m s) * 8.85 * 42,39 = ®
* Frctn Loss (m) * 0.01 * Cum volume (1000 m3) * 0. ® * ®
* C & E LOS # * Cum SA (L m2) = ®
kAR TEEEELS EE 2 J * I
CROSS SECTION CQUTPUT Profile #Regional
DEEnAhRT RS d kBl hdi e av ik vk fekdkhhth ik hhdeh L hhtlihh S n s
* E.G. Elev (m) * 178.97 * Element * Left 0B * channel * Right 0B *
* yel Head (m) % 0.29 * wt. n-val. ¥ 0.030 * 0,017 = 030 0%
* wW.5., Elev (m) * 178.67 * Reach Len. (m) # 0 24.36 % 24,25 *  24.36 =
*Crit WS, (m) * * Flow Area (m2) * 11.80 ~* §.88 * 15,53 =
* E.G, Slope {m/m) *0.000813 = Area (m2) * 0 11.80 * g§.88 15.53 =
* Q Total (m3/s) *  62.60 * Flow (m3/s) * 14,55 * 29,00 * 19.05 =
* Top width (m) * 20,84 * Top width (m) * 7.47 * 3.20 * 10.18 =
* vel Total (m/s) ¥ 1.73 * Avg. vel. (m/s) ¥ 1.23 = 3.27 * 1.23 =
* Max chl popth (m) # 2.81 * Hydr. pepth (m) % 1.58 «* 2.77 0 * 1.53 =
* conv. Total (m3/s) % 2195.7 * Conv. (m3/s) # 510.3 * 1017.3 * 668.0 *
% Length wtd. (m) * 24.29 * wetted Per. (m) * 7.99 * 3.26 * 10.60
% Min ch E1 (m) * 175.86 * shear (N/m2) = 11.78 = 21.67 = 11.68 *
# Alpha = 1.93 * stream Power (N/m s) * 14,52 = 70,81 * 14.33 =*
* Frctn Loss (m) E 0.01 * Cum volume (1000 m3) =* 1.45 * 3.43 = 1.86 =
* C & E Loss {(m) ¥ 0.03 * cum sA (1000 m2) ¥ 1.03 ~* 1.35 1.25 =

e e de e Ve Yo fe Yo Yo oo S o de Yo we de e de de e de Yo dede e dedrdede dededede dedededede de s dedesedrdededede dede oo dede dedede de Yo de dede e de deve dede e dedede Ao ve te e e dede S e de Se e de Ve Yr e e %

CROSS SECTION

RIVER: Turkey Creek

REACH: Main RS: 9.7
INPUT
pescription: 05 of Huren Church Road
Station Elevation Data num= 22
Sta Elev Ssta Elev Sta Elev sta Elev sta Elev
B de B Ve Yo T B e T W Ve S e e v e e e e e e e Ve s f e e e e e e Y e S S ¥ we e S e 3% e e de e Yo v e de e e e Yo v S e Yo de e e S Yo Sede e e Ve Fe e e Sove
0 182 135.597 182 140.617 181.5 141.147 181 141.663 180.5
142.193 180 142.948 179.5 144.066 179 145,159 178.5 146.135 178
147.372 177.5 148.469 177 149.758 176.5 151.708 176.06 152.308 175.86
154.308 175.86 154.908 176.06 156.858 176.5 157.961 177 161.475 177.1
167.781 181.5 235.174 182
Manning's n values num= 3
sta n val sta n val sta n val
At f kA b A AN Ak A A A A e e e de e e e e e de el il e e de
0 .02 148.469 .017 157.961 .02
Bank sta: Left Right tengths: Left Channel Right coeff Contr. Expan.
148.469 157.961 35.414 35.414 35.414 .3 .5

CROSS SECTION OUTPUT Profile #100 yr

EE R R R R A A bk e o e R bk R R A R R R N s

* E.G. Elev (m) * 178.38 * Element = Left o8 * channel * Right oB *

P 22 L L LT e PR S P T

e
# vel Head (m) * 0.15 * wt. n-val. * 0.020 = 0.017 = 0.020 =
* W.5. Elev (m) * 178.24 * Reach Len. {m) * 0.62 * 0.62 * 0.62 ¥
* Crit W.S. (m) w 177.50 * Flow Area (m2) ¥ 1.74 = 18.68 5.10
* E.G. Slope (m/m) *(.000396 * Area (m2) w 1.74 * 18.68 * 5.10 *
* g Total (m3/s) % 39.50 * Flow (m3/s) K 1.19 = 33.49 = 4.82 *
* Top width (m) i 17.43 ¥ Top width (m) i 2.80 = 9.49 * 5.14 ¢
* vel Total (m/s) * 1.55 * Avg. vel. (m/s) ¥ 0.68 * 1.79 * 0.95 ~
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dric.rep

* Max chl ppth (m) #* 2.38 * Hydr. pepth (m) i 0.62 1.97 =
* Conv. Total (m3/s) * 1985.3 * Conv. (m3/s) * 59.8 * 1683.1 ~*
# Length wtd. (m) * 0.62 * wetted Per. (m) i 3.06 * 9.86 *
* Min ch E1 (m) * 175.86 * shear (N/m2) * 2.21 = 7.36 *
* Alpha * 1.19 * stream Power (N/m s) * 1,51 = 13.19 =
* Frcth Loss {(m) * 0.00 * cum volume (1000 m3) * 0.86 = 2.45 =
% € & E Loss {m) * 0.00 * cum SA (1000 m2) * 0.74 = 1.19 =

Wk R RV e R etk de e e de de e e e dede e Ve e dede sk de de e dede btk ke ek e h i ki hh kb Ak hd kb w v de ek ko

CROSS SECTION OUTPUT Profile #Regional

kvt Rk ek o e vl kel fedede e fedokdedede et de kWl ke de it o e de e de v Rl kit A kDA A A hhw bk A i w L hhh

* E.G. Elev (m) * 178.92 * Element * peft OB * channel *
* vel Head (m) # 0.21 * wt. n-val. o 0.020 « 0.017 =
* w,5. Etev (m) * 178.72 * Reach Len. (m) % 0.62 = 0.62 *
*Crit W.S. (m) * 177.87 * Flow area (m2) ¥ 3.32 * 23.25 *
* E.G. Stope {m/m) *0.000433 = Area (m2) % 3.32 * 23.25 *
* @ Total (m3/s) ¥ 62.60 * Flow (m3/s) % 2.97 = 50.43 *
% width (m) ® 19.12 * Top width (m) ¥ 3.79 = 9.49 *
* vel Total (m/s) * 1.82 Avg. vel. (m/s) ¥ 0.89 = 2.17 =%
* Max Chlt opth (m) * 2.86 * r. pepth (m) w 0.88 * 2.45 %
* conv., Total (m3/s) * 3008.5 * conv. (m3/s) i 142.8 * 2423.6 *
* Length wtd. (m) * 0.62 * wetrted Per. (m) ¥ 4,16 * 9.86 ¥
* Min ch ET (m) * 175.86 * shear (N/m2) * 3.39 10.02 =
* Alpha * 1.21 * stream Power {N/m s) * 3.03 * 21.72 %
* Frctn Loss {m) * 0.00 * cum volume (1000 m3) * 1.27 * 3.04 *
* C & E Loss {m) = s * .

Stk hh Rl ke whx

BRIDGE

RIVER: Turkey Creek

REACH: Main RS: 9.65

INPUT

Description:

Distance from Upstream XS = .621
Deck/rRoadway width = 34.79
weir Coefficient = 1.44

Upstream Deck/Roadway Coordinates
9

num=
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
Jededededede Ve de e fede Ve e de Ve defe A fe Ve Fe e fe Ve drde Ve d e dr e Ve fede e Lo hdr e Sedrfe e kR h kN A h Rk m kb ahd
0 181.74 90.83 182.081 118.067 182.057
140.62 182.199  181.5 152.78 182.207 181.5 167.78 182.179 181.5
168.067 182.156 190.032 181.964 218.067 181.884
upstream Bridge Cross Section Data
Station Elevation Data num= 22
Sta Elev sta Elev sta Elev sta Elev Sta glev
PR WN RN R AN AN hhfi vt hd b d Nt kb hh e hdhdede
0 182 135.597 182 140.617 181.5 141.147 181 141.663 180.5
142.193 180 142.948 179.5 144.066 179 145.159  178.5 146.135 178
147.372 177.5 148.469 177 149.758 176.5 151.708 176.06 152.308 175.86
154.308 175.86 154.908 176.06 156.858 176.5 157.961 177 161.475 177.1
167.781  181.5 235.174 182
manning's n values num= 3
sta n val sta n val sta n val

kY

RV e Wl et e e e Vel YN Yoo de de e e de dvede de e i dedo wodl e dedodo

0 .02 148.469 .017 157.961 .02

Bank sta: Left Right coeff contr. Expan.
148.469 157.961 .3 .5

Downstream Deck/Roadway Coordinates
num= 11
Sta H1 c0rd Lo Cord Sta H1 Cord LO Cord sta H1 Cord Lo cord

0 181.74 90.83 182.081 118.06? 182.057
133.85 182.157 181.5 137.28 182.199 181.5 152.78 182.207 181.5
165.46 182.179 181.5 168.067 182.156 183.5 175.93 182.11 181.5

190.032 181.964 218.067 181.884
Downstream Bri dge Cross Section Data
Station Elevation Data nums= 8
Sta Elev Sta Elev Sta Elev Sta Elev sta Elev
RN ARkl dek ded ok e et dede ol dedede e e el ke dn ek ok dehdn ke ek a hh Rk a ek i ke
0 182 125.33 182 133.85 181.5 139.252 179.5 140.572 177

341.87 176.5 145.27 176.06 145.87 175.86 147.87 175.86 148.47 176.06
Page 5
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dric.rep
151.87 176.5 152.973 177 156.487 177.1 159.275 179.5 161.948
166.14 181 170.386 181.5 199.519 182
Manning's n values num= 3
Sta n val sta n val sta n val
LA I m e ik el Yo Tevededede e de et dedede e hdedrh o hdd
o .02 140.572 L017 152.973 .02
Bank sta: Left Right Coeff Contr.  Expan.
140.572 152.973 .3 5
Upstream Embankment side 510? 0 horiz. to 1.0 vertical
pownstream Embankment side slope 0 horiz. to 1.0 vertical
Maximun allowahble submergence for weir flow 95

Elevation at which weir_flow begins
Engr?y head used in spillway design
spillway he1ﬁht used 1in design

weir crest shape

Number of sridge Coefficient Sets = 1

Low Flow Methods and Data
Energy .
Selected Low Flow Methods = Highest En

High Flow Method
Pressure and weir flow
Submerged Inlet cd
submerged Inlet + outlet Cd
Max Low Cord

additional Bridge Parameters

groad Crested

ergy Answer

[T
=]

Add Friction component to Momentum

Do not add weight component to Momentum

Class B flow critical depth computations use critical depth
inside the bridge at the upstream end

criteria to check for pressure flow = Upstream energy grade line

BRIDGE OUTPUT Profile #100 yr

180.5

dhdkhhwdhdhddh i hdtdodhdh b ddedede kel e ddede v dode e do ke dedo ke kR e e dedede dede e de e ek ek ke ke Tk h kit ik

* £.G6. US. (m) * 178.38 =
* W.5. US. (m) ® 178.24 =
* @ Total {m3/s) * 39.50 =
% Q Bridge (m3/s) * 39.50

* Q weir (m3/s) * ¥
# weir sta LTt (m) * *
* wWeir sta Rgt (m) = %
* weir Submerg * *
* Weir Max Depth (m) * *
* Min E1 weir Flow (m) * 181.95 =
* Min E1 Prs (m) ® 181.50

* pelta EG (m) ® .03

* pelta ws (m) * -0.01

* BR Open Area (m2) * 99.65 *
* BR Open vel (m/s) * 1.55 *
* Coef of Q * *
* Br Sel Method *Energy only *

Yededrde e de e dede ek dedcdededededrde e dededededededede I dedede e Aol de

?RIDGE 9UTPUT profile #RrRegional
i S A i g R S ot e S S
* E,G, US. (m) * 178.92 *
* W5, Us, (m) 178,72 *
* g votal {(m3/s) 62.60 *
* @ Bridge (m3/s) 62.60 *
* g Weir (m3/s)

* weir sta LTt {m)

P

* wWeir sta Rgt {m) * *
% weir Submerg * *
“ weir Max Depth (m) * *
* Min EJ weir Flow (m) * 181.95 =
#* Min E1 Prs (m) ® 181.50 =
* pelta EG (m) * 0.04 =
* pDelta WS (m) * -0.02 *
* BR Open Area (m2) * 99.65 *
* BR Qpen vel (m/s) * 1.82 =
* COE'F Of Q % ¥
* gr Ssel Method “Energy only =

B S e e A A A J{J.).J.J.).J(J PR

Element
E.G. Elev (m}
W.5. Elev (m}

* Crit w.s. (m)

Max chl Dpth (m)
vel Total (m/s)
Flow Area (m2)
Froude # Chl

= specif Force (m3)

Hydr Depth (m)

* W.oP. Total (m)
* Conv. Total (m3/s)
* Top width (m)

Frctn Loss (m)
C & E Loss (m)
shear Total (N/m2}
power Total (N/m s)

T dthVde A h ki hn

*Ins1de BR US

RN R

%

178.38
178.24
177.50

*Inside BR DS *
e

178.35
178.25 ¥
177.31 ¥
2.39 =
1.32 -~
29.91 =
0.33 =
33.37 =
1.67
19.41 =~
2482.2 ~*
17.91 =
0.00 =
0.00 =
3.83 =
.05 *

[ R JrA.J 2 J‘**J.J.J.J.J.JrJ‘JerJlJrJrJ‘**

faddihddhddhdhddihadhhdhiadhddhddhdhdhdewdd e trdcdetrdededededn

Element

E.G. Elev (m)
W.S. Elev (m)
crit W.s., (m)

* Max Chl opth (m)
= vel Total (m/s)

Flow Area (m2)
Froude # chl
specif Force (m3)
Hydr Depth (m)
wW.P. Total (m)
Conv. Total (m3/s)
Top width (m)
Frctn Loss (m)

C & E Loss (m)
Shear Total (N/m2)
Power Total (N/m §)

Page 6

2

*

PR

EL

s ok ok b

it
*
*

%

*Inside BR US
178.92

178.72
177.87

*Inside BR DS #
* 178.88 =
* 178.73 =
* 177.64 =
* 2.87 =
* 1.61 =
* 38.79 *
* 0.37 =
# 55.26 =
# 2.07 *
* 20.71 =
# 3671.7

# 18.73 =
b 0.00 *
® 0.00 *
k4 S . 34 k3
* .62 =

ol defededesedede deve e



dric.rep
CROSS SECTION

RIVER: Turkey Creek
REACH: Main RS: 8.6
INPUT
Description:
station Elevation Data num= 18
sta Elev sta Elev sta Elev Sta Elev Sta Elev
Rt R e e w e W fe el e et Ye N de e e e e e de de v e Ve dr e e e el e S e Ve e M Ve s e e de Ve e e e e e e e e w ke ko
0 182 125.33 182 133.85 181.5 139.252 179.5 140.572 177
141.87 176.5 145.27 176.06 145.87 175.86 147.87 175.86 148.47 176.06
151.87 176.5 152.973 177 156.487 177.1 159.275 179.5 161.948 180.5
166.14 181 170.386 181i.5 199.519 182
Manning's n values nums 3
sta n val sta n val sta n val
#*###*####ﬁ¢##**ﬁﬁﬂﬁ*#ﬁﬁ#ﬂﬁ#ﬁ#ﬁﬁ*#ﬁ##*ﬁ#ﬁi1niiii
0 .02 140.572 .017 152.973 .02
Bank sta: Left Right Lengths: Left channel Right coeff Ccontr. Expan.
140.572 152.973 3.943 3 4,798 .3 .5
CROSS SECTION OUTPUT Profile #100 ¥r
X L S T L L TEERETAL LS
* E.G. Elev (m} * 178.35 * Element *
* vel Head (m) = 0.10 * wt. n-val. *
* W.S. Elev (m) * 178.25 * Reach Len. (m) %
et w.s. (m) * * Flow Area {(m2) *
* E.G, Slope (m/m) *0 000253 * area {(m2) *
* Q Total (m3/s) 39.50 = fFlow {m3/s) *
* Top width (m) * 17.91 * Top width {(m) *
* yvel Total (m/s) * 1.32 # Avg. vel. {(m/s) *
* Max Ch1 Dpth (m) * 2.39 * Hydr. Depth (m) *
¥ %

* Conv. Total (m3/s)
* Length wtd. (m)

2482.2 * Conv. (m3/s)
3.18 * wetted Per. (m)

bosk sk

* min ch 1 (m) 175.86 * Shear (N/m2) *
* Alpha 1.12 * Stream Power {N/m s) *
* Frctn Loss (m) * 0.00 * cum volume (1000 m3) *

£
*

* € & E Loss (m) 0.01 * cum sA (1000 m2)

deeffedrdechdihe ek e fe ek e fe e e de e defedeNe S e G Se de Ve fede e de e vk e Ve fede e dr S he e v wfe Ve A

CROSS SECTION OUTPUT Profile #Regional

Fedededesedodedede desedededededodede dedededr dedede dede e dode Ao de dede de o de dede de de de e de e de de e de e de e de de 2 dede e de de g 2o de de e v Do de de G Ve ofe g de de Yo de de Yo Yo ve de de Yo e de Yo e ke ¥

* E.G. Elev (m) # 178.88 * Element * reft oB * channel * Right 0B =
* Vel Head (m} * 0.15 * wt. n-val. ® 0.020 = 0.017 = ¢.020 =
* W.S. Elev (m) * 178.73 * Reach Len. (m) ® 3.94 = 3.00 = 4,80 =
*Crit w.s. (m) ¥ * flow Area {(m2) * 0.79 * 30.53 = 7.47 =
* E.G. Slope {m/m) *0.000291 * Area (m2) * 0.79 = 30.53 =+ 7.47 *
* Q Total (m3/s) ¥ 62.60 * Flow (m3/s) * 0.37 = 54,88 * 7.3 *
* Top width (m) ¥ 18.73 * Top width {m) * 0.92 = 12.40 = 5.41 *
* vel Total (m/s) i 1.61 * avg. vel. {m/s) % 0.47 * 1.80 = 0D.98 =
* Max Chl ppth (m) * 2.87 % Hydr. Depth (m) # 0.87 = 2.46 * 1.38 ¢
* conv. Total (m3/s) * 3671.7 * conv. (m3/s) * 21.7 % 3218.8 = 431.2 ¢
* Length wtd. (m) ¥ 3.22 * wetted Per. (m) % 1.96 * 12.72 = 6.02 ¢
* Min ch E1 (m) * 3175.86 * shear (n/m2) * 1.15 * 6.84 * 3.54 ¢
“ Alpha * 1.13 * Stream Power (N/m s) * 0.54 = 12.29 = 3.48 *
* Frctn Loss {m) ¥ 0.00 * cum volume (1000 m3) * 1.20 * 2.09 * 1.31 ¢
* ¢ & E Loss {m) * 0.01 * cum SA {1000 m2) 0.81 = 0.81 = 0.86 =
e N e T e N e T A e e e e e e e e e e e e e Y R e e N e e e e N R R A e A R R e e S A
CROSS SECTICN
RIVER: Turkey Creeak
REACH: Main RS: 9.5
INPUT
pescription:
Station Elevation Data num= 14

sta Elev Sta Elev sta Elev Sta E1e Sta E1EV

0 182.5 358.964 182 &7.647 181.5 80.298 176 5 83 844 176.06

84.444 175.86 86.444 175.86 387.044 176.06

98.2 180 99.757 180.5 106.622 181.5 138.493
Manning's n values num= 3

Sta n val sta n val sta n val
SR e kA N A A A R e e e e AT ek de e e v e sk et e e dede e el

pPage 7

80.59

176.5 92.841
182

177.5



dric.rep

0 .02 80.298 .017 90.59 .02
Bank sta: Left Right Lengths: Left Channel Right coeff contr. Expan.
80.298 90,59 39.545 39.545 39.545 .1 .3

CROSS SECTION QUTPUT Profile #100

Frkkhdedhdhhddehhdhdihdedddehdeddehdedidi i dekidedededdede e dedededehtrhdevedede e didedededededededede N kv he R R LS LA i s

* ¢Channel * Right o8

* E.G. Elev {m) = 178.34 * glement =
* val Head (m) * 0.12 * wt. n-val. #* 0,017 * .020 =
* W.S. Elev (m) = 178.22 * Reach rLen. (m) * 39.55 = 39,55 =
*Crit w.s. (m) * * Flow Area (m2) * 21.22 3.31 =
* E.G. Slope (m/m) =0.000292 * area (m2) * 21.22 =~ 3.31 =
* qQ Total (m3/s) = 39.50 * Flow (m3/s) * 34.30 * 2.43 =
“ To? width (m) *  18.45 * Top wWidth (m) = 10,29 ~ 3.80
ki Total (m/s) * 1.40 =* Avg. vel. (m/s) * 1.62 = 0.73 =
* Max chl ppth (m) * 2.36 * Hydr, pepth (m) * 2.06 = 0.87 =
“ Conv. Total (m3/s) * 2309.8 * Conv. (m3/s) *  2005.9 * 141.9 =
* Length wrd. (m) *  39.53 % wetted Per. (m) * 10.41 4.17 =
* Min ch E1 {m) * 175.86 * Shear (N/m2) # * 5.84 = 2.28
* Alpha ¥ 1.20 * Stream Power (N/m 5) * * 9.45 * 1.67 *
* Frctn Loss (m) i 0.01 * Cum volume (31000 m3) * * 1.62 = 0.89 ~
* C & € Loss (m) ¥ 0.02 * Cum sa (1000 m2) * * 70" 0.73 =
T T L T R ey e e S A e A A AR S PP U A P

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION QUTPUT Profile #Regional

Vel Tkttt Rttt h Nt w kv Rk n A n R g ek drdr e e et e dedede e fide e Ve o e fe vt et fe e e e ke
* E.G. Elev {(m) * 178.88 * Element * Left o8B * channel * Right OB *
“* vel Head (m) = 0.17 = wt. n-val. *= 0,020 * 0.017 * 0.020 *
* W,5, Elev {(m) * 178.70 * Reach Len. (m) * 39.55 * 39.55 * 39.55 *
*orit W.s. (m) * * Flow Area (m2) * 6.13 = 26.15 * 5.38
* E.G. Slope (m/m) *0.000334 * Area (m2) ki 6.13 26.15 * 5.38 *
* Q Total (m3/s) * 62.60 * Flow (m3/s) * 5.69 * 51.94 = 4.96 =
* Top width (m) * 20.69 * Top width (m) * 5.57 * 10.29 = 4.83 =
“ vel] Total (m/s) * 1.66 * Avg. vel. (m/s) * 0.93 = 1.99 = ¢.92 =
* max chl ppth (m) # 2.84 * Hydr. Depth {(m) * 1.10 = 2.54 = 1.11 =~
* conv., Total {(m3/s) * 3425.3 * Conv. (m3/s) i 311.6 * 2842.2 * 271.4 =
* Length wtd. (m) i 39,55 * wetted Per. (m) * 5.99 * 10.41 = 5.31 *
* Min ch €1 (m) * 175.86 * shear (n/m2) * 3.35 «* 8.23 = 3.32 =
* Alpha # 1.24 * Stream Power {N/m s} * 3.11 ~* 16.34 = 3.06 *
* Frctn Loss (m) * 0.01 * Cum volume (1000 m3) * 1.18 2.01 = 1.28 =
f C & EfLos; (m) 0.03 * Cum SA (1000 m2) 0.80 0 77 * 0.83 *
edtdedededede e defede e hn h Ve kGt R o Rk hh LAt LLx FThE AL *

warning: The conveyance ratio {upstream convevance divided by downstream conveyance) is less than
¢.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION

RIVER: Turkey Creek

REACH: Main RS: 9.4
INPUT
Description:
Station Elevation Data num= 15
Sta Elev sta Elev s5ta Elev sta Elev Sta Elev

VR Rk hh vk hhwd bk b wkhh bk hh bkt hde e hd ik hd e d e de ek

0 182.5 22.451 182 30.035 181.5 50.694 176.5 57.847 176.06

58.447 175.86 60.447 175.86 61.047 176.06 68.2 176.5 77.642 180
80.038 180.5 84.157 181 86.382 181.5 87.423 182 124.022 182.5
Manning's n valiues num= 3
sta n val sta n val sta n val
Frhidrhddh N dhdrddehde e dedc o dededr e de s e de dede e de e Fe ke dede e de Ve e e fe fe
0 .02 50.694 017 68.2 .02
Bank sta: Left Right Lengths: Left channel Right coeff Contr. Expan.
50.694 68.2 3.308 3.678 4.068 1 .3
CROSS S ION OUTPUT Profile #100 yr
EE o 2 R A R A R TR R T R R L R e R E E E R R L L R R L R L
* E.G. Elev (m) * 178.31 * gElement #* Left 0B * channel * Right OB *
* yel Head (m) * 0.04 * wt. n-val. #= 0,020 * 0.017 * 0.020 ~
* W.5. Elev (m) * 178.27 * Reach Len. {m) * 3.31 = 3.68 ~* 4.07 *
* Cpit W.S. (m) * * Flow Area (m2) ® 6.47 * 36.06 * 4,23 *
* E.G. Slope (m/m) #0,000103 * Area {(m2) ¥ 6.47 ¥ 36.06 * 4,23 *
* Q Total {m3/s) * 39,50 * #low (m3/s) ¥ 2.96 * 34,65 * 1.89 =

Page 8
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* Top wWidth (m) * 29.59 * Top width (m) w 7.31 = 17.51 = 4.77 *
* vel Total {(m/s) * 0.84 = avg. vel. (m/s) * 0.46 * 0.96 0.45 =
* Max ¢hl ppth (m) * 2.41 * Hydr. Depth (m) * 0.88 2.06 = 0.88 =
* Conv. Total (m3/s) * 3900.9 * conv. (m3/s) * 292,70 3421.6 ¢ 186.6 =
* Length wtd. (m) * 3.67 * wetted Per. (m) * 7.52 * 17.60 ¥ 5.09 =
* Min ch g1 (m) * 175.86 * shear (N/m2) = 0.86 * 2.06 * 0.83 =
* Alpha * 1.17 * Stream Power (N/m s) * 0.40 = 1.98 = 0.37 *
* Frctn Loss (m} * 0.00 * Cum volume (1000 m3) * 0.62 * 0.49 * 0.74 =
* C & E Loss (m) = 0.00 * Cum sA (1000 m2) = * 22 = 56 ¥

B L S L LR L L L N L LA L L L]

CROSS SECTION QUTPUT Profile #Regional

Thhddhdhddddrhddchidedadddddehdendeddedededdeddededededede ettt didedihiddideh dede e dedediddedete e dedrdededrdede e de i dede et de e dedededededede

* E.G. Elev (m) * 178.84 * Element * Left 0B * cChannel * Right 0B *
* vel Head (m) # 0.06 * wt. n-val. * 0.020 =* 0,017 = 0.020 =
* W. 5. Elev {m) * 178,77 * Reach ren. (m) * 3.31 = 3.68 * 4,07 *
it W.s. (m) * * Flow Area (m2) * 10.68 * 44.8§8 =« 6.97 =
* E.G. Slope (m/m) *0.000114 * Area {(m2) * 10.68 * 44.88 * 6.97 =
* Q Total (m3/s) *  62.60 * Flow {m3/s) * 6.1 * 52.62 * 3.89 =
# Tog width {(m) * 33.03 * Top width (m) * 9.39 = 17.51 * 6.13 =~
# Total (m/s) * 1.00 * avg. vel. (m/s) * 0.57 = 1.17 * 0.56 =
* Max chl ppth {m) * 2.91 * Hydr. pepth (m) * 1.14 * 2.56 * 1.14 =
* Conv. Total (m3/s) * 5862.1 * conv. (m3/s) i 570.8 * 4927.4 * 363.8 *
* Length wtd. (m) * 3.67 * wetted Per. (m) * 9.67 * 17.60 * 6.54 =
* min ch E1 (m) * 175.86 * shear (N/m2) ¥ 1.24 * 2.85 ¥ 1.19 ¢
* Alpha * 1.20 * stream Power (N/m s) * 0.71 * 3,34 0.66 *
* Frctn Loss (m) * 0.00 * cum volume (1000 m3) * 0.85 0.60 * 1.03
* ¢ & E Loss (m) * 0.00 * cum sa (1000 m2) * 0.50 0.22 = 0.62 ¥
R R L k& L R R R A R L L L L e oL ey a0

CRO55 SECTION

RIVER: Turkey Creek

REACH: Main RS: 9.3
INPUT
Description:
Station Elevation Data num= 14
Sta Elev Sta Elev Sta Elev Sta Elev sta Elev
FRE RN R AR e de Ao Ve e e de e dede e de ot ot Ve sede e de e Ve de e de e v de de e o e W fe e e oo Ve e de Yo de de v de e e e e e e e Ve To e e Ve e de e e e oo
0 182.5 22.465 182 35.015 181.5 36.837 181 51.171 176.5
58.923 176.06 59.523 175.86 61.523 175.86 62.123 176.06 69.875 176.5
81.981 180.5 86.631 181 89.072 182 225.65 182.5
Manning's n values num= 3
sta  n val sta n val sta n val
Fededdededrdedetrdeiede Ve dede v deSe fe Ve Fede de e de Ve Ve Fe feSe LS de e de sk Sede de Fe Ve ke Yoo it
0 .02 51.171 .017 69.875 .02
Bank sSta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
51.171 69.875 3.308 5 4,166 .1 .3
CROSS SECTION QUTPUT Pr *Fﬂe #100 vy
Gtk hdhhhhthh itk ddoa i hlh -J-’-'-J-’-J-J-4-4-4-4¢4r4 dedededdedrde e dededekdeddd dodededededede

* E.G. Elev {m) % . * glement * Right QB *
* yvel Head {(m) # 0.04 * wt, n-val. 0.020 *
* W.S. Elev {m) * 178.27 * Rreach Len. {m) 4.17 =
*Crit w.s. {m) * * flow Area (m2) *
* E.G. Slope (m/m) *3.000094 * area (m2) *
* Q Total (m3/s) # 39.50 * rlow (m3/s) *
* Toq width (m} #= 29,710 % Top width (m) *
# Total {m/s) # 0.82 #* avg. vel. (m/s) * *
* Max Ch1l Dpth (m) # 2.41 * Hydr. Depth (m) % *
* Conv. Total {m3/s) *  4084.4 * conv. (m3/s) * *
* Length wtd. (m) . * wWetted Per. (m} * *
= wmin Ch el {m) * shear (N/m2) ¥ ®

* Alpha
* Frctn Loss (m)
* C & E Loss (m)

B U R e i A A A M A Y

stream Power (N/m s) *
f Cum Volume (1000 m3) *

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is Tess than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION OUTPUT Profile #Regional

PN R AT AN A AN AN AT N A AR AN A AN AL AL AT h Ak hhh b it ah hh b h kbt v b b w Sk ki k

* E.G. Elev (m) * 178.83 * Element * Left 08 * cChannel * Right 08B *
* vel Head (m) * 0.06 * wt., n-val, * 0,020 * 0.017 * 0.020 =
* W. 5. Elev (m) * 178.78 * Reach ren. (m) ® 3.31 =¥ 5.00 = 4,17 *

Page 9
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* crit w.s. (m) * * Flow area {(m2) * 8.25 * 47,91 * 7.84
* E.G. Slope (m/m) *0.000105 * area (m2) * 8.25 * 47,91 ¥ 7.84 «
* q Total (m3/s) *  §2.60 * Flow (m3/s) * 4.47 * 53,90 * 4,23 %
* To? width (m) * 32.84 * Top width (m) * 7.25 * 18.70 * 6.89
* Total (m/s) * 0.98 * avg. vel. {m/s) * 0.54 = 1.13 = 0.54
* Max Chl ppth (m) * 2.92 * Hydr. Depth (m) * 1.14 = 2.56 * 1.14 =
* Conv. Total (m3/s) = 6107.2 * conv. (m3/s) * 435.8 * G5258.7 * 412.7 *
* tength wtd. (m) * 4,45 * wetted Per. (m) * 7.60 = 18.79 * 7.25 *
* Min Ch E1 (m) * 175.86 * shear (N/m2) * 1.12 = 2.63 = 1.11 =
* Alpha = 1.18 * stream Power {(N/m s) * 0.61L * 2.96 * 0.60 =
* Frctn Loss (m) * 0.00 * cum volume (1000 m3) * 0.82 = 0.43 * 1.060 =
* C & E Loss (m) * 0.00 * cum SA {1000 m2) * 0.47 * 0.16 = 0.59 =
e e e e e e e e e de e N e R R A R A R A R N R R RN A R R R Ak kR A R R A ARt S AR A AT h ATk,

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than
7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION

RIVER: Turkey Creek

REACH: Main RS: 9.2
INPUT
Description:
Station Elevation Data num= 28
Sta Elev sta Elev Sta Elev sta Elev sSta Elev
RS R TR R AR IRV S R AR TR R i R TR R T S IR A TR R R R R S R A R R A e R R R G AR R ST R R R T R R A R
0 182 12.725 181.5 14.44 181 16.148 i80.5 17.868 180
19.579 179.5 21.223 179 22.754 178.5 24.249 178 25.742 177.5
27.224 177 28.735 176.5 36.975 176.06 37.575 175.86 39.575 175.86
40.175 176.06 48.415 176.5 49.851 177 51.275 177.5 52.723 178
54.188 178.5 55.665 179 57.16 179.5 58.63 180 60.657 180.5
65.963 181 67.032 181.5 68.12 182
Manning's n values num= 3
sta n val sta n val sta n val
o de v o de Yo 2 e do de de de de e de de de e e e e Yo Yo S S de Yo e Ve e Ve e Yo Yo se Yo Y vt e Yo de Yo Zede Yo ke de ¥e
0 .03 36.975 017 40,175 .03
Bank sta: Left Right Lengths: Left Channel right Coeff Contr. Expan.
36.975 40.175 30.4 31.81 33.814 1 .3
CROSS SECTION OUTPUT profile #100 y
T S L o c'k1‘::’:f:*x’ran‘ls‘cf:s‘u‘n’:“r'fc':‘fw?H’(f:snn’rww"c*x’r’c** NN AN RN AN RN RV TN RN R R R e Tk A kv A
* E.G. Elev (m) * 178.31 * Element * peft OB * Channel * Right OB *
* vel Head {(m) * 0.05 * wt. n-val. * 0.030 = 0.017 * Q30 %
* W.5. Elev (m) = 178.26 * Reach Len. (m) * 30.40 = 31.81 33.81 =
* Crit W.s. (m) * * Flow Area (m2) * 20.91 = 7.55 = 20,71 *
* E.G. Slope (m/m) *0.000229 * Area (m2) * 20.91 = 7.55 * 20.71 =*
* @ Total (m3/s) * 39.50 * Flow (m3/s) * 13,92 ~+ 11.75 = 13.83 =
* Top wWidth (m) * 29.99 * Top width (m) * 13.49 ~* 3.20 = 13.30 =
* vel Total (m/s) * 0.80 * avg. vel. (m/s) * 0.67 * 1.56 =* 0.67 *
* Max Chl ppth (m) * 2.40 * Hydr. Depth (m) = .55 % 2.36 * 1.56
* conv., Total (m3/s) * 2609.6 * conv. {m3/s) * 919 8 * 776.3 * 913.5
* Length wtd. (m) * 32,03 * wetted Per, {m) = 13,79 * 3.26 * 13.61
* Min ch E1T (m) * 175.86 * shear (N/m2) = 3,41 = 5.19 * 3.42
* Alpha * 1.60 * stream Power (N/m s) = 2.27 % . # 2.28
* Fretn Loss (m) * 0.01 * cum volume (1000 m3) * 0.55 = 0.67
* ¢ & E Loss (m) * 0.00 * cum sA (1000 m2) * 0.38 = 0.30
Pk R ol R R R R A R I R TR R R R AR R R R B R R R T R SR R R CR e S TR R R P TR R TR R R AR R R R R R R L X R R
CROSS SECTION OUTPUT Prof11e #Regional
PR R R R R R R R R T R R R R R R TR R R R R SR R R P R TR R R TR R R R R R R R R R TR R R
* g£.G. Elev (m) * 178.83 * Element * Left 0B
* vel Head (m) * 0.08 * wt. n-val. * 0.030
* W.5. Elev (m) * 178.76 * Reach Len. (m) * 30.40
* Crit wW.s. (m) * * Flow Area (m2) * 28.02
* £.G. Stope (m/m) *0.000265 * Area (m2) * 28.02
% @ Total (m3/s) w 62.60 ¥ Flow (m3/s) * 22.69
¥ Top width {m) kK 32.97 * Top width (m) * 15.00 =
* yvel Total {m/s) * 0.96 * Avg. vel. (m/s) * 0.81 *
* Max Chl Dpth (m) * 2.90 * nHydr. Depth (m) * 1.87 =
* Cconv. Total (m3/s) * 3843.1 * Conv. (m3/s) * 1392.8 E
* Length wtd. (m) * 32.07 * wetted Per. (m) * 15.38 = E
* Min ¢ch E1 (m) * 175.86 * shear (N/m2} * 4.74 = 4.76 -
* Alpha * 1.59 * stream Power (N/m s) ¥ 3.84 * 3.86 *
* Fretn Loss (m) * 0.01 * Cum volume (1000 m3) * 0.76 * 0.93 =
* C & E Loss (m) # 0.00 * Cum SA (1000 m2) * 0.44 * 0.55 *

LR T E TR L R T L B T R R R R A A
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CROSS SECTION

RIVER: Turkey Creek
REACH: Main RS: 9.1
INPUT
pescription:
Sstation Elevation Data num= 29
Sta Elev sta Elev 5ta Elev Sta Elev sta Elev
Lkttt ket e de et e dede Ve de e Ve e he e fe i ddedeh de e dede e drdedede e o dededrdedevr Ve e e Ve defe Sede e de Yo e vede e e S de e
0 181.5 84.335 181.5 89.24 181 91.04 180.5 92.826 180
94.617 179.5 96.484 179 98.345 178.5 100.173 178 101.97 177.5
103.725 177 106.858 176.5 111.217 176.06 111.817 175.86 113.817 175.86
114.417 176.06 118.776  176.5 122.227 177 125.249  177.5 130.295 178
131.458 178.5 132.634 179 133.814 179.5 134,997 180 136.182 180.5
142.388 181 143.457  181.5 144,535 182 251.616 182
Manning's n values num= 3
sta n val sta n val $ta n val
Whedesede v de Ve defevede vt hdedrdede b de b At h b h i ak
¢ .03 111.217 .017 114.417 .03
Bank Sta: Left Right tengths: Left Channel Right Coeff Contr. Expan.
111,217 114.417 0 0 0 .1 .3
CROSS SECTION oUTPUT Profile #100 yr
TrkA e hh ATk A he de A TR e e e R el e e e et e W e Tk Y e K et A et e e e e Vet e e W e e e e e e Ve e v e de de de e e
* £.G. Elev (m) * 178.30 * Element * Left 0B * cChannel * Right OB *
* vel Head (m) * 0.09 * wt. n-val. *  0.030 * 0.017 * 0.030 *
* w.s5. Elev (m) * 178.21 * Reach Len. (m) = * * *
*Crit wW.s. (m) * 177.38 * Flow Area (m2) = 15.54 = 7.39 = 18.67 =
* £.G. Slope {(m/m) *0.000375 * Area (m2) * 15.54 = 7.39 = 18.67 =
* q Total (m3/s) * 39.50 * fFlow (m3/s5) * 11,90 * 14,52 * 13.08 =
* To€ width (m) * 31.36 * Top width (m) % 11.80 3.20 16.36 =
* vel Total (m/s) ¥ 0.95 * Avg. vel. (m/s) * 0.77 1.96 * 0.70 =
* Max Chl ppth (m) * 2.35 * Hydr. Depth (m) i 1.32 = 2.31 =% 1.14 =
* Conv., Total (m3/s) * 2038.5 * conv. (m3/s) # 614.4 * 749.2 =  £75,0 *
* Length wtd., (m) * * wetted per. {m) * 0 12.03 * 3.26 ¢ 16.52 =
* min Ch E1 (m) * 175.86 * Shear (N/m2) # 4.76 * 8.33 * 4,16 *
* Alpha * 1.95 * stream Power {N/m s) ¥ 3.64 * 16.37 = 2.91 =
* Frctn Loss {m) ¥ * cum volume (1000 m3) * ¥ ¥ d
* C & E Loss {m) ¥ * Cum SA (1000 m2) * * i kd
R A R e RN T R T N N Rl R A A A A A A A A I A A A A S A S A R R A R R NN N AR N RS A AR AR A kRN

CROSS SECTION ouTPUT Profile #Regional

FeRwh AN ThSh b rhh b d TN bt LS hd N AN nh ANk hwhhahhhhhhhhhuhrhathnh R n
* E.G. Elev (m) * 178.82 * Element * Left o8 * channel * Right o8 *
* el Head (m) * 0.11 * wt. n-val. * 0.030 ~* 0.017 = .030 =
* W.5. Elev (m) * 178.71 * Reach Len. (m) * * * *
* Crit w.s. (m) = 177.71 * Flow Area (m2) * 21,94 = 9.00 * 27,19 =
* E.G. Slope {m/m) *0.000375 * Area (m2) *21.94 % 9.00 = 27.19 =
* Q Total (m3/s) *  62.60 * Flow (m3/s} * 19,16 * 20,16 * 23,29 *
* Top width (m) * 34,39 * Top width (m) * 13.65 * 3.20 * 17.53 *
* vel Total (m/s} ¥ 1.08 * avg. vel. (m/s) * 0.87 = 2.24 % 0.86 =
* Max Ch1 ppth (m) ¥ 2.85 #* pydr. pepth (m) * 1.61 * 2.81 = 1.55 ~
* Conv. Total (m3/s) * 3231.8 # conv. (m3/s) * 0989,1 * 1040.6 *~ 1202.2 *
* Length wtd. (m} * * wetted per. (m) * 13,95 * 3.26 * 17.80 =
* Min Ch E1 (m) * 175.86 * shear (N/md) * 5.79 = 10.14 = 5.62 =
* Alpha w 1.83 #* sStream pPower {N/m s) * 5.05 =% 22.71  * 4.81
* Frectn Loss {m) * * cum volume (1000 m3) * ki ¥ #
* C & E Loss {m) * * cum SA (1000 m2) * * % =
drdk ke e e e e de e e e N de e A d e dede v dede Ve e dedide e ke dedrdededod dedede e de dede Yo et deNe de e e e Sr S de Yo e Ve e fe Ve e de Ve e Ve e Do de L e de fr e
Anhdhk b E Ak e et Yo e e e Yo de Yo Ko fede dede e de e Ve de e de Ve dn S de e e e B e e de S e it

SUMMARY OF MANNING'S N VALUES

River:Turkey Creek

Fendodedod ot Tk Ao dok el Ve il ekt dede et e il e e e e ke dde e M e e A

reach * River Sta. * nl ¥ n2 * n3 *

Fewdddhdwtdhdhd b hd b il it ek Aok de ok dedede e dede oot de dndnde e e e e ek

*Main * 10 * .03* L017%* .03%
*Main # 9.9 * .03* .Q17+* L03%
“Main 9.8 * .03* QL7* L03%
“Main ¥ 9.7 * .02* L017* .g2*
“Main * 9.65 *gridge * * *

*Main = 9.6 ¥ L02% L017* L02%
*Main * g.5 * L02% L017* .02%
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*Main * . * L02% .017*
*Main * . = 02¥ .017%
ks

.017¥%
L017%

*Main
*Main *

Fxdedcktendedeekdddedtededfe

9.4

9.3

9.2 *
9.1 :
EE T

SUMMARY OF REACH LENGTHS
River: Turkey Creek

Fe 9 A dekdedededmdedhdedcdedeiedevedtve e tihe e hd Wl A A h A v R R L L

River sta. *  Left

2,

% Reach *

.

Channel *

Fkdeidededehdekde e dedoqede e dedete e ferve e e et SN L AN L L A n L T nn LN LA hNhL

*Main * 10 *  207.817%
*Main * *  104.462%
*Main * 24.356%*
*Main
*Main
*Main
*Main
“*Main
*Main 2
*Main 2
*Main *

R A i ke dedrde ke dede e dedi e fe

210.778*
100.685*
24.248*
35.414=*
3.943* 3=
39.545%
3.678*

5..
31.81*
0=

w1
0w
w
-3
o
o
Lu]
D
*

F ADAD D WO D WD OO WO WD

.

NG BRI 00WD
bl

Tdrhidhhfhhu

R R A AR AN AREWENNRNANR UGN R RS hh R hh ek dh ek h okt dhhdhddedededdededodededefedededede dede e fe oo detr et e 2 ke

SQMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: Turkey Creek

B e e R R e R e e R

"
ok

+
*
g

.
E
o+

)
*
*
it

e R T R R
2

* reach *  River sta. * contr Expan. ¥
LR (b o R R R R R R o
*Main * 0 * LAx .3*
“Main * . * i L3%
*Main * . < Ay .3%
*Main * . # . 3% . 5%
*Main ki3 2 E

L%
»
w
s
e
j=3
{e]
44
W
£

*Main £
“Main ¥
*Main *

DWW WWWPIWDWWOE
PNWwhUoOY 0D

f:Ma-l' n “ ) v 1% . 3*
T:Ma-l'n 2 . & .1'& _3*
*Main = . * L1¥ 3%
LR e e R R e R T R R R R s
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.02%
.02%
.03
.03

LA o e A S R R R TR

A R e N e R T R S N R A A A N E R A RN LU RN LN TR SRR NN G R e A A a N ha

Right *
Al
216.406%
96.329%
24 .356*
35.414~*

4.798*
39.545*
4.068~
4.166%
33.814*

ddidedeindeddehdedrdede rdede e eV dedeNe e dr bt i
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HEC-RAS version 3.1.3 May 2005
u.Ss. Army Corp of Engineers
Hydrologic Engineering Center
609 second Street
Davis, California
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Fededfe A o de dodr v Aol d de o e do de do e S e dodode I S e e e el e do s e de ot e e e de e de Yol e e e de e e e dode e Yok e de el de e e e o de de e

PROJECT DATA

Project Title: Turkey River

Project File : dric.prj

Run Date and Time: 15/11/2006 2:55:20 PM

Project in SI units
R AR L L R R A S R R iR R R R R A R R R R o R A S A R R
PLAN DATA

Plan Title: Plan 36 .
Plan File : o:\DRIC\19_ waterResources\hec\dric.p36

Geometry Title: proposed .
Geometry File : 0:\DRIC\19_waterResources\hec\dric.g02

Flow Title : Flow 01
Flow File : 0:\DRIC\19_waterresources\hec\dric.f0l

plan Summary Information:

Number of: Cross Sections
culverts
Bridges

10 Multiple Openings
0 Inline Structures
2 Lateral Structures

n oo

L T}
Q00D

Computational Information
water surface calculation tolerance
critical depth calculation tolerance
maximum number of iterations
maximum difference tolerance
Flow toierance factor

0.003
0.003
20

0.1
0.001

Computation Options
Critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Subcritical Flow

Ahhhthh b Ah A ha kbt whdhahhhh kAt h A h bk hah ok hhwhhahnd bk v d ki

Flow Title: Flow 01 .
Fiow File : 0:\DRIC\19_waterRescurces\hec\dric.f0l

Flow Data (m3/s)

YedevedededededededevedededeNesehe e dededede et dedededrdede Ak dedededehdrdetrdededehdrdedehde ke w e ddctedede e wdd

Fdevededrdededrdedeneded

* River Reach RS i 100 yr Regional
* TJurkey cCreek Main 10 % 39.5 62

LRt R R A R T At R R SR R e R R R R R R SRR o R R AR R G SR SRR LR LR AR R LR S R L R R

EL

Boundary Conditions

A A TR R R R R R R T R R AT R R VR TR RV TR A PR R SR A U oh SR U R R T R A R o SR SRR O o SR TR S i SR R R S SRR SRR R RV R T RS R G R R SR R TR R VR A R R SRS R T
L3
I - .
* River Reach profile * Upstream Downstream
Nkt hhhdh N a SN d vt hhd b hhd bk whdhadh S hdedhhd i e hd itk ke drdede i

¥

f Turkey Creek Main 100 yr * Normal § = 0.000375
rPage 1
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L1g

. . .
* Turkey Creek Main Regional Normal S = 0.000375
E

Tndhdhidrwhdehideh et Fh bt udh R hdhd R ilk ikt ddhdd bttt ddehde v dete e vevededehde R AT uE LB N
E

B R R ol o R e R L T R R R R L R et L L]

GECMETRY DATA

Geometry Title: proposed
Geometry File @ o:\DRIC\19_waterrResources\hec\dric.g02

CROSS SECTION

RIVER: Turkey Creek

REACH: Main RS: 10
INPUT
Description:
station Elevation Data num= 30
Sta Elev sta Elev Sta Elev Sta Elev sta Elev
EC R o SR T R TR TR R TR S A TR R g o R S R R R R TV R R (R R R R T T R TR T R R R R
0 183 76.736 183 99.766 182.5 101.278 182 102.644 18:.5
104.01 181 105.363 180.5 106.485 180 107.607 179.5 108.729 179
109.851 178.5 110.973 178 112.095 177.5 113,217 177 116.947 176.56
1i7.547 176.36 119.547 176.36 120.147 176.56 123.877 177 124.941 177.5
126.005 178 127.069 178.5 128.133 179 129.197 179.5 130.261 180
131.624 180.5 132.798 181 134.684 181.5 136.554 182 264.86  182.5
Manning's n values nums= 3
sta n val Sta n val sta n val
whhddeddidddrhidedededede el AT b A AR T A AN AT AN TR R Ve i
0 .03 116.947 .017 120.147 .03
Bank sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
116.947 120.147 207.817 210.778 216.406 W1 .3

CROSS SECTION OUTPUT Profile #100 yr

E o R R R R R i g e o e R o R A o R T R R X B R L 4
* E.G. Elev (m) * 178.60 * Element * Left OB * cChannel * Right OB *
* yvel Head (m) w 0.34 * wt. n-val. * 0.030 = 0.017 * 030
* wW.5, Elev (m) * 178.26 * Reach Len., (m) * 207.82 * 210.78 * 216.41 *
* Crit W.5. (m) * * Flow Area (m2) # 7.29 5.95 * 7.20 *
* E.G. Slope {m/m) *G.001477 * Area (m2) * 7.29 * 5.95 = 7.20 *
* Q Total {(m3/s) * 39.50 * Flow (m3/s) * 9.74 *~ 20,10 * 9.66 *
* Toq width (m) * 16.16 * Top wWidth (m) * 6.55 * 3.20 * 6.41 ~
* vel Total (m/s) * 1.93 * Avg. vel. (m/s) * 1.34 = 3.38 1.34 -~
* Mmax chl ppth (m) * 1.90 * Hydr. Depth {m) * 1.11 = 1.86 = i,12 =
* Conv. Total (m3/s) * 1027.7 * Conv. {m3/s) * 253.4 % 522.9 * 251.4 ¢
* Length wtd. (m) * 211.45 * wetted Per. {m) * 6.85 * 3.26 * 6.71L =
* Min ch ET (m) * 176.36 * Shear (N/m2) * 15.43 * 26.42 * 15,83 «*
* Alpha ® 1.79 * Stream Power (N/m 5) * 20.61 = 89.18 + 20.85
¥ Frcth Loss (m)} * 0.23 * cum volume (1000 m3) * 2.69 = 6.60 * 2.87
* € & E Loss (m) % 0.03 * cum sA (1000 m2) i 2.28 = 2.51 * .58 =
TR NN SR A AN dhdedrdhdedfe e de e i ny Tl m kiR T Nt e e e e R e e e e ek e de ke dedede e de e e

CROSS SECTION QUTPUT Profile #Regional

LR LA TSR e R i o R R R R R R R R e R R R R R R R R R R A R AR R B R T L L k]

* E.G. Elev {m) * 179.19 = Element * teft oB * cChannel * Right OB *
* vel Head (m) * 0.43 * wt. n-val. * 0,030 * 0.017 * 0,030 =
* W.5. Elev {m) * 178.76 * Reach Len. {m) * 207.82 * 210.78 * 216.41 *
*Crit W.s. {m) % * Flow Area (m2) ki 10.85 =* 7.56 = 10.67 =
* E.G6. Slope (m/m) *0.,001435 * Area (m2) * 10,85 * 7.5 * 10.67 =
* g Total (m3/s) ¥ 62.60 * Flow (m3/s) * 16.68 ~* 29.45 = 16.47 =
* Top width (m) * 18.35 * Top wWidth (m) * 7.68 * 3.20 = 7.47 =
* vel Total {(m/s) = 2.15 ¥ avg. vel. (m/s) * 1.54 = 3.0 = 1.54 =
* Max ¢Chl opth (m) * 2.40 ¥ Hydr. Depth (m) * 1,41 =+ 2.36 * 1.43

* Conv. Total (m3/s) * 1652.8 * Conv. (m3/s) * 440.3 * 777.6 = 434.9 =
* Length wtd. (m) * 211.50 * wetted Per. (m) * 8.08 = 3.26 * 7.89 =
* Min ch €1 (m) * 176.36 * shear (N/m2) * 18,90 * 32.5%6 * 19.02 ~*
* Alpha b 1.81 * Stream Power (N/m s) * 29.05 * 126,90 * 29,37 *
* Frctn Loss (m) b 0.24 * Cum volume (1000 m3) = 3.92 = 7.83 * 4,25 *
* C & E Loss (m) * 0.03 * Cum 5A (1000 m2) * 2.69 * 2.51 * 3.01 *

b

W R R R A e e et e e e e e R e e R R R A T S R AN R RN SN NN RN U AR NN Rk kAN A kG N

CROSS SECTION

RIVER: Turkey Creek
Page 2
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REACH: Main RS: 9.9
INPUT
pescription:
station Elevation Data num= 32
Elev sta Elev 5ta Elev sta Elev Sta Elev
Fedrdededr e de e dede Ao et e vrdr e e Mo ke Ve fr fr e e de A Ve e Ne fe N fe e Ve T h Qe A Sk A At Rkttt h Rk Ak
0 182.5 120.028 182.5 136.616 182 137.952 181.5 139.286 181
140.62 180.5 141.772 180 142.859 179.5 143.941 179 145.023 178.5
146.105 178 147.187 177.5 148.269 177 149.351 176.5 152.673 176.06
153.273 175.86 155.273 175.86 155.873 176.06 159.195 176.5 160.399 177
161.603 177.5 162.805 178 164.002 178.5 165.197 179 166.39 179.5
167.992 180 169.998 180.5 172.048 181 174.284  181.5 180.916 182
191.253 182.5 277.679 183
Manning's n vaiues aum= 3
sta n val sta n val Sta n val
fEAH A TN A A hdh bbb ddddindeh S ddede e deddedededededevedede ek
0 .03 152.673 .017 155.873 .03
Bank sta: Left Right Lengths; Left Channel Right coeff Contr. Expan.
152.673 155.873 104.462 100.685 96.329 .1 .3
CROSS SECTION QUTPUT Profile #100 yr
HwRRwR N AR AR LN A ANk hhh kA hhhdha ke hd ki hhwth bkt ke de e e dededdede ke
* E.G. Elev (m) * 178.34 * Element * Left 0B * cChannel * Right QB *
% vel Head (m) ¥ 0.23 * wt. n-val. * 0.030 * 0.017 = 0.030 =*
* w.S. Elev (m) * 178.11 ¥ Reach Len. {m) * 104.46 * 100.68 * 96.33 ~*
# Crit w.S. (m) * * Flow area (m2) ¥ 8.86 7.07 * 9.18 *
% E.G. Sltope {(m/m) *0.000814 * Area (m2) ¥ 8.86 * 7.07 * 9,18 *
* g Total (m3/s) * 39.50 * Flow (m3/s) * 9.70 * 19.85 * 9,95 ~«
* Tog width (m) * 17.19 * Top width (m) # 6.80 3,20 7.19 *
* vel Total (m/s) * 1.57 #* avg. vel. (m/s) * 1.09 * 2.81 * 1.08
* Max Chl ppth (m) * 2.25 * Hydr. Depth (m) * 1.30 = 2.21 * 1.28 =
* Conv. Total (m3/s) * 1384.8 * Conv. (m3/s) * 339.9 = 696.1 = 348.8 =
#* Length wtd. (m) * 100.47 * wetted Per. (m) ¥ 7.18 = 3.26 * 7.54 =
* min c¢h ET (m) * 175.86 * shear (N/m2) ¥ 9.85 =~ 17.28 * 9.71 =
* Alpha 1.84 * Stream power (N/m s) * 10,77 * 48.52 * 10.53 ~*
* gFrcth Loss (m) * 0.11 * Ccum volume {1000 m3) * 1.01 = 5.23 ~* 1.10 ~*
* C & E Loss {m) * 0.01 * Cum sA (1000 m2) * 0.90 = 1.84 = 1.11 =
Thfek N fe R RN AN LA A kv hhddhhk btk ki ki hdc ket dedede e de e de et dededrdede ke e
CROSS SECTION OUTPUT pProfile #Regional
TRkt A S h R T wd A d N R RN N e e YN e e e e de v Ao e e fe e R dede e el S W e e Mo de Ve e e W e de e e fe et e R R e e ek A v ek ek
* E.G. Elev (m) * 178.92 * £lement * Left OB * channel * Right 0B *
* vel Head (m) * 0.32 * wt. n-val, * 0.030 * 0.017 * .030 *
* W.5. Elev (m) * 178.59 * Reach Len. (m) * 104.46 * 100.68 * 96.33
* Ccrit W.s. (m) * * Flow Area (m2) * 12.43 = 8.63 * 12.96 *
* E.G. SJope {m/m) *0.000916 * aArea (m2) * 12.43 * 8.63 * 12.96 =
* q Total (m3/s) *  62.60 * Flow {(m3/s) * 16.35 * 29.34 16.91 =
# TO? width (m) * 19,40 * Top width (m) * 7.85 * 3.20 = 8.35 *
* vel Total (m/s) w 1.84 * avg. vel. (m/s) i 1.32 = 3.40 = 1.31 =
* max Chl opth (m) * 2.73 * Hydr. pepth (m) * 1.58 ~ 2.70 * 1.55 =+
* conv., Total (m3/s) * 2068.9 * Conv. (m3/s) * 540.2 * 969.7 = 558.9 =
* Length wed, (m) * 100.39 * wetted Per. (m) * 8.34 =+ 3.26 = 8.80 *
“# wMin ch 1 (M) * 175.86 * shear (N/m2) * 13,37 o~ 23.72 = 13.22 *
* aAlpha ¥ 1.87 * Stream Power (N/m s) * 17,60 * 80.69 =* 17.26 =
* Frein Loss {m) * 0.11 * Cum volume (1000 m3) * 1.50 = 6.12 * 1.69 =
* C & E 1055 {(m) * 0.01 * cum SA (1000 m2) * 1.08 = 1.84 1.30 =

Fetedetrdedosrdodededededededodr dedede dede de e de e g de B de e de e G G e e Y B B e R A e A R N T T A R N R R A A A R AN AR AN S R AN LA R AN TR

CROSS SECTION

RIVER: Turkey Creek

REACH: Main RS: 9.8
INPUT
Description: Us of Huren Church Road
station glevation Data num=
Sta Elev sta Elev Sta Elev sta Elev sta Elev
B A LT L R e L L AR AR e T T L T
0 182.5 37.489 182 45.643 181.5 47.136 181 48.636  180.5
50.024 180 51.1  179.5 52.174 179 53.246 178.5 54.316 178

55.384  177.5 56.451 177 57.519 176.5 60.347 176.06 60.947 175.86
62.947 175,86 63.547 176.06 66.375 176.5 67.488 177  71.05 177.5

72.19 178 73.33 178.5 74.472 179 75.609 179.5 76.733 180
77.849  180.5 94.858 181 118.672  181.5 142.126 182 143.791 182.5

Manning's n values num= 3
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dric.rep

Sta n val Sta n val sta n val
Rhddehdhhiihrdhdhattahht ittt ifhdendhhledekd ik
0 .03 60.347 .07 63,547 .03
8ank sta: Left Right Ltengths: teft channel Right coeff contr. Expan.
60.347 63.547 24.356 24.248 24.356

CROSS SECTION OUTPUT Profile #100 yr.

Frdetedededodededededede i de et dedr oS e dr e ek S n AN Sddradrddeddede vk vde e el ko ki whhk

* E.G, Elev (m) * 178.22 * Element * Left oB * channel * Right 08 *

* vel Head (m) * 0.36 * wt. n-val. * 0.030 * 0,017 = .030 *
* W.5, glev (m) * 177.86 * Reach Len. (m) *  24.36 % 24,25 * 24,36 *
ot W.S. (m) * Flow Area (m2) * 6.45 * 6.28 = 8.03 =
* E.G. Slope (m/m) *O 001411 * Area (m2) = 6.45 * 6.28 * 8.03 =
= Q Total {(m3/s) 39.50 * Flow (m3/s) * 8.40 *  21.47 * 9.62 *
* Top width (m) * 17.26 * Top width (m) * 5.73 * 3.20 * 8.33 =
* vel Total (m/s) * 1.90 * avg. vel. (m/s) ® 1.30 = 3.42 * 1.20 *
% dax ¢chl ppth (m) * 2.00 * Hydr. bepth {m) * 1.12 = 1.96 * 0.96 *
= Conv. Total (m3/s) * 1051.7 * Conv. {m3/s) * 223.7 * 571.7 *  256.2 *
* Length wtd. (m) * 24,27 * wetted Per. {m) * 6.07 = 3.26 * 8.58 =
% Min ch ET (m) = 175.86 * shear (N/m2) * 14,69 *  26.62 12.95 *
* Alpha G 1.95 * Stream Power (N/m s} * 19.15 = 90.98 15.52 =
* Frctn Loss (m) # 0.02 * cum volume (1000 m3) * 0.21 = 4.55 0.27 *
* C & E Loss (m}) * 0.07 * Cum SA (1000 m2) * 0.24 0.36 *
FeRAWN R RN AR AR AT N AL L A b T a b bt de i d e de et dede e e e h e fede ke h N n v hemh b v h L n s s kAN N LTSRN N

warning: The velocity head has changed by more than 0.5 ¥t (0.35 m). This may indicate the
additional cross sections.

need for

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than

0.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION QUTPUT Profile #Regiocnal

dededvedr R kR ARkt Akt ra Rk d ko didkdede v R le Rk Ve vV Ve e e dedr e Ve de e e de ok Wk Rt b et do e e e drk e e dode de ke deded e ke dede v de

* E.G. Elev (m) * 178.80 * Element * Left OB * cChannel * right OB *
* vel Head (m) * 0.42 * wt. n-val. * 0,030 * 0.017 * 0.030 *
* w.,5. Elev (m) * 178.37 * Reach Len. (m) * 24,36 % 24,25 * 24,36 *
*Crit w.s. {(m) ¥ * Flow Area (m2) * 9.67 * 7.92 * 12.60 *
* E.G. Slope (m/m) *(,001315 * Area (m2)} * 9.67 * 7.92 ¥ 12.60 *
* qQ Total (m3/s) * 62.60 * Flow (m3/s) = 14.12 = 30.53 * 17.95 *
v To? width {m) * 19.53 * Top width (m) ® 6.83 = 3.20 = 9.50 ¥
* Total {m/s) * 2.07 * avg. vel. (m/s) ¥ 1.46 * 3.85 = 1.42 *
* Max chl pbpth (m) * 2.51 * Hydr. pepth (m) # 1.42 2.48 * 1.33 =
* Conv. Total (m3/s) * 1726.3 * conv. (m3/s) # 389.5 ~* 841.9 = 494.9 *
* Length wrd. (m) # 24.28 * wetted Per. (m) * 7.28 = 3.26 = 9.85 ~*
* Min ch ET (m) * 175.86 * shear (N/m2) = 17,13 *  3%1.30 * 16.49 ~*
* alpha ® 1.93 * Stream Power (N/m s) * 25.01 % 120.57 ~* 23.49 =
* Frctn Loss {m) * 0.02 * cum volume {1000 m3) * 0.34 = 5.29 * 0.46 =
* C & E Loss (m) * 0.06 * Cum SA (1000 m2) * 0.31 = 1.52 = 0.44 =

B RS R e g A ]

B

R A R R A TR R S R R R R A TR T R e R I R SR R i R ]

warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the
additional cross sections.

need for

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than
0

7 or greater than 1.4. This may indicate the need for additional cross sections.

CROS5S SECTION

RIVER: Turkey Creek

REACH: Main RS: 9.7
INPUT
pescription: DS of Huron church Road
station Elevation Data num= 13
sta Elev sta Elev Sta Elev Sta Elev sta Elev
Fededede e e e e e e e N e G A R L A A A Nt T R N AR L AN RN TN TN LN N RS RN ek kA R e a Ak hh
0 182 135.597 182 140.617 181.5 146.159 178.5 146.159 176.5
151.177 176.06 151.777 175.86 153.777 175.86 154.377 176.06 159.395 176.5
159.395 178.5 165.459 181.5 235.174 182
Manning's n values num= 3
sta n val Sta n val sta n val
Wl R R e Rt N R A A A A AN N E Ak ke e de e e de et de v
o] .02 146.159 .017 159.395 .02
Bank sta: Left Right Lengths: Left Channel Right Coeff contr. Expan.
146.159 159.395 35.414 35.414 35.414 .3 .5

CROSS SECTION OUTPUT Prof11e #100 yr

B R R kR ki e R T R TR ARN L ERAENR AR NN Ao Tl N llok ol ek de e ol de ik ke hdeh ki ded
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dric.rep

* E.G. Elev (m) * 178.14 * Element * Left 0B * channel * Right 08 *
* veal Head (m) * 0.14 * wr. n-val. * * 0.017 = *
* wW.5. Elev (m) * 178.00 * Reach Len. (m) * 0.62 =* 0.62 = 0.62 *
= Crit w.S. (m) * 177.15 * Flow Area (m2) * * 23,95 *
* E.G. Slope (m/m} *0 000472 * Area (m2) ® ®* 23,95 * *
* Q Total (m3/s) 39.50 * Flow (m3/s) * * 39,50 * w
* Top wWidth (m) * 13,24 * Top width (m) * ® 13.24 * i
* vel Total (m/s) * 1.65 * avg. vel. (m/s) * * 1.65 * *
* Max Chl Dpth (m) * 2.14 * Hydr. Depth (m) * * 1.81 = *
* Conv. Total (m3/s) * 1818.7 * conv. (m3/s) * * 1818.7 * i
* Length wtd. (m) * 0.62 * wetted per. (m) * ®= 16.33 * *
* Min ch ET (m) * 175,86 * Shear (N/m2) w * 6.78 * *
* Alpha * 1.00 * Stream Power (N/m 5} * * 11,19 * b
* Frctn Loss (m) * 0.00 * Cum volume (1000 m3) = 0.13 = 4,19 * 0.17 =
* C & E Loss (m) * 0.00 * cum sa (1000 m2) * 0.17 = 1.32 = ¥

L L T LA L L L L L L T L L L L

CROSS SECTION OUTPUT pProfile #regional

EIR R PR R TR R R I IR SV TR (KPR R (R R R R R 1 R RS R R R R R TR R A TR R T R g (R R R R IR S R R R TR R R R R R R Y T R L o R
* E.G. Elev (m) * 178.71 * Element * Left 08 * Channel * Right 0B *
# yvel Head (m) k4 0.21 * wt. n-val. # # 0.017 * *
* w.S. Elev (m) * 178.50 * Reach Len. (m) * 0.62 = 0.62 = Q.62 =
* Crit W.S. (m) * 177.50 * Flow area (m2) * % 30.60 * *
* E.G. Slope (m/m) *0.000567 * Area (m2) % ¥ 30.60 * *
# qQ Total (m3/s) * 62.60 * Flow (m3/s) * * 62.60 * *
# width (m) * 13.24 * Top width (m) * * 13.24 * *
* vel Total (m/s) * 2.05 * avg. vel. (m/s) % # 2.05 ¥ %
* Max chl opth (m) = 2.64 * Hydr. Depth (m) = * 2.31 % %
* conv. Total (m3/s) * 2629.0 * cConv. {m3/s) * * 2629.0 * ¥
* Length wtd. (m) * 0.62 * wetted Per. (m) ® * 17.34 = *
* min ch E1 (m} * 175.86 * Shear (N/m2) = * 9.81 *

* Alpha * 1.00 * stream Power (N/m s) * ® 20.07 = *
# Frctn Loss (m) * 0.00 * cum volume (1000 m3) * 0.23 = 4.82 * 0.31 =
*C & E LOSS (m) * 0.00 * cum sA (1000 m2) * * .32 = *

hdh ik A h ARk h b hde e hdehhe ek f b h etk e kd et de dedede h A Fede de deded Tedede ket dededed dodede e B e dede dede de s e Te o e o e e e v de e e Sk de e v e
BRIDGE

RIVER: Turkey Creek

REACH: Main RS: 9.65

INPUT
Description:

pistance from Upstream XS = .621
peck/Roadway width = 34.79
weir Coefficient = 1l.44
upstream Deck/goadway Coordinates
nym=
s$ta Hi cord Lo Cord Sta Mi Cord Lo Cord Sta Hi Cord Lo Cord
Ak dhdhkhhhhhhhhhdh it h it hhhhhhdhhdhatdhddidetdd vttt de itk ddetdededddedethde et Nt wide
0 181.74 90.83 182.081 118.067 182.057
140.62 182.199 181.5 152.78 182.207 181.5 166.46 182.179 181.5
168.067 182.156 190.032 181.964 218.067 181.884
upstream Bridge Cross Section Data
Station Eilevation Data num= 13
Sta Elev sta Elev Sta Elev Sta Elev Sta Elev
gt Ve BTt de de te B ettt e B e T e BTttt T ATt me B de e T de e e e e e e T e e B e B de e T B de B e e e oo e A 8 4 S g A e S A e
0 182 135.597 182 140.617 181.5 146.159 178.5 146,159 176.5
151.177 176.06 151.777 175.86 153.777 175.86 154.377 176.06 159,395 176.5
159.395 178.5 165.459 181.5 235.174 182
Manning's n values nyum= 3
Sta n val sta n val sta n val
fhhhhhhhh bt hhd kb de vl dede el v dedededededed
0 .02 146.159 .017 159.395 02
Bank Sta: Left Right Coeff contr. Expan.
146.159 159.395 .3 .5
pownstream Deck/Roadway Coordinates
nums= 11
Sta Hi cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
N e e e e N e e R R e N R e R N N e R RN R AN S A A A At A kA At e A v e
0 181.74 90.83 182.081 118.067 182.057

133.85 182.157 181.5 137.28 182.199 181.5 152.78 182.207 181.5
165.46 182.179  181.5 168.067 182.156 181.5 175.93 182.11 181.5
190.032 181.964 218.067 181.884
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dric.rep
Downstream Bridge Cross Section Data

Station Elevation Data num= i5
Sta Elev Sta Elev sta Elev sta Elev Sta ETev
R R R R R R R R R R R R R e e R R T R R R T T LR TR g T R R R T R R ]
0 182 125.33 182 133.85 181.5 140.248 179.5 140.248 176.5
145.27 176.06 145.87 175.86 147.87 175.86 148.47 176.06 153.492 176.5
153.492 179.5 161.948 180.5 166.14 181 170.386 181.5 199.519 182
Manning's n vatues num= 3
sta n val sta n val s5ta n val
Srddr Ak deddoddehdededededededededede Ao de S ve S e e b Ve Ve A w Lt S e de i d
0 .02 140.248 .017 153.492 .02

Bank Sta: teft Right Coeff Contr. Expan.
140.248 153.492 .3 5

0 horiz. to 1.0 vertical

Upstream Embankment side slope
0 horiz. to 1.0 vertical
5

Downstream Embankment side slope

Maximum allowable submergence for weir flow
Elevation at which weir Flow begins

Energy head used in spillway design
spillway heiﬁht usad in design

welr crest shape

Broad Crested
Number of Bridge Cocefficient Sets = 1

Low Flow Methods and Data
Energy )
Selected Low Flow Methods = Highest Energy Answer

High Flow Method
Pressure and weir flow
Submerged Inlet cd
submerged Inlet + oOutlet Cd
Max Low Cord

1l

o
o

additional Bridge Parameters
Add Friction component to Momentum
oo not add weight component to Momentum
Class B flow critical depth computations use critical depth
inside the bridge at the upstream end
Criteria to check for pressure flow = Upstream energy grade line

BRIDGE OUTPUT Prof11e #100 v

EE L R e xtkhl _.f:f-'t-'k"r'#'lc'lr'frf:*\‘:#nh’ruwfrs‘u’u’{*.{*’c"n’r’:,c-.’:’c*-’:’c-k-’r{:-.’c*-.’r**-’ Fedd R fh N adh Akt h
* E.G. US. (m) * 178.14 * Element *Inside BR US *Inside BR DS *
* W.s. Us. (m) = 178.00 * E.G. Elev (m) # 178.14 * 178.12 =+
* q Total {(m3/s) = 39.50 * w.s. glev (m) * 178.00 * 177.98 =*
* Q 8ridge (m3/s) = 39.50 * Crit w.5. (m) * 177.16 ¥ 177.i6 *
* Q weir (m3/s) * * Max Chl ppth (m) * 2.14 * 2.12 ¥
* weir sta Lft (m) * * vel Total (m/s) * 1.65 * 1.67 *
* weir Sta Rgt (m) W * Flow Area (m2) * 23.95 = 23.69
* weir Submerg # * Froude # Chl i 0.39 0.40 *
* weir Max Depth (m) * * specift Force (m3) * 28.57 * 28.17 *
* Min E1 weir Filow (m) * 181.95 * Hydr Depth (m) * 1.81 = 1.79 =
* Min E1 Prs (m) * 181.50 * w.p. Total (m) * 16.33 = 16.30 ~*
* peita EG (m) ¥ 0.02 * conv. Total (m3/s) # 1818.1 = 1788.3 *
* pelta ws (m) * 0.02 * Top width (m) # 13.24 = 13.24 ~+
* BR Qpen area (m2) * 87.72 * Frctn Loss (m) * 0.02 = 0.00 ~*
* BR Qpen vel (m/s) # 1.67 * C & E Loss {(m) * 0.00 = 0.00 =
* coef of Q i * Shear Total (N/m2) * 6.79 = 6.95 *
* Br Sel Method ] *Energy only * Power Tota1 (N/m 5) * 11.19 = 11.59 =
R o s e L T R

BRIDGE QUTPUT Profile

Tedetededrmdededede ke ke devedevrde e ke s

* E.G. US. (m)

* W.5. US. (m) * d * 178.71 %
* @ Total (m3/s) * 62.60 * w.s. Elev {(m) ki 178.50 =
* Q Bridge (m3/s) ¥ 62.60 * crit w.s. (m) ¥ 177.50 *
* Q weir (m3/s) * * Max Chl ppth (m) * 2.64 %
* weir sta Lft (m) ¥ * vel Total {m/s) * 2.05 =
* Weir Sta Rgt (m) * * Flow Area (m2) K 30.60 *
% Weir Submerg # * groude # chl * 0.43 =
* Weir Max Depth (m) * * gpecif Force (m3) * 48.68 ~*
* Min €1 wWeir Flow {m) * 181.95 = Hydr Depth (m) * 2.31 ~+
* Min €1 Prs (m) ¥ 181.50 * w.P. Total (m) * 17.34 =
* pelta EG {m} * 0.02 * conv. Total (m3/s) * 2628.3 *
* pelta WS (m) * 0.03 * Top width (m) * 13.24 +#
* BR Open Area {(m2) * 87.72 * Frctn Loss (m) # 0.02 *

Page 6
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177.50
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30.28
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dric.rep

* BR Qpen vel (m/s) * 2.07 * C &E Loss_{(m) * 0.00 0.00 *
* Coef of Q * * shear Total (N/m2) * 9.82 =~ 10.05 *
* gr sel Method *Energy only * pPower Total (N/m s) ~* 20.09 = 20.78 °
AT TARNAG AR AL h R b TRttt et Rt ha oAt hnthhhhn Atttk bk kT hh
CROSS SECTION
RIVER: Turkey Creek
REACH: Main RS: 9.6
INPUT
Description:
station Elevation Data num= 15
St Elev sta Elev sta Elev sta Elev sta Elev
e I S0 Vo Fe doFo de Fo e de v de Yo Fede de Frde e de e e ve B e e Sr e Yo Yo Ve Yo de e Yo e Se Yo Yo Yo de Yo Sr e Yo St ¥ e e Yo T 2 Yo fe do Yo ofe e e ¥ e g Ve vr e e v e e Ve e e Yo e Se e de e
0 182 125.33 182 133.85 181.5 140.248  179.5 140.248 176.5
145.27 176.06 145.87 175.86 147.87 175.86 148.47 176.06 153.492 176.5
153.492 179.5 161.948 180.5 166.14 181 170.386  181.5 199.519 182
Manning's n values num= 3
DO S INL SIUUIE S LN 1) D S N
0] .02 140.248 .017 153.492 .02
Bank Sta: Left Right Lengths: Left channel Right coeff Contr. Expan.
140.248 153.492 8.508 3 62 .3 .5

CROSS SECTION OUTPUT Profile #100 yr
Pele AV e SR e vk B e VN SRR A NN e R T e e e e el Rl e ded v de oo e Sl de Sk ot e e e R R ede de e de de de e e de R doR el e el e e e de ke ol dede e e de

* E.G. Elev (m) ¥ 178.12 * g£lement * peft oB * <channel * Right OB *
* vel Head (m) x 0.14 * wt. n-val. * ¥ 0.017 * ¥
* W.5. Elev {m) * 177.98 * Rreach ren. (m) * 8.51 = 3.00 * 8.36
* Crit w.s. (m) ® * Flow Area (m2) * * 23.69 ~* ¥
* E.G. Slope (m/m) *0.000488 * Area (m2) * * 23.69 = *
* Q Total (m3/s) * 39,50 * Flow {m3/s) * * 39,50 ~* *
* TO? width {(m) * 13,24 % Top width (m) * * 13.24 = *
* Total (m/s) ¥ 1.67 * avg. vel. (m/s) % * 1.67 * ®
# Max Chl ppth (m) = 2.12 * Hydr. pepth (m) * #* 1.79 = ¥
# Conv. Total (m3/s) * 1788.3 * Conv. (m3/s) # * 1788.3 * ¥
* Length wid. (m) * 3.00 * wetted Per. (m)} # * 16.30 * ¥
* Min Ch E1 (m) * 175.86 * Shear (N/m2) * * 6.95 * *
* Alpha ¥ 1.00 * stream Power (N/m s) ¥ kit 11.59 = #
* Frctn Loss (m) ¥ 0.00 * cum volume (3000 m3) * 0.13 * 3.34 = 0.17 *
* C & E Loss (m) * 0.06 * cum sA (1000 m2) * 0.17 * 0.85 * 0.26 *

Hhd Akt dode e do R o d e drde et drdede dede e e de e e ot S de v 2o de ok do o e e e e e 3 3 e i e e de dede Ve de o s e e e Ve dede dede dde ot dedede Wode e e e e W Yo de e v

wWarning: The conveyance ratio (upstream conveyance divided by downstream conveyance} is less than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION QUTPUT Profile #Regional

MY vr e e e ANV A NN A ANLENS LI AN A E Rttt h At hhhh kbt ahhahhanhhhhhnh ki hh it
* E.G. Elev {m) * 178.69 * Element * Left oB * channel * Right 0B *
* vel Head (m) * 0.22 * wt. n-val. * = 0,017 * *
* W.5, Elev (m) * 178.47 * Reach Len. {m} * §.51 = 3.00 = 8.36 *
*Crit w.s. (m) * * Flow area (m2) ® * 30.28 = *
* E,.G., Slope (m/m) *0,000586 = Area (m2) ¥ * 30.28 * *
* Q Total (m3/s) *  62.60 * Flow (m3/s) ® * 62.60 *
* Top width (m) * 13,24 * Top width (m) ¥ % 13.24 ~ *
* vel Total (m/s) * 2.07 = avg. vel. (m/s) ¥ * 2.07 = =
* smax chl ppth (m) ¥ 2.61 * Hydr. Depth (m) * * 2.29 = *
* Conv. Total (m3/s) * 2587.0 * cConv. (m3/s) * * 2587.0 * ®
* Length wid. (m) = 3.00 * wetted Per. (m) * * 17.30 ~ =
* Min ch EY (m) = * shear (N/m2) * * 10.05 ~* =
* Alpha * * stream Power (N/m s} * * 20.78 *
* Frctn Loss {m} * * cum volume (1000 m3) * 0.23 = 3.74 * 0.31 =
*C& E L ss (m) = * cum SA (1000 m2) * 0.23 = 0.85 ~* 0.32 =
* TEux fr kAR A ARtk n N TRtk a skttt aN R R R AR R AN RN AT REALERESTIT AN N dedrddofdode

warning: the velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

warning: The conveyance ratic (upstream conveyance divided by downstream conveyance) is Jess than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION

RIVER: Turkey Creek
REACH: Main RS: 9.5
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dric.rep

INPUT
Description:
station Elevation Data num= 14
sta Elev sta Elev sta Elev sta ETev sta Elev
HRwRE RS RT T Rt NN W AN S et e ek e e e R e e e el ke W e R o e e W ek el e e e e de sk e e do A
0 182.5 58.964 182 66.492 180 66.492 176.5 80.892 176.06
81.492 175.86 83.492 175.86 84.092 176.06 98.492 176.5 98.492 180
99.757 180.5 103.154 181 106.622 181.5 138.493 182
Manning's n values num= 3
sta n val sta n val sta n val
B s I
0 .02 66.492 .017 98.492 .02
Bank Sta: Left Right Lengths: Left Channel Right coeff contr. Expan.
66.492 98.492 39.545 39.545 39.545 .3 .5

CROSS SECTION OUTPUT Profile #100 yr

L e T T g Y S T8 T T - L 20
* E.G. Elev {m) * 178.06 * glement = Left oB * cChannel * Right OB *
* vel Head (m) * 0.02 * wt. n-val. * * 0.017 = *
* wW.5., Elev {m) * 178.03 * Reach Len. (m) * 0.14 = 0.14 = 0.14 =
*orit W.S. (m) * 176.78 * Flow Area (m2) * = 57.38 = *
* E.G. Slope (m/m) *0.000071 * Area {m2) ¥ * 57.38 = =
# Q Total (m3/s) * 39,50 * Flow (m3/s) * * 39.5¢ = =
* Top width {(m) % 32.00 * Top width (m) ¥ i 32.00 ~* *
* vel Total {(m/s) * 0.69 * avg, vel. (m/s) * * 0.69 *
* Max Chl Dpth (m) * 2.17 * Hydr. pepth (m) * * 1.79 =

* Conv. Total (m3/s) * 4679.2 * conv. (m3/s) * * 4679.2 * *
* Length wtd. (m) * 0.14 * wetted Per. (m) * # 35,15 = *
* Min ch ET {m) * 175%.86 * Shear (N/m2) i * 1.14 = #
* Alpha % 1.00 * stream Power (N/m s) * * 0.79 =* *
* Frctn Loss (m) i 0.00 * cum volume {1000 m3) * 0.13 * 3,22 * 0.17 *
*C& E Loss (m) * 0.00 * cum sA (1000 m2) * 0.17 * 0.78 * 0.26 *
TRhwr Rtk kN akhnwhnh s n TRttt A w Nl N A RN R R AR RN N A e ke e e e Vet Ve de e wAew el e de ol ek &

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION QUTPUT Profile #Regional

dededede v dededededdedodde 2odeddedede dodede dedede et de dede de de Tedede de dede e de de dede e e de e de de S de e e de e de Ve de g de e e Se R Fe e Sedede de e de v S de e S w Ak B uwRLA

3

* E.G. Elev {m) # 178.60 * Element #* Left 0B * channel * Right OB *
* vel Head (m) * 0.04 * wt. n-val. * * 0.017 * *
* W.S. Elev {m) * 178.56 * Reach Len. {m) * 0.14 = 0.14 = 0.14 =
oCrit W.s. {m) * 176.97 * Flow aArea (m2) % * 74.31 * *
* E.G. Slope (m/m) *(.000079 % Area (m2) ¥ * 74.31 * *
* q Total (m3/s) * 62.60 * Flow (m3/s) ¥ * 62.60 * *
* Top width (m) * 32.00 * Top width (m) ¥ w 32.00 * *
* vel Total (m/s) * 0.84 * avg. vel. (m/s) * w 0.84 * *
* Max chl ppth (m) * 2.70 * Hydr. Depth (m} * b 2.32 % *
* Conv. Total (m3/s) *  7059.7 * conv. (m3/s) * *  7059.7 % *
* Length wtd. (m) * 0.14 * wetted Per. {(m) * * 36.21 * *
* Min ch ET (m) * 175.86 * shear (N/m2) = * 1.58 *
* Alpha * 1.00 * stream Power (N/m s) ¥ * 1.33 ¥
* Frctn Loss (m) * 0.00 * cum volume (1000 m3) * 0.23 * 3.59 = ¢.31
* C & € Loss (m) * 0.01 * cum SA (1000 m2) * 0 23 * 0.78 =« 0.32

R e N L L L A R T e ] L R T T R R R
warning: The conveyance ratic (upstream conveyance divided by downstream conveyance} is less than

0.7 or greater than 1.4. This may indicate the need for additional cross sections.
BRIDGE
RIVER: Turkey Creek
REACH: Main RS: 9.45

INPUT
Description:

Distance from Upstream XS = .143
Deck/Roadway width = 36.402
weir Coefficient = 1.44

Upstrean Deck/Roadway Coordinates
num=
Sta Hi Cord Lo Cord sta Hi Cord Lo Cerd Sta Hi Cord Lo Cord
o R R R R L L L R T R e o T T s
0 180.1 32.49 180 66.99 179.06 176.06
66.99 179.06 177.86 76.99 179.03 177.86 76.99 179.03 176.06
77.49 179.03 176.06 77.49 179.03 177.86 B82.49 179.03 177.86
8§7.49 179.03 177.86 87.49 179.03 176.06 B87.99 179.03 176.06
Page 8



dric.rep
8§7.99 179.03 177.86 97.99 179.03 177.86 97.99 179.03 176.06

132.4%  178.3 182.49 178
Upstream 8ridge Cross Section Data
Station Elevation pata num= 14
Sta Elev Sta Elev sta Elev sta Elev sta Elev
RHN R A RA TN AL A A A kA hhh b hdde el drdo e dedrdede v A h Ve e et RS h R LAkt A A Rk A,
0 182.5 58.964 182 66.492 180 66.492 176.5 B0.892 176.06
81.492 175.86 83.492 175.86 84.092 176.06 98.492 176.5 98.492 180
899.757  1B0.5 103.154 181 106.622  181.5 138.493 182
Manning's n values num= 3
sta n val sta n val sta n val
TREVH AR TN AR A fe AR TN a A h T hh bt bl de i didn
0 .02 66.492 017 98.492 .02

Bank Sta: teft Right coeff Contr, Expan.
66.492 98.492 .3 .5

Downstream Deck/Roadway Coordinates
17

nuUme
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
HEAEAT D AT AR RN a A hdde e n ek e Rk h kS ikt heh Sk ke hed et dedede ke dr fededr dete ke de de e dede de e
0 180 9.55 180 44.05 179.06 176.06

44.05 179.06 177.86 54.05 179.03 177.86 54.05 179.03 176.06
54.55 179.03 176.06 54.55 179.03 177.86 59.55 179.03 177.86
64.55 179.03 177.86 64.55 179.03 176.06 65.05 179.03 176.06
65.05 179.03 177.86 75.05 179,03 177.86 75.05 179.03 176.06

109.55 178.3 159.55 178
PDownstream 8ridge Cross Section Data
station Elevation Data num= 15
sta £lev Sta Elev sta Elev sta Elev sta Eley
fehhAde bt hdedde i ddr i dr i ddidhdedo e dede Vet de e fe e de AN de e Ve S A A E A kT A Akt hn bt AT s kAR
0 182.5 22.451 182 30.035 181.5 43.553 179.5 43.553 176.5
57.953 176.06 58.553 175.86 60.553 175.86 61.153 176.06 75.553 176.5
75.553 179.5 84.157 181 86.382 181.5 87.423 182 124.022 182.5
Manning's n values num= 3
sta n val sta n val sta n val
Ttk f ATk hh Rt w Rkt v S Ve e de e e R e R de Qe e e de e e
0 .02 43.553 L.017 75.553 .02

Bank sta: Left Right Coeff Contr. Expan.
43,553 75.553 .3 5

0 heriz. to 1.0 vertical
0 horiz. to 1.0 vertical
.95

Upstream Embankment side slope
Doewnstream Embankment side s?o e

Maximum allowable submergence for weir flow
Elevation at which weir_flow begins

Ener?y head used in spillway design
spillway heiﬁht used in design

weir crest shape

LV T 1 1 I | O I 1}

Broad Crested
Number of Bridge cCoefficient sets = 1

Low Flow Methods and Data
Energy .
Selected Low Flow Methods = Highest Energy Answer

High Flow Method
Energy only

Additional Bridge Parameters
Add Friction component to Momentum
Do not add weight component to Momentum
Class B flow critical depth computations use critical depth
inside the bridge at the upstream end
Criteria to check for pressure flow = Upstream energy grade line

BRIDGE OUTPUT Profil

e Ve Ve o v Ve dn v Ve de Yo frvde v dr e fe de fr A

* E.G. US. (m) * 178.06 * Element *Inside B8R US *Inside BR DS
* W.5. Us. (m) * 178.03 * E.G. Elev (m) # 178.06 = 178.05
* Q Total {m3/s) * 39.50 * wW.5. Elev (m) * 178.02 * 178.01
* Q Bridge (m3/s) i 39.50 * Crit wW.S. (m * 176.80 ~ 176.80
* Q weir (m3/s) * * Max Chl ppth (m) * 2.16 * 2.15
* weir sta LTt (m) * * vel Total (m/s) * 0.81 = 0.81
* Weir sta Rgt (m) * * Flow Area (m2)} * 48.73 * 48.73
* Weir Submerg = * Froude # Chl = 0.19 = 0.19

Page 9
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dric.reg

* weir Max Depth (m) = * specif Force (m3 # 51.18 = 50.63 *
* Min E] weir Flow (m) * 179.02 * Hydr Depth (m) ® = w
* Min g1 Prs (m) * 177.86 * w.p. Total (m) = 69.58 * 69.58 ~
* pelta £6 (m) * 0.02 * conv. Total (m3/s) w 2260.3 = 2260.2 *
* pelta ws (m) * 0.02 * Top width (m) ¥ ® =
* BR Open Area (m2) * 48.73 * Frctn Loss (m) * 0.01 * 0.00 *
* BR open Vel (m/s) # 0.81 * ¢ & E Loss (m) w 0.00 = 0.00 =
* Coef of Q * * shear Total (N/m2) # 2.10 = 2.10 =
* Br sel Method *gnergy only * power Total (N/m s) * 1.7¢ = 1.70 =
ArhhAhhhdhhdhhhh b hdddrhdethddh v nedetr i d el tide Vet dedediddewhdehfe v ddedehdedr ot et eV de v de Ve Ve defr Ve ke BNk

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance} is Tess than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

BRIDGE OQUTPUT Profile #Regional

Aeddhhd R Ehhht itk hvh kbt hhhhvhh kb hhdh etk i bk kb hddddddh ik ddeddodedh e deodedevededede e dedededevede v

* E.G. US. (m) * 178.60 * Element *Inside BR US *Inside BR DS *
* W.S. Us. (m) * 178.56 * E.G. Elev (m) * 178.59 = 178.56
* q Total (m3/s) * 62.60 * w.S. Elev (m) * 178.50 = 178.47 ~*
* q Bridge (m3/s) * 62.60 * Crit w.S5. (m) * 177.00 = 177.00 =
* Q weir (m3/s) ¥ * Max chl ppth (m) * 2.64 * 2.61
* weir sta Lft (m) # * vel Total (m/s) * 1.28 = 1.28 =
* weir Sta Rt (m) * * Flow Area {m2) * 48.73 * 48.73 ~*
* weir Submerg “ * Froude # Chl * 0.27 * 0.27 *
* wWeir Max Depth (m) ¥ * specif Force (m3) * 79.45 * 78.09 =
*Min E1 Weir flow (m) * 179.02 * Hydr Depth (m) ® * *
* Min ET Prs (m) ® 177.86 * w.p. Total (m) * 69,58 * 69.58 *
* pelta €G (m) # 0.07 * conv. Total (m3/s) ® 2260.3 * 2260.2 *
* pelta ws (m) * 0.07 * Top width (m) * w *
* BR Open Area (m2) = 48.73 * Frctn Loss (m) * 0.03 0.00 *
* BR open vel (m/s) * 1.28 * C & E Loss (m) * 0.00 = 0.02 =
* coef of q * * shear Total (N/m2) * 5.27 * 5.27 *
* Br sel Method *Energy only * Power Total (N/m s) * 6.77 * 6.77 =

Trdrdededr e dedededdededrdedededededcdededededodevededevededrdededede Ve dede Ve ke S dedede e de Ve e Ve e ve et e Sede Ve R e v e Yoo e e e Sk n

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION

RIVER: Turkey Creek

REACH: Main RS: 9.4
INPUT
pescription:
Station Elevation Data num= 15
sta Elev sta Etev s5ta Elev sta Elev sta Elev
Yedrdedrhhhhhd b hh wdhddh b ed bt ket vk i he ek h R kYo h kvt fe Rk e de kiR e n R AR b Al kT

6 182.5 22.451 182 30.035 181.5 43.553 179.5 43.553 176.5
57.953 176.06 58,5353 175,86 60.553 175.86 61.153 176.06 75.553 176.5

75.553 179.5 84.157 181 86.382 181.5 87.423 182 124.022 182.5
Manning's n values num= 3
sta n val sta n val sta n val
R Rk kR Akt hah kit h bk ket e ke dede
0 .02 43,553 017 75.553 .02
Bank sta: Left Right tengths: Left Channel Right coeff Contr. Expan.
43.553 75.553 5.639 5 6.353 .3 .5

CROSS SECTION OUTPUT Profile #100 yr

fekE A dddhe i ahdhhhwhdh ki hhhdihddd T dedidedrdide et e drdededrnde ke dhidededide e e dede e dedededededede fodededede Ne dedede Se e e e e v e A v

* E.G. Elev {m) * 178.04 * tlement * 1eft OB * Cchannel * Right OB *
* vel Head (m) * 0.02 * wt. n-val. * * 0,017 = =
* W.5. Elev (m) * 178.02 * Reach Len. (m) b 5.64 % 5.00 = 6.35 *
*Crit w.S. (m) * * Flow area (m2) * * 56.76 * *
* E.G. Slope (m/m) *0 000074 * area (m2) ® * 56.76 * =
* q Total (m3/s) 39.50 * Flow {(m3/s) = * 39.50 = *
* Top width {m) * 32.00 * Top width (m) # g 32.00 = *
* vel Total (m/s) * 0.70 * Avg. vel. (m/s) * ¥ 0.70 * w
* Max Chl Dpth (m) - 2.16 * Hydr. Depth (m) * * 1.77 = w
* Conv. Total (m3/s) * 4599,1 * conv. (m3/s) v * 4599,1 * *
* Length wtd. (m) * 5.00 * wetted Per. (m) # * 35.11 = #
* min ch ET {m) * 175.86 * shear (N/m2) * * 1.17 = #
* Alpha * 1.00 * stream Power {N/m s) * # ¢.81 = *
* Frctn Loss (m) * 0.00 * Cum volume (1000 m3) * 0.13 * 1.28 = 0.17 ~
¥ C & E Loss (m) * 0.00 * Cum $A (1000 m2) * 0.17 = 0.73 = 0.26 =
EE e S L R A S TR R R oL R R R R R L R Y R T L R
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dric.rep

CROSS SECTION OUTPUT Profile #RrRegional

Ak R T T N RN RN et kSt ke e dr e et de e drdrdede et dede e dedede et de e de ke

* E.G. Elev {m) * * Element * *  Channel

= vel Head (m) * * Wt. n-val. * * 0.017 *
* W.S. Elev (m) * * Reach Len. {m) * ® 5.00

* Crit w.s. (m * * Flow area (m2) * * 72.14

* E.G. Slope (m/m} * * area (m2) k4 # 72.14

* q Total (m3/s) * * Flow (m3/s) * * 62.60

* To? width (m) * * Top width (m) * % 32.00

* Total (m/s) * * avae. vel. (m/s) * “ 0.87

* Max ¢chl ppth (m) * * Hydr. Depth (m) * % 2.25

* Conv., Total (m3/s) * * conv., (m3/s) * * B735.6

* Length wid. (m) * * wetted Per. (m) ki % 36.07

* Min ¢h ET (m) * * shear (N/m2) it % 1.69

* alpha * * gstream Power (N/m s) * ¥ 1.47

* Frctn Loss (m) * * Ccum volume (1000 m3) * ¥ 1.62

* ¢ & E Loss (m) * * cum SA (1000 m2) % * a.73

P R ok g ok S AR T R T R R SR R R TR T R TR e T L TR AR TR TR R R H‘('ﬂ:'k*)‘l**“(**‘k'ir"(*":"«*1’:f(\'r’k“’("t'{“\"ﬁ'{"c"r‘:'{‘r‘r'{*‘ E ‘r%i e %

CROSS SECTION

RIVER:

REACH: Main

INPUT
Description:

station Elevation Data
sta

Fahhwddhut ANk bk Ak hhhhh

Manning's n values

sta Elev

Turkey Creek

0 182.5 22.465

47.673 176.5

58.823 176.06

73.173 176.5% 73.173

225.65 182.5

e 2 2o 2o de de de Je A dede do e de fe Yo e de e e Yo v Yo Fe Yo Yo Ve e dr oy Je e e e ¥e Yo s Yo s )

35.0:5  181.5 36.837
59.423 175.86 61.423

81.981 180.5 86.631

16
Sta glev

sta n val sta sta n val
EE RS e A R A R R R R R R R
0 .02 47.673 73.173 02

Bank sta: teft Right
47.673 73.173

CROSS SECTION OUTPUT Profile #100Q yr

rhwdrdh N R e N RN N N w Ak hhhdwhdh hddhdrd bt dedevede e dewdw S de e e Kede fe v v e h e Ve et T hhh ikt L Ex

¢hannel * Right o8
13

£

kS

“~

3
e
E]

3

w

*
*

#*

Fedrdedededededele e dede e s

E.G. Elev (m)
vel Head (m)
W.S. Elev (m)
crit W.s. (m)
£.G. Stope (m/m)
Q Total {m3/s)
To? width (m)
Total (m/s)
Max ¢Chl ppth {m}

conv. Total (m3/s)

Length wtd. (m)
Mmin ¢ch ET (m)
Alpha

© Fretn Loss (m)

C & E Loss (m)

o Yp e dede e dedr A

Ed

o

=

[

Bosb oo oo s o b

s+

o de e de e 2t

Left channel
4,02

3.772

Element

wt. n-val.
Reach Len. (m)
Flow Area (m2)
Area (m2)

Flow (m3/s)

Top width (m)
avg. vel. (m/s)
Hydr. Depth (m)
conv., (m3/s)
wetted Per. (m)
shear (N/m2)

Stream Power {N/m s)
Cum volume (1000 m3)
Cum SA (1000 m2)

TARINER RTINS N SRRl R Rk i Al e dededededode

CROSS SECTION OUTPUT Profile #Regional

Fedededededidede ety

*

u*

EL

sbosk o}

b

E.G. Elev {m)
vel Head {m)
W.5. Elev (m)
crit w.s. (m)
E.G. Slope (m/m)
Q Tetal (m3/s)
width (m)
vel Total (m/s)
Max chl Dpth (m)

Conv. Total (m3/s)

* Length wtd. (m)

3

%
%

k3

Cg AR b R e s ks

min ch 1 (m)
Alpha

Frctn Loss {m)
C & E Loss {m)

2
%
k3
*

it

%

L .

RN

"

=

*0.000138

®

%

2
2
2

2

ook ok oo

BLIE

¥

Element

wt. n-val.
Reach Len. (m)
Flow Area (m2)

# Area (m2)

Flow (m3/s)

Top width (m)
avg. vel. (m/s)
Hydr. Depth (m)
conv. (m3/s)
wetted Per. (m)
shear {N/m2)

Stream Power (N/m s)
Cum volume (1000 m3)
Cum SA (1000 m2)

e T e e T R e ek e fr de J.J.J.J.).J.A.J.J.J.J.J.A.J.J.J.J.J.J.J.J.J.J.J e e e e de Yo Ve de ve vo o ¥
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B S A R A R ST R R R R R S L LR T

2

.

*

*

Bomom oo

"

*

*

*

181 47.673
175.86 62.023 176.06
181 89,072

Coeff Contr.
.1

k3
k3

%

S N S

F

-

EEE

o

L

EE

*

*

Expan.
.3

0,017
3.77
44,98

0.59

0.017
3

vedrdodr Y v

fedeve i vede Stk di T

7

Ed

e v fe fede 2o Ve e e vr 2o e 2o 4o 2o 2 2 ; 2ot dete

L P L P P Y

Channel * Right 0B *
* 0.020



dric.rep

CROSS SECTION
RIVER: Turkey Creek
REACH: Main RS: 9.2
INPUT
pescription:
station Elevation Data num= 28
Sta Elev Sta Elev sta Elev sSta Elev sta Elev
R A R AT R N e A R A W A R R AR S A T L hdh ke dhid ittt hdiddde e dewfeh it
0 182 12.725 181.5 14 44 181 16.148 180.5 17.868 180
19.579 179.5 21.223 179 22.754 178.5 24.249 178 25.742 177.5
27.224 177 28.735 176.5 36.975 176.06 37.575 175.86 39.575 175.86
40.175 176.06 48.415 176.5 49.851 177 51.275 177.5 52.723 178
54.188 178.5 55.665 179 57.16 179.5 58.63 180 60.657 180.5
65.963 181 67.032 181.5 68.12 182
Manning's n values num= 3
sta n val Sta n val Sta n val
Eadh iR ob g g R o LR E R R VR YRR LR R T L )
0 .03 28.735 LQl7 48.415 .03
Bank sta: Left Right Lengths: Left channel Right coeff Contr. Expan.
28.735 48.415 30.4 31.81 33.814 .1 .3

CROSS SECTION oUTPUT Profile #100 yr

L O R R 3 T L Y T L L]

* E.G. Etev (m) * 178.03
* yvel Head (m) * 0.06
* W.5. Elev (m) * 3177.98
*Crit W.Ss. (m) *

* E.G. Slope {m/m) *0 000160
# @ Total {m3/s) 39.50
* Top width (m) *  28.34
* vel Total (m/s} ¥ 0.96
= Max chl opth (m) ¥ 2.12
* Conv. Total (m3/s} * 3125.6
* Length Wtd. (m)} * 31.85
* Min Ch ET (m) * 175.86
* Alpha * 1.20
* Fretn Loss (m) * 0.01
* C & E Loss (m) * 0.01

e v 2 dededededo I dode Ao Do de dedede de de de de vedede Yo e de dede dede de Ve Yo ve e

warning: The conveyance ratio {(upstream

0.7 or greater than 1.4,

wxdh RSk dek Nk e ke h kkdh R ddi b den

Element * Left OB * channel * Right 08 *
wt. n-val. * 0.030 * 0.017 * .030 =
rReach Len. (m) = 30.40 = 31.81 * 33.81 =
Flow Area (m2) % 3,27 ~* 34.61 * 3,12 *
= Area (m2) * 3,27 ~* 34.61 * 3.12 %
* Flow (m3/s) # 1.09 = 37.38 1.03 =
Top width (m) # 4.42 * 19.68 = 4.24 =
avg. vel. (m/s) * 0.33 = 1.08 = 0.33 *
Hydr. Depth (m) * 0.74 = 1.76 % 0.74 =+
conv. (m3/s) * 86.1 * 2957.7 * 81.8 =
wetted Per. (m) # 4.66 * 19,77 = 4,49
shear (N/m2) ¥ 1.10 * 2.74 * 1.09 =
Stream Power (N/m s) * 0.37 = 2.96 * 0.36 =
Cum volume (1000 m3) * 0.13 = 0.88 =* 0.17 =
cum SA (1000 m2) * 0.16 * 0.50 * 0.25 =

##*ﬁﬁﬁﬁ*ﬁ2ﬁ#2*ﬁ##ﬁﬁﬁﬁ*ﬁ#ﬁ¢¢;ﬂ**ﬂﬂ*#**w****ﬂ*#ﬁ***ﬁ*****
conveyance divided by downstream conveyance) is less than

This may indicate the need for additional cross sections.

CROSS SECTION OUTPUT Profile #Regional

R R R R TR R R R R R TR R IR TR TR R AR RS R AT R R R R R R R R R R R R R e R T R R R
* E.G. Elev (m) * 178.52 * Element * reft OB * cChannel * Right 0B *
* vel Head (m) * 0.08 * wWt. n-val. # 0.030 = .07 = 0.030 =
* W.5. Elev (m) * 178.44 * Reach Len. (m)} * 3G.40 ~ 31.81 = 33.81 =
* Crit w.s. (m) * * Flow area {(m2) ¥ 5.64 43.74 * 5.41 *
* E.G. Slope (m/m) *0.000176 * Area (m2) # 5.64 = 43.74 * 5.41 *
* Q Total (m3/s} *  62.60 * Flow (m3/s) * 2.36 % 57.99 = 2.25 %
* Tog width (m) v 31.08 * Top width (m) * 5.80 * 19.68 = 5.60 *
* vel Total (m/s) % 1.14 * avg. vel. (m/s) * .42 = 1.33 = 0.42 =
* Max Chl ppth {(m) % 2.58 * Hydr. Depth (m) K Q.97 = 2.22 % 0.97 =
* Conv. Total (m3/s) * 4717.3 * conv. (m3/s) * 178.1 * 4369.7 * 169.6 *
* rength wtd. (m) w 31.88 * wetted Per, (m) * 6.1z =~ 19.77 * 5.93

= Min ch €1 (m) * 175.86 * shear (N/m2) * 1,59 = 3.82 = 1.58

* alpha * 1.26 * sStream Power (N/m s) * 0.67 = 5.07 ~* 0.66 *
* Frctn Loss (m) * 0.01 * Ccum volume (1000 m3) * 0.21 * 1.11 = 0.30 =
% C & E Loss (m) # * Cum SA (1000 m2) * 0.21 = 0.50 = 0.30 *

DR AR s s ] "-J-J-4-‘-J-'-J-J-'-J-'-J-‘-‘-‘-‘-'ci.‘r’ Fdedidedevidedededededede v fe e S deh kR

AEEAN AR AN RR LR R R RR N Sdonn

warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than

0.7 or greater than 1.4.

CROSS SECTION

RIVER:
REACH:

Turkey Creek
Main RS: 9.1
INPUT

Description:

station Elevation Data num=

This may indicate the need for additional cross sections,

29
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sta Elev

Sta Elev

dric.rep
sta

Sta Elav

Elev

sta

Elev

R e N R S A A R T A R AN R RN R A AR N RN RSN R R had i n ek de ki de ke dededededededede ke

0 181.5
94.617  179.5
103.725 177 1
114,417 176¢.06 1
131.458 178.5 1
142,388

Manning's n values
sta n val

84.
96.
06.
18.
.634
.457

32

181 143

335
484
858
776

181.5

num=

Sta n val

89.24
179 98.345
176.5 111.217
176.5 122.227
179 133.814
181.5 144.535

181
178.5

177
179.5
182

3

sta n val

E g Y L e L s st L Es

0 .03 106.858

Bank sta: Left

Right
106.858 118.776

.017 118.776

Lengths: Left Channel
0 0

.03

CROSS SECTION QUTPUT pProfile #100 yr

91.04
100.173

125.249

134.997
251.616

Right
0

180.5

182

Coeff contr.

92.826
178 101.97
176.06 111.817 175.86 113.817
177.5 130.295

180 136.182

B R L R L R E L R L e L P L T

* E.G. Elev {m) * 178.02 * Element * Left oB *
* yvel Head (m) * 0.12 * wt. n-val. * 0.030 =
* W.5. Elev (m) * 177.90 ¥ Reach Len. (m) * *
*Crit W.S. (m) * 177.20 * Flow Area (m2) = 5.05 *
* £.G. Slope (m/m) *Q.000375 * Area (m2) * 5.05 *
* g Total (m3/s) * 39.50 * Flow (m3/s) ¥ 2.76 =
® To€ width (m) * 28.79 * Top width (m) ¥ 6.34 =
* vel Total (m/s) k4 1.22 * avg. vel. (m/s) ¥ 0.55 =
* Max Chl ppth (m) ¥ 2.04 * Hydr. Depth (m) ¥ ¢.80 =
* conv. Total {(m3/s) * 2038.9 * Conv. (m3/s) “ 142.2 *
* rength wtd. (m) ® * Wetted Per. {m) # 6.50 ~
* Min ch ET (m) * 175.86 ¥ Shear (N/m2) # 2.86 *
* Alpha * 1.34 * stream Power {N/m s} * 1.56 =
* Fretn Loss (m) #* * cum volume (1000 m3) * *
* C & E Loss {m) * cum sA {1000 m2) * %
E R R R R e R o T R R R R e R R R L R I R X T a- R - T

CROSS SECTION QUTPUT Profile #Regional

el e dcdidehekdeh i hdcdidedrde e dodededededededededeve Ve ve e fede Ve kS de e e e At v 2

* E.G. Elev (m)

* vel Head (m)

* W.S. Elev (m)

* Ccrit W.S. (m)

* E.G. Slope {(m/m)
* Q Total {(m3/s)

* Top Width (m)

* vel Total (m/s)
* Max chl ppth (m)
* conv. Total (m3/
* Length wtd. (m)
* min ch E1 (m)

* Alpha

* Frctn Loss (m)

* C & E Loss (m)

Tl hadddddrhhddrhdend e dededevete et e

whhdd ki hhdhddhdandih i dedededededotedivede v

s)

¥ 178.51

* 178.36
* 177.53

*  62.60
= 32.27
= 1.35
= 2.50
* 3232.0

* 175.86
¥ 1.63

SUMMARY OF MANNING'S N VALUES

River:Turkey Creek

*
*

r

skock ook

o

SRR nT TR

Element

wt., n-val.
rReach Len. (m)
Flow Area (m2)
Area (m2)

Flow (m3/s)

Top width (m)
Avg. vel. (m/s)
Hydr. Depth {(m)
conv., (m3/s)
wetted Per. {(m)
shear (N/m2)

Stream Power (N/m s5)
* cum volume (1000 m3)

Ccum sA (1000 m2)

*

G.030

2.42

*

Channel
0.017

20.56
20.56
33.51
11.92
1.63
1.73
1729.7
12.03
6.29
10.25

Channel
0.017

26.00
26.00
49.53
11.92
1.90
2.18
2557.1
12.03
7.95
15.15

Expan .

* Right 08
% 0.030
"

* 6.77
* 6.77
* 3.24
* 10.54
* 0.48
* G.64
* 167.0
* 10.63
¥ 2.34
¥ 1.12

e

kd

* Right OB
* .030
= 12.13
* 12.13
® 7.66
¥ 12.35
¥* 0.63
* 0.98
* 395.5
* 12,53
* 3.56
* 2.25

Wedrdr il e dede bt dr it vt A de e A e e ke w kN e dr e A

stk A A h b bt hde e e e itk i n itk
ki rReach River Sta. * nl n2

EE L O E L L L L O e  C et et

*Main * 10 * .03+ L017%
*Main * 9.9 = .03* .017*
*Main ¥* 9.8 * .03* .017%
“Main ¥ 9.7 * .02* .017%
Main * 9.65 *Bridge * w
*Main * 9.6 * .02 .017+
*Main * 9.5 %* L02% 017+
*Main * 9.45 *Bridge @~ *
*Main * 9.4 * 02+ 017+
*Main * 9.3 * L02% 017
*Main ¥ 9.2 = .03 .017%
“*Main b 9.1 * ? 017*

wRA R e d ke dhdedc i e dedededededede

mlhddhdehdrde ik dededdedrddededede ket

SUMMARY OF REACH LENGTHS

Page 13

R S S A

%

g R S s T

LG3%
L03¥%
.03%
L02%

2%
_92*

.02*
.02*

W W NN AN R AN A bk ud

AR RA W R AW AN AR A A Ak Ak k

*
*
*
*
*

wdkdedddededewdododededededededededededy

sl R dk fh etk dek Ak kot ke

Left OB *

%

.

BETANu LD LGN LNk ke vk kT kvl ddoded



dric.rep

River: Turkey Creek

FoFdr dede dedede dodrdode B de do de dodo do de do dr 2o e de dode do g de e de e dede e de de e e de de ve ve e de e e e st de de e de e Ve de e Ve de Yo v dr v o

& rReach *  River sta. #* Left * channel * Right *

Fuhhdhdhdhdhdhdhdddhihddedehdddihhdendddeded e dededededodededododedededededededededodedodcdededededede e

*Main w 10 * 207.817* 210.778* 216.406%*
#*Main # . * 104.462* 100.685*  96.329*
*Main w . * 0 24.356% 24.248*  24.356%

*Main #
*Main *
*Main %
*Main B
*Main *
*Main *
“Main
*Main ¥
“Main #

TR SR de Yo e dek R deve e el deke

o 35.414%  35.414%  35.414%
* 8,508* 3% 8.362*
39.545: 39.545%
* 3.639* 5% 6.353%
* 4.02% 3.772% 4.02*
* 30.4%* 31.81*  33.814%
¥ 0* 0* 0*

Wik kv fhh Ak A A nhhh ok thh ki hhk

u
@
=
—
(=3

Ja
]

w
¥
m
-
i
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o
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-

C .
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EA LI NN T ¥s ENY. 2T
o
o
wn
N
N

-

“
%

adas Aol ek R e fe el Bl ek ek el ek ik Gk khkkk ik kv kb d ki ha ki hdhhhhddi ik

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: Turkey Creek

I ARt A AL b a R h Rt ARttt wde e e de e e edede e e
* Reach * River Sta. * Contr. % Expan., ¥
g L L R E T N LI RO IS
“Main * 0 * 1= .3*
'RMa-‘l n * 2% = 3I*
fcMa-'l n 13 2 1* *

2 7

w
bl
[es]
-1
—-.
Q.
e
m
3%
kL3

v
w
mw
=3
—
(=%
w
@
-
o

»
=
m
=
=
w
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e

WA VYV SI 020
w
w
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v
=
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ok
At
a*
B
3+
3t
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E
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Appendix A.6

Alternative 3

Detroit River International Crossing Study



Solve For: Headwater Elevation

Culvert Calculator Reporl
Basin Drain -All Alternatives - Reg Check

Culvert Summary

Allowable HVV Elevation 181.40 m Headwater Dapth/Height 1.20
Computed Headwater Elevat 180.32 m Discharge 8.1000 m3s
Inlet Conirel HW Elev. 180.32 m Tailwater Elevation 179.70 m
Qutlet Control HW Eiev. 180.32 m Contro!l Type inlet Control
Grades

Upstream Invert 17850 m Downstraam invert 17820 m
Length 58.00 m Constructad Slope 0.005172 mim
Hydraulic Profile

Profile Composite5182 Depth, Downstream 1.05 m
Slope Type Steep Normal Depth - 105 m
Flow Regime N/A Critical Depth 114 m
Velocity Downstream 3.62 m/s Critical Slope 0004178 m/m
Secticn

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 213 m
Section Size 2130 x 1520 mm Rise 152 m
Number Sections 1

Outlet Cantrol Properties

Cutlet Control HW Elev, 180.32 m Upstream Velocity Head 0.57 m
Ke 0.20 Entrance Loss 011 m
inlet Contro} Properties

inlet Control HW Elav. 180.32 m Flow Centrol Transition

inlet Type  90° headwall w 457 bevels Area Fuil 33 m?
4 0.49500 HOS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

Title: DEtrolt River Intemationa! Crossing
o dhydraulics\basin drain.cvm

11/08/06 04:42:06 PM

© Haestad Methods, Inc.

URS
37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana lgnacio
CulvertMaster v3.0 [3.0003]
Fage 1 of 1



Worksheet for Circular Channel

Project Description

Worksheet Titcome_prelimin
Flow Element Circular Channal
Method Manning's Formu
Soive For Full Flow Diamett
Input Data

Mannings Coeffici  0.013
Channel Slope 005000 m/m

Discharge 3,2000 m/s
Results

Depth 1.27 m
Diameter 1,269.0 mm
Flow Area 1.3 m?
Wetted Perimet 430 m
Taop Width 0.00 m
Critical Depth 097 m
Percent Full 100.0 %
Crifical Slope 005735 m/m
Velacity 253 mis
Velocity Head 033 m
Specific Energy 1.60 m
Froude Number  0.00
Maximum Disct 3.4423 mils
Discharge Full  3.2000 m'/s
Slope Full 005000 mim
Flow Type N/A

Notes: Discharge of 3.2 m3/s was taken from taking 50%
Drainage area B/S of Titcombe is approximately 274 ha, 55% o
50% of the entire subcatch.

From 1988 Maclaren report:

Catch # 140

DA =496 Ha.

100 yr existing = 6.4 m3/s
100 yr efuture = 16.7 m3/s

Title: Detroit River Intsmational Crossing Study
o\dric\19_waterresourcesthydraulicsititcombe.fm2

11/10/06 11:25:11 AM

© Maestad Methods, Inc.

Titcombe Drain

of the 100 year flow of subcatchment 140 of turkey creck watershed.

f the entire subcatch #140. Drainage area therefore U/S Titcombe crossing is app.

URS

37 Brockside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: Ana lgnacio

FiowMaster v7.0 [7.00035]
Page 1 of 1
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Appendix B

Hydrologic Analysis
Pre & Post Development Conditions

Detreit River International Crossing Study



DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix B.1

Pre-Development Condition

Detroit River International Crossing Study
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Appendix B.2

Post Development Condition

Detroit River Inlernational Crossing Study
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Appendix C

Stormwater Management
Computations

Detroit River International Cressing Study
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Appendix C.1

Alternative 1A

Detroit River International Crossing Study



Modified Rational Method

Project Name : Detroit River International Crossing  November 14, 2006 9.5 AM
Stormwater Management Study
Alternative 1A
100
Area = 6.36 ha
Ct = 0.9
AC= 5.724
Tc 5 14.4 min
Time Increment = 10.0 min Controlled Condition

Release Rate = 367.1 s “ 100 Year - Post Dev’t.

Max.Storage = 2376 m’ a= 2825

b= 13.74

Constant Inflows c= 0.880

I/s
100

Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume

{min) {mmv/hr) (Ifs) (m3) (m") (m’)
14.4 149.6 2380.56 2063.1 318.1 1745.0
24.4 114.5 1822.33 2672.7 538.4 21343
34.4 93.3 1485.01 3069.0 758.7 23104
444 79.1 1257.93 33545 978.9 2375.6
544 68.8 1094.07 3574.0 1199.2 2374.8
644 61.0 969.93 37504 14194 2331.0
74.4 54.8 872,45 3897.0 1639.7 22573
844 49.9 793.76 4021.7 1859.9 2161.8
94.4 45.8 728.82 4130.0 2080.2 2049.8
104.4 424 674.27 42254 23005 1925.0
114.4 395 627.76 4310.6 25207 1789.9
124.4 36.9 587.60 43874 2741.0 1646.5
134.4 34.7 552.30 4457.3 2061.2 1496.1
1d4.4 32.8 521.70 45214 31815 1339.9
154.4 311 49431 4580.6 3401.7 1178.8
164.4 295 469.81 46354 3622.0 1013.5

174.4 28.1 447.77 4686.6 38422 844.4

184.4 26.9 427.82 4734.6 4062.5 672.1

194.4 257 409.69 47797 42828 496.9

204.4 24.7 39312 4822.2 4503.0 319.2

2144 237 37792 4862.5 47233 139.3

2244 229 363.92 4900.8 4943.5 -42.8
2344 221 335098 49372 5163.8 -226.6
2444 213 338.99 4971.9 5384.0 -412.2

<L<g
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Project Name @ Detroit River International Crossing

Modified Rational Method

Stormwater Management Study
Alternative 1A

November 14, 2006

U158 AM

101
Area = 2.53 ha
"Ch 0.9
ACH 2.277
Te = 13.1 min
Time Increment 5 10.0 min Controlled Condition
Release Rate = 156.9 I/s “ 100 Year - Post Dev’t.
Max.Storage = 915 m’ a= 2825
b= 13.74
Constant Inflows c= 0.880
Is
101
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min) {mm/hr) (1/s) (md) (m’) (m)
13.1 155.9 987.16 778.5 123.8 654.8
23.1 118.1 747.36 1037.8 2179 §19.9
334 95.6 605.12 1203.4 3121 891.3
43.1 80.0 51045 13214 406.3 915.1
53.1 69.9 442.65 1411.5 5004 911.0
63.1 619 391.57 1483.5 594.6 888.9
73.1 55.5 3563 15432 688.8 834.4
83.1 50.5 319.48 i593.8 783.0 810.8
93.1 46.3 293.03 1637.6 877.1 760.5
103.1 428 270.85 1676.2 971.3 704.9
113.1 39.8 251.97 1710.5 1665.5 645.1
123.1 372 23570 1741.5 1159.6 5819
133.1 35.0 221.52 1769.6 1253.8 515.9
143.1 330 209.05 1795.4 1348.0 447.5
153.1 313 197.98 1819.2 1442.1 377.1
163.1 29.7 188.10 1841.2 1536.3 304.9
173.1 283 179.21 1861.8 1630.5 231.3
183.1 27.0 171.18 1881.0 1724.6 156.4
193.1 259 163.87 1899.1 1818.8 80.3
203.1 248 157.21 1916.1 1913.0 3.2
2131 239 [51.09 19323 2007.1 -714.9
223.1 230 145.46 1947.6 2101.3 -153.7
2331 222 140.27 1962.1 21955 -233.3
243.1 214 135.45 1976.0 2289.6 -313.6

el
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Project Name : Detroit River International Crossing

Modified Rational Method

Stormwater Management Study
Alternative 1A

November 14, 2006

W58 AM

102
Area = 5.60 ha
" 0.9
ACS] 5.04
Te= 14.3 min
Time Increment = 10.0 min Controlled Condition
Release Rate =) 675.0 ' /s [ 100 Year - Post Dev’t,
Max.Storage = 1363 Hm3 a= 2825
b= 13.74
Constant Inflows c= 0.880
Ifs
102
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
(min) (mm/hr) a/s) (m3) () ()
14.3 150.5 2108.53 1803.5 3714 1226.1
24.3 113.0 [611.58 23454 9824 1363.0
343 93.6 [312.08 2696.8 1387.4 1309.3
443 79.3 [110.79 20495 1792.4 1157.1
54.3 68.9 963.68 3143.6 2197.5 940.2
64.3 61.1 855.85 3299.6 206025 697.1
743 54.9 769.65 3429.0 3007.5 421.5
84.3 50.0 700.09 3539.2 34125 126.7
94.3 45.9 642.72 3634.8 3817.6 -182.8
104.3 424 594.53 3719.0 4222.6 -503.6
1143 39.5 553.46 3794.2 4627.6 -833.4
124.3 37.0 518.01 3861.9 5032.6 -1170.7
134.3 34.8 487.08 3923.6 5437.6 -1514.1
144.3 32.8 459.84 3980.1 5842.7 -1862.6
154.3 311 435.67 40323 62477 -22154
164.3 29.6 414.05 4080.6 6652.7 -2572.1
174.3 28.2 394.61 41258 70577 -2931.9
184.3 269 377.02 4168.0 7462.7 -3294.7
194.3 258 361.02 4207.8 7867.8 -3660.0
204.3 247 346.40 42453 82728 -4027.5
214.3 238 333.00 4280.8 8677.8 -4397.0
2243 229 320.65 43i4.3 9082.8 -4768.3
2343 221 309.25 4346.6 9487.9 -5141.3
2443 21.3 298.68 4377.2 9892.9 -5515.7
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Project Name : Detroit River International Crossing

Modified Rational Method

Stormwater Management Study
Alternative 1A

November L4, 2006

&:58 AM

103
Area = 2.60 ha
"C" = 0.9
ACSs 2.34
Te = 133 min
Time Increment = 10.0 min Controlled Condition
Release Rate 159.9 Is || 100 Year - Post Dev’t.
Max.Storage = 944 m’ a= 2825
b= 13.74
Constant Inflows c= 0.880
I/s
103
Time Rainfall Storm Runoff Released Storage
Iniensity Runoff Volume Volume Volume
(tnin) (mm/hr) (l/s) (m3) (m) (m’)
13.3 155.2 1009.34 805.5 127.6 677.8
233 117.6 765.20 1069.7 223.6 846.2
333 953 620.06 12389 319.5 919.3
43.3 80.4 523.32 1359.6 415.5 944.1
53.3 69.8 453.97 1451.8 5114 940.4
63.3 61.7 401.69 1525.6 607.4 918.2
733 55.5 360.79 1586.7 703.3 883.4
83.3 50.4 327.86 1638.0 799.3 839.3
933 46.2 300.75 1683.6 895.3 788.3
103.3 427 278.02 1723.1 991.2 7319
113.3 39.8 258.66 1758.4 1087.2 671.2
1233 372 241.98 1790.2 1183.1 607.0
133.3 35.0 22744 1819.0 1279.1 540.0
143.3 33.0 214.64 1845.5 1375.0 470.5
15333 313 203.29 1869.9 1471.0 398.9
163.3 29.7 193.15 1892.5 1566.9 3256
173.3 28.3 184.04 1913.6 1662.9 2350.7
183.3 21.0 173.79 1933.3 1758.9 i74.5
1933 259 168.30 1951.9 1854.8 97.1
2033 24.8 161.45 1969 .4 1950.8 187
2133 239 155.18 1986.0 2046.7 -60.7
2233 230 149.40 2001.7 21427 -141.0
2333 23,1 144.07 2016.7 2238.6 -222.0
2433 214 139.12 20309 23346 -303.6
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Project Name : Detroit River International Crossing

Modified Rational Method

November 14, 2006

Stormwater Management Study
Alternative 1A

9:58 AM

QR

104
Arca = 2.50 ha
"C' = 0.9
ACH 2,25
Tc = 8.9 min
Time Increment = 10.0 min Controlled Condition
Release Rate = 207.9 175 ( 100 Year - Post Dev’t.
Max.Storage = 775 |’ a=| 2825
b= 13.74
Constant Inflows c= (.880
/s
104
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
(min) (mmv/hr) {1fs) (m3) (m’) (m’)
8.9 181.2 1133.71 606.9 111.3 495.6
18.9 131.4 821.88 933.1 236.1 697.0
289 103.9 649.73 1127.5 360.8 766.7
38.9 86.3 5339.82 1260.7 485.6 775.1
48.9 74.1 463.24 1359.8 610.3 749.4
589 65.0 406.635 1437.6 735.1 702.6
68.9 538.0 363.03 i501.2 850.8 641.4
78.9 52.5 328.32 1554.7 984.6 570.1
88.9 48.0 300.00 1600.6 1109.3 491.3
98.9 44.2 276.44 1640.8 1234.1 406.7
108.9 41.0 256.51 1676.4 1358.9 317.5
118.9 383 239.42 1708.3 1483.6 2247
128.9 359 22458 1737.2 1608.4 128.9
138.9 33.8 211.59 1763.6 1733.1 305
148.9 32.0 200,10 1787.9 1857.9 -69.9
158.9 304 159.86 1810.4 1982.6 -172.2
168.9 289 180.68 1831.3 2107.4 -276.1
178.9 276 172.40 1850.8 22321 -381.3
188.9 264 164.90 1869.1 23569 -487.7
198.9 253 158.05 1886.4 2481.6 -395.2
208.9 243 151.79 1902.7 2606.4 -703.7
218.9 233 146.03 1918.2 2731.1 -813.0
2289 225 140.72 1932.9 2855.9 -923.0
238.9 21.7 135.81 1946.9 2980.7 -1033.8
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Praject Name : Detroit River International Crossing

Modified Rational Method

Stormwater Management Study
Alternative 1A

Novemnber 14, 2006

9:58 AN

105
Area = 2.50 ha
"Cr 0.9
ACs 2.25
Tc 5 10.9 min
Time Increment = 10.0 min Controlled Condition
Release Rmte =ff  177.6  |ilis ([ 100 Year - Post Dev’t.
Max.Storage = 847 m’ a=| 2825
b= 13.74
Constant Inflows c= 0.880
Is
105
Time Rainfall Storm Runoff Released Storage
Intensity Runoft Velume Yolume Volume
(min) (mmv/he) (s (m3) (m®) (m’)
10.9 168.2 105240 689.7 116.4 573.3
20.9 124.7 780.00 979.2 2229 756.3
309 99.8 624.05 1157.8 3294 §28.4
409 83.5 522.40 1282.7 436.0 846.7
50.9 72.0 450.61 1376.8 542.3 §34.3
60.9 63.5 397.05 1451.3 649.0 802.3
70.9 56.8 35547 15126 755.6 757.1
80.9 51.5 32221 1564.4 862.1 702.3
90.9 472 29495 1609.1 968.6 640.4
100.9 43.5 27219 1648.2 1075.2 573.1
1109 404 252.88 1683.0 1181.7 501.3
120.9 37.8 236.28 17143 1288.2 426.1
130.9 55 221.85 17427 1394.8 3479
140.9 334 209.18 1768.7 1501.3 267.3
150.9 31.6 197.96 1792.6 1607.8 184.7
160.9 300 187.95 18147 17144 100.3
170.9 28.6 178.96 1835.3 1820.9 14.4
180.9 273 170.84 1854.6 1927.4 =729
190.9 26.1 163.48 1872.7 2034.0 -161.3
200.9 251 156.76 1889.7 2140.5 -250.8
2109 241 150.60 19059 22470 -341.2
220.9 232 144,04 1921.2 2353.6 -432.4
230.9 223 139.71 19337 2460.1 -524.4
240.9 21.6 134.87 1949.6 2566.6 -617.0

L
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Project Name : Detroit River International Crossing

Modified Rational Mecthod

Stormwater Management Study
Alternative 1A

November 4, 2006

W38 AM

106
Area = 5.60 ha
RO 0.9
AC= 5.04
Te = 13.5 min
Time Increment = 10.0 min Controlled Condition
Release Rate = 338.5 Ifs || 100 Year - Post Dev’t.
Max.Storage = 2049 ' a= 2825
b 13.74
Constant Inflows €= 0.880
Ifs
106
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min) (mm/hr) (I/s) {m3) (m") (m")
13.5 154.0 2158.36 1751.1 274.6 1476.5
235 117.0 1639.46 23138 471.7 1836.1
335 94.9 132998 2675.0 680.8 1994.2
435 80.2 1123.29 2933.3 883.9 3049.4
535 69.6 974,94 31309 1087.0 2043.8
63.5 61.6 862.99 3289.1 1290.1 1999.0
73.5 553 775.34 34203 1493.2 1927.0
83.5 50.3 704.74 3531.7 1696.3 1835.3
935 46.1 646.58 3628.2 18994 1728.8
103.5 427 397.80 37132 2102.5 1610.6
1135 39.7 556.27 3788.9 2305.6 14833
1235 37.1 520.44 3857.2 2508.7 1348.4
133.5 349 489.21 3919.2 2711.8 1207.4
143.5 33.0 461.73 3976.1 29149 1061.2
153.5 31.2 437.35 4028.6 3118.0 910.5
163.5 29.7 415.56 4077.2 33211 756.1
173.5 383 395.97 4122.0 35242 598.3
183.5 270 378.25 4165.0 3727.3 437.7
193.5 258 362.14 4205.0 3930.4 274.5
203.5 248 347.43 4242.6 41335 109.1
2135 238 333,94 4278.3 4336.6 -58.4
2235 229 321.53 43121 4539.7 -227.6
2335 221 310.06 43443 47428 -398.6
2435 214 299.42 4375.0 49459 -571.0
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Project Name : Detroit River International Crossing

Modified Ratienal Method

Stormwater Management Study
Alternative 1A

November 4, 2006

9158 AM

107
Arca = 3.10 ha
"C" = 0.9
AC= 2.79
Tc = 14.8 min
Time Increment = 10.0 min Controlled Condition
Release Rate = 176.9 I/s | 100 Year - Post Dev’t.
Max.Storage = 1164 m’ a=s 2825
b=] 13.74
Constant Inflows c= 0.880
I/s
107
Time Rainfall Storm Runot? Released Storage
Intensity Runoff Volume Volume Volume
(min) {mm/hr) {1/s) {m3) (m%) (m%)
14.8 148.0 1148.00 1018.7 157.0 861.7
248 113.6 881.25 1310.7 263.1 1047.6
34.8 92.7 719.30 1501.4 369.2 11322
4.8 78.0 609.97 1639.2 475.3 1163.8
54.8 68.5 3309 1745.3 381.5 1163.8
64.8 60.7 470.94 1830.7 687.6 1143.1
74.8 54.6 423.80 1901.7 793.7 1108.0
84.8 49.7 385.7t 1962.2 899.9 1062.3
94.8 43.7 354.25 2014.7 1006.0 1008.7
104.8 423 327.81 2061.1 11121 948.9
114.8 394 305.26 2102.4 1218.3 884.2
124.8 36.8 285.78 21397 1324.4 815.4
134.8 347 268.78 2173.7 1430.5 743.2
1448 32.7 253.80 22049 1536.7 6G8.2
154.8 31.0 240.50 2233.6 1642.8 390.8
164.8 29.5 228.61 22603 1748.9 5114
174.8 28.1 21790 22852 1855.1 430.1
184.8 26.8 208.21 2308.5 1961.2 347.3
194.8 257 199.40 2330.5 20067.3 263.1
204.8 24.7 191.35 2351.2 21734 177.7
214.8 23.7 183.96 2370.8 2279.6 91.2
224.8 22.8 177.16 23894 23857 3.6
234.8 220 170.87 2407.1 2491.8 -84.8
244.8 213 165.04 2424.0 2598.0 -174.0
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Modified Rational Method

Projcct Name : Detroit River International Crossing November 14, 2006 .55 AM
Stormwater Management Study
Alternative 1A
108
Area s 3.96 ha
"C" = 0.9
ACs 3.564
Tc = 14.3 imin
Time Increment 5 10.0 l min Controlled Condition
Release Rate 5 2314 I I/s I 100 Year - Post Dev’t.
Max.Storage = 1471 I m’ a= 2825
b= 13.74
Constant Inflows c= 0.880
Ifs
108
Time Rainfatl Storm Runoff Released Storage
Intensity Runoff Veolume Volume Volume
(min} {(mm/hr) (1/s) {m3) (m’) (m’)
14.3 150.4 1490.51 12759 198.1 1077.8
243 1150 1139.33 1658.9 336.9 1321.9
343 93.0 927.64 1907.2 475.8 1431.5
44.3 79.3 785.35 2085.9 614.6 1471.3 <<
54.3 68.9 682.78 22231 7534 14697
04.3 6i.1 6035.13 23334 892.3 1441.1
743 549 544.19 24249 1031.1 1393.8
84.3 50.0 495.02 2502.8 11699 13329
94.3 459 45445 2570.4 1308.8 1261.6
104.3 42.4 420.38 26299 1447.6 11823
114.3 395 391.35 2683.1 1386.5 1096.6
124.3 37.0 366.28 2731.0 1725.3 1005.7
134.3 34.8 34441 2774.6 1864.1 9104
144.3 32.8 32516 2814.5 2003.0 811.6
154.3 311 308.06 2851.4 2141.8 709.6
164.3 20.6 292,78 2885.6 2280.7 605.0
174.3 28.2 279.03 29175 24195 4983
184.3 26.9 266.59 29474 25583 389.1
194.3 25.8 255.28 29755 2697.2 278.4
204.3 247 244.95 3002.1 2836.0 166.1
214.3 23.8 23547 3027.2 2974.8 523
2243 229 226.74 3051.0 31137 -62.7
2343 22.1 218.67 30737 32525 -178.8
244.3 21.3 211.20 3095.3 33914 -296.0
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Project Name : Detroit River International Crossing

Modified Rational Mecthod

Stormwater Management Study
Alternative 1A

Navember 14, 2K}

Yi3K AM

109
Area = 6.60 ha
"C" = 0.9
AC= 5.94
Tc = 24.3 min
Time Increment = 10.0 min Controlled Condition
Release Rate = 2703 is || 100 Year - Post Dev’t.
Max.Storage = 2847 m' a= 2825
b= 13.74
Constant Inflows e= 0.880
I3
109
Time Rainfal] Storm Runoff Released Storage
Intensity Runoff Yolume Volume Volume
(min) (min/hr) (1/s) (m3) (m) (m’)
243 114.9 189741 2766.4 394.1 23723
343 93.6 1545.12 31799 556.3 2623.6
443 79.2 13038.26 34774 718.5 27589
54.3 68.9 113747 3705.9 880.6 2825.3
4.3 61.1 1008.17 3889.5 1042.8 2846.7
74.3 54.9 906.68 4042.0 1205.0 2837.0
84.3 49.9 824.78 4171.7 1367.2 2804.6
94.3 45.9 757.21 4284.3 15293 2755.0
104.3 424 700.47 43835 1691.5 2692.0
114.3 395 652.09 4472.1 1853.7 26183
124.3 37.0 610.34 4551.9 20159 2536.0
1343 34.8 573.90 4624.5 2178.1 2446.5
144.3 328 541.82 4691.1 2340.2 23509
154.3 31l 513.35 4752.6 25024 2250.1
164.3 29.5 487.89 4809.6 2664.6 2145.0
174.3 28.2 464.98 4862 8 2826.8 2036.0
184.3 269 444.25 4912.6 2089.0 1923.6
194.3 25.8 42541 4959.4 3151.1 1808.3
204.3 247 408.19 5003.6 33133 1690.3
2143 238 392.40 5045.4 34755 1569.9
2243 229 377.85 5085.1 36377 1447.5
2343 22.1 364.41 51229 3799.9 13231
244.3 213 35196 5139.0 3962.0 1196.9
254.3 20.6 340.38 5193.4 4124.2 1069.2
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DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix C.2

Alternative 1B

Detroit River International Crossing Study



Project Name : Detroit River International Crossing

Modified Rational Method

Stormwater Management Study
Alternative 1B

Nevember L 2000

10:30 AM

100
Area = 6.36 ha
"C s 0.9
ACS 5.724
Te = 14.8 nin
Time Increment 5 10.0 min Controlled Condition
Release Rate =| 360.5 Ifs I 100 Year - Post Dev’t.
Max.Storage = 2395 m’ a= 2825
b=| 13.74
Constant Inflows c= 0.880
Iis
100
Time Rainfall Storm Runoff Released Slorage
Intensity Runoff Volume Volume Volume
(min) {mm/hr) ) (m3) (m3) (m')
14.8 147.8 2352.02 2093.3 3209 1772.4
24.8 113.5 1806.15 2691.2 537.2 2i34.0
34.8 92.7 [474.54 3081.8 753.5 23283
44.8 78.6 [250.58 33641 969.8 23942
54.8 68.4 1088.60 3581.5 1186.2 23954
64.8 60.7 965.7% 3756.6 1402.5 2354.1
74.8 34.6 8069.08 3902.2 1618.8 22834
84.8 49.7 791.00 4026.2 1835.1 2191.1
94.8 457 726.52 41339 20514 20825
104.8 423 672.32 42289 2267.7 19601.2
114.8 393 626.09 4313.7 24841 1829.7
124.8 36.8 586.13 4390.3 27004 1689.9
134.8 34.6 551.29 44599 2916.7 1543.2
144.8 327 520.58 4523.8 3133.0 1390.8
154.8 310 493.30 4582.8 33493 12334
164.8 2935 468.91 4637.5 3565.7 1071.8
174.8 28.1 446.96 4688.0 3782.0 906.6
184.8 26.8 427.09 4730.4 39983 738.1
194.8 257 409.01 4781.4 4214.6 560.8
204.8 247 392.50 4823.8 44309 392.9
214.8 237 371.35 4864.0 4647.3 216.8
224.8 22.8 3063.40 4902.2 4863.0 38.6
2348 22.0 350.50 4938.5 50799 -141.4
244 8 21.3 338.54 4973.2 5296.2 -323.0

<<
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Project Name ;: Detroit River Infernational Crossing

Modified Rational Method

Stormwater Management Study
Alternative 1B

Novemher 14, 2006

1030 AM

101
Arca = 2.70 ha
"C A 0.9
AC= 2.43
Tc = 10.2 min
Time Increment = 10.0 min Confrolled Condition
Release Rate = 201.9 Ifs Il 100 Year - Post Dev’t,
Max Storage = 890 m’ a=l| 2825
b= 13.74
Constant Inflows c=| 0.880
Ifs
101
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min) (mm/hr) {1/s) {m3) (m') (m’)
10.2 1727 1166.71 714.0 123.6 590.5
202 127.0 858.16 1040.1 244.7 795.4
30.2 101.2 683.72 1238.9 365.8 §73.1
40.2 845 570.84 1376.9 486.9 889.9 <<
50.2 728 491.49 1480.4 G08.1 8723
60.2 64.0 432.49 1562.2 729.2 833.0
70.2 57.3 3806.81 1629.3 850.3 778.9
80.2 519 350.34 1685.8 971.5 7i4.4
90.2 474 320.50 1734.5 1092.6 641.9
100.2 43.8 295.61 1777.2 1213.7 563.5
110.2 40.6 274.52 1815.1 13349 480.2
120.2 38.0 256.40 1849.1 1456.0 393.1
130.2 35.6 240.65 1880.0 1577.1 302.9
140.2 336 226.84 1908.2 1698.2 209.9
150.2 31.8 214.62 1934.2 1819.4 114.8
160.2 30.2 203.72 1958.2 1940.5 17.7
170.2 28.7 193.94 1980.6 2061.6 -81.1
180.2 274 185.12 2001.5 21828 -181.3
190.2 26.2 177.11 2021.1 2303.9 -282.8
200.2 25.1 169.80 2039.6 2425.0 -385.4
210.2 24.1 163.11 2057.1 2546.2 -489.0
220.2 232 1536.96 20737 2667.3 -593.6
230.2 224 151.28 2089.5 2788.4 -698.9
240.2 21.6 146.03 2104.5 2909.6 -805.0
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Project Name : Detroit River International Crossing

Modified Rational Method

Stormwater Management Study
Alternative 1B

November 14, 2006

10:30 AM

102
Arca 5.38 ha
RO 0.9
AcH 4842
Te = 124 min
Time Increment = 10.0 min Controlled Condition
Release Rate = 3446 [s [ 100 Year - Post Dev’t.
Max.Storage = 1917 m’ a= 2825
b= 13.74
Constant Intlows c= (.880
[/s
102
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min) {mm/hr) {1/3) (m3) (') (m')
124 159.6 2148.49 1604.2 2573 1346.9
224 120.1 1616.27 2176.6 464.1 1712.5
324 96.9 1303.93 2538.3 670.9 1867.5
424 81.5 1097.36 2794.6 877.6 1917.0
524 70.6 930.05 2989.5 1084.4 1905.1
624 62.4 839.40 31450 1291.2 1853.8
724 559 733.07 32733 1498.0 17754
824 50.8 683.72 3382.1 1704.7 1677.4
924 46.6 626.73 3476.2 1911.5 1564.7
102.4 43.0 579.00 35589 2118.3 1440.7
1124 40.0 538.43 3632.6 2325.1 1307.5
122.4 374 503.48 3098.9 2531.8 11671
1324 35.1 473.04 3739.1 2738.6 1020.5
142.4 33.2 446.28 38142 29454 868.9
1524 314 422.56 3865.1 31521 7129
162.4 208 401.38 39122 33589 5532
172.4 28.4 382.33 39306.1 3565.7 3904
1824 27.1 365.15 3997.1 37725 224.7
192.4 26.0 349.52 4035.7 3979.2 56.5
2024 249 335.25 4072.1 4186.0 -1139
2124 239 32217 4106.6 4392.8 -286.2
2224 23.0 310.14 41393 4599.6 -460.3
2324 222 299.02 4170.4 4806.3 -636.0
2424 214 268.73 4200.0 5013.1 -813.1

<<
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Modified Rational Method

Project Name : Detroit River International Crossing  sovember 14,2006 10:30 AM
Stormwater Management Study
Alternative 1B
103
Areca =| 4.50 ha
"Cr 0.9
AC= 4.05
Te o 14.4 min
Time Increment o 10.0 min Controlled Condition
Release Rate = 260.9 1/5 || 100 Year - Post Dev’t.
Max.Storage = 1678 m’ a= 2825
b= 13.74
Constant Inflows c= 0.880
1/s
103
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Yolume Volume Volume
{min) {mm/he) (/s {m3} (m’) (m%)
14.4 149.8 1686.11 1457.9 225.6 12323
244 114.6 1290.37 1890.0 3822 1507.8
34.4 934 1051.35 21707 3387 1632.0
44.4 79.1 890.49 23729 695.2 1677.6
54.4 68.8 77444 25283 851.8 1676.5
64.4 61.0 686.53 2653.2 1008.3 1644.9
74.4 54.8 617.51 2757.0 1164.9 1592.1
84 4 49.9 561.79 28453 13214 1523.8
94.4 45.8 515.82 2921.9 1478.0 14439
104.4 424 477.20 2989.5 1634.5 13549
114.4 395 44427 3049.8 1791.1 1258.7
124.4 369 415.84 31049 1947.6 1156.3
1344 347 391.04 3153.6 2104.2 1049.4
1444 328 369.20 3199.0 2260.7 938.2
154.4 31.1 349.81 3240.8 2417.3 823.5
164.4 29.5 33247 3279.7 2573.8 705.8
174.4 281 316.87 33159 27304 385.5
184.4 209 30275 33408 2886.9 462.9
1944 25.7 289.91 3381.7 30435 3383
204.4 247 278.19 34119 3200.0 211.8
2144 238 267.43 34404 3336.6 83.8
2244 229 257.52 34674 3513.1 -45.7
2344 22 248.37 34932 3669.7 -176.5
244 4 21.3 239.88 3517.8 3826.2 -308.5

<€
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Modified Rational Method

Project Name : Detroit River International Crossing  ~ovember 14, 2006 10:30 AM

Stormwater Management Study
Alternative 1B

104
Area =5 2.74 ha
"C = 0.9
AC= 2.466
Te 5 10.0 min
Time Increment = 10.0 min Controlled Condition
Release Rate = 207.7 Ifs H 100 Year - Post Dev't.
Max.Storage = 896 m’ a=l| 2825
b= 13.74
Constant Inflows €= 0.880
I/s
104
Time Rainfall Storm Runoff Released Storage
Intensity Runotf Volume Volume Volume
{min) {mm/hr) (1/s) (m3) () ()
10.0 173.9 1192.28 716.2 124.8 501.4
20.0 127.7 875.16 1050.8 249.4 801.4
30.0 101.6 696.48 12541 3740 880.1
40.0 84.8 581.08 1395.0 498.6 896.4
50.0 729 500,07 1300.3 623.2 §77.3
60.0 64.2 439.89 15839 747.9 836.0
70.0 574 39332 16522 8725 779.7
830.0 52.0 356.16 1709.8 997.1 7127
90.0 47.5 325.77 1759.4 1121.7 637.6
100.0 438 300.43 1802.8 1246.3 556.4
110.0 40.7 278.96 1841.3 1371.0 470.3
120.0 38.0 260.52 18759 1493.6 3803
130.0 33.7 244,50 1907.3 1620.2 287.1
140.0 33.6 230.45 1935.9 1744.8 191.1
150.0 31.8 218.02 1962.3 1869.4 92.9
160.0 30.2 206.94 1986.8 1994.1 -1.3
170.0 287 197.00 2009.5 2118.7 -109.2
180.0 274 188.02 2030.7 22433 -212.6
190.0 26.2 179.88 2050.7 23679 -317.2
200.0 252 172.45 2069.5 24925 -423.0
2100 242 165.65 2087.3 2617.2 -529.9
220.0 233 159.40 21041 2741.8 -637.7
230.0 224 153.63 21202 2866.4 -746.2
240.0 21.6 148.29 21354 2991.0 -855.6

<
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Modified Rational Method

Stormwater Management Study
Alternative 1B

Praject Name : Detroit River International Crossing

November 14, 2006

10:30 AM

105
Area = 7.21 ha
"C" = 0.9
ACs 6.489
Te = 16.3 min
Time Increment = 10.0 min Controlled Condition

Release Rate 5 383.5 s "_ 100 Year - Post Dev’t.

Max, Storage = 2796 m’ a= L 2825

b= 13.74

Constant Inflows c= 0.880

s
105

Time Raintall Storm Runoff Released Storage
intensity Runoff Volume Volume Volume

(min) (mmvhr) (s) (m3) (m’) (m’)
i6.3 141.5 2552.29 2494 4 374.8 2119.6
26.3 109.9 1981 .87 3126.1 605.0 2521.1
36.3 90.3 1628.74 3546.3 835.1 2711.2
46.3 76.9 1387.42 38533 1065.2 2788.1
56.3 67.2 1211.49 4091.6 12953 2796.3
66.3 59.7 1077.23 4284.5 15255 2759.0
76.3 53.8 971.20 44433 1755.6 2689.9
86.3 49.1 885.23 4583.1 1985.7 2597.4
96.3 45.1 814.03 47029 22158 2487.1
106.3 413 754.04 4808.8 2446.0 2362.8
116.3 39.0 702.76 4903.4 2676.1 22273
126.3 36.5 658.41 4989.0 2906.2 2082.8
136.3 343 619.63 5066.9 3136.3 1930.6
146.3 325 585.42 51385 33664 1772.0
156.3 30.8 555.02 5204.6 3596.6 1608.0
166.3 293 52779 5266.0 3826.7 1439.3
176.3 27.9 503.27 5323.3 4056.8 1266.5
186.3 26.7 481.06 3377.0 4286.9 1090.1
196.3 255 460.85 5427.4 4517.1 910.5
206.3 24.5 44237 5475.3 4747.2 728.1
216.3 23.6 425.40 55205 4977.3 5432
226.3 227 409.76 5563.5 5207.4 356.1
236.3 219 395.31 3604 .4 54376 166.8
246.3 21.2 381.90 5643.4 56677 -24.3

<<
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Modified Rational Method
Project Name : Detroit River International Crossing — November 14, 2006 10:30 AM

Stormwater Management Study
Alternative 1B

106
Area s 6.17 ha
"C" = 0.9
AC= 5.553
Tc = 21.6 min
Time Increment 5 10.0 min Controlled Condition
Release Rate = 2725 1/s "_ 180 Year - Post Dev’t.
Max.Storage = 2586 m’ a= 2825
b= 13.74
Constant Inflows c= 0.580
Ifs
106
Time Rainfall Storm Runoff Released Storage
Intensity Runoft Volume Volume Volume
(min) (mm/hr) (t/s) (m3) (m’) (m’)
21.6 122.5 1890.43 2455.0 353.8 2101.2
316 98.4 1518.58 2883.3 517.3 2365.9
41.6 82.6 1274.48 31845 680.8 2503.7
51.6 71.3 1101.28 34123 8443 2568.2
61.6 62.9 971.64 35938 1007.8 2586.0
71.6 564 870.77 3743.1 1171.3 2571.9
81.6 51.2 789.90 3869.5 13347 2534.7
91.6 46.9 723.55 3978.6 14982 24804
101.6 433 668.08 4074 .4 1661.7 24127
111.6 40.2 620.96 4159.6 1825.2 23344
121.6 37.6 580.41 4236.2 1988.7 22475
131.6 353 545.13 4305.8 21522 2153.6
141.6 333 514.13 4369.5 23156 2053.8
151.6 315 486.68 4428.1 2479.1 1949.0
1616 299 462.17 4482.4 2642.6 1839.8
171.6 28.5 440.16 4533.1 2806.1 1727.0
181.6 27.2 420.27 4580.4 2969.6 1610.8
191.6 26.1 402.21 46249 3133.1 1491.8
201.6 25.0 385.73 4666.8 3296.5 1370.3
211.6 240 370.63 4706.5 3460.0 1246.5
221.0 231 356.74 47442 3623.5 1120.6
2316 22.3 34391 47799 3787.0 993.0
241.6 215 332.03 4814.1 3950.5 863.6
251.6 208 321.00 4846.7 4114.0 732.7

<<<<
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Modified Rational Method

Project Name : Detroit River International Crossing  vovember 14,2006

Stormwater Management Study
Alternative 1B

10:33 AM

107
Area = 6.56 ha
g
AC=
Te =
Time Increment = Controlled Condition
Release Rate = “ 100 Year - Post Dev't,
Max.Storage = a= 2825
b= 13.74
Constant Inflows = 0.880
I/s
107
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min) {mmv'hr) (/) (m3) (m?) (m"
243 114.9 1885.91 2749.7 391.7 2358.0
34.3 93.6 1535.76 3160.6 552.9 2607.7
443 79.2 1300.33 3456.3 714.1 2742.2
54.3 689 1130.58 36834 875.3 2808.1
64.3 61.1 1002.00 3866.0 1036.5 2829.5
74.3 54.9 901.19 4017.5 1197.7 2819.8
84.3 49.9 819.78 4146.3 1358.9 2787.6
94.3 459 752.63 42584 1520.1 27383
104.3 424 696.22 4357.0 1681.2 26757
114.3 39.5 648.14 44449 1842.4 2602.5
124.3 370 606.64 45243 2003.6 2520.7
134.3 34.8 57043 4596.5 2164.8 24317
144.3 32.8 538.54 4662.7 2326.0 2336.7
134.3 31 510.24 47238 2487.2 2236.5
164.3 295 484.93 4780.4 2648.4 21320
174.3 282 462.16 48333 2809.6 20237
184.3 26.9 441.56 4882.8 2970.8 1912.06
194.3 258 422.83 49293 3132.0 1797.3
204.3 247 405.72 49733 32932 1680.1
2143 238 390.02 5014.8 34544 1560.5
2243 229 375.56 5054.3 3615.6 1438.7
234.3 22.1 362.20 5091.9 3776.8 13151
244.3 213 349.82 5127.7 3938.0 1189.8
254.3 206 338.31 5162.0 4099.1 1062.8

<<
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DRAFT July 2007 Practical Alternatives Evaluation Assessment Repori
Revised December 2007 Stormwater Management Plan

Appendix C.3

Alternative 2A

Detroit River International Crossing Study



Alt 2A_100_Quan_Vol.xls

Modified Rational Method

Project Name : Detroit River International Crossing
Stormwater Management Study Alternative 2A

November 16, 2006

Project No. : 33015384
100
Arca = 6.36 ha
"C" = 0.9
AC=|| 5724
Te = 14.8 min
Time Increment = 2.0 min
Release Rate = 0.4 s I|One Hundred Year
Max.Storage =[| 3688  [Im3 a= 2824505
b= 13.74
Constant Inflows c= 0.880
Roofiop | 0.0 I/s
Rooftop 2 0.0 I/s
External Area; 0.0 I/s
1/s
Time Rainfall Storm Runoff Released Storage
[ntensity Runoff Volume Volume Volume
(min} (mmv/hr) (s} (m3) (m3) {(m3)
14.8 148.1 2356,05 2089.0 0.3 2088.7
16.8 139.5 2219.63 2234.4 0.4 2234.1
18.8 131.9 2099.04 2364.9 0.4 2364.5
20.8 125.2 1991.63 24829 0.4 24825
22.8 119.1 1895.32 2590.3 0.5 2589.8
24.8 113.6 1808.44 2688.0 0.5 2688.0
26.8 108.7 1729.65 2779.0 0.6 2778.4
28.8 104.2 1657.85 2862.6 0.6 2861.9
30.8 100.1 1592.13 20401 0.7 2939.5
32.8 96.3 1531.73 30124 0.7 3011.7
34.8 G928 1476.03 3080.0 0.8 3079.2
36.8 89.5 1424.48 3143.3 0.8 31426
38.8 86.5 1376.63 3203.0 0.8 3202.1
40.8 83.7 1332.09 3259.2 0.9 3258.3
42.8 8l.1 1290.52 33123 0.9 33114
44.8 78.7 1251.62 3362.7 1.0 3361.7
46.8 76.4 121515 34105 1.0 3409.5
48.8 74.2 1 180,87 3456.0 1.t 34550
50.8 72.2 1148.60 3499.4 It 3498.3
52.8 703 IT18.15 3540.8 1.1 3539.7
54.8 68.5 1089.38 3580.4 1.2 3579.2
56.8 66.7 1062.15 36184 1.2 36171
58.8 65.1 1036.32 3654.8 1.3 3653.5
60.8 63.6 1011.81 3689.7 1.3 3688.4

9l AM

<L




Alt 2A_101_Quan_Vol.xls

16/11/2006

Modified Rational Method

Project Name : Detroit River International Crossing November 16, 2006 9:42 AM
Stormwater Management Study Allernative 2A
Project No. : 33015384
101
Area= 1.69 ha
"C! = 0.9
AC=| 1.521
Tc= 10.4 min
Time Increment = 2.0 min
Release Rate = 0.1 I/s [[One Hundred Year
Max.Storage = 959 m3 a= 2824.505
b= £3.74
Constant Inflows c= 0.880
Roofltop | 0.0 s
Rooftop 2| 0.0 s
External Area 0.0 "i/s
/s
Time Rainfall Storm Runoff Released Storage
Intensity Runoff VYelume Volume Volume
{min} (mnvhr) (1/s) (m3) (m3) (m3)
10.4 171.7 725.83 451.5 0.1 4514
2.4 160.0 676.67 50214 0.1 502.0
14,4 150.0 634.11 546.0 0.1 546.5
16.4 141.2 596.89 586.1 0.1 586.0
8.4 133.4 564.04 621.0 0.t 621.4
20.4 126.5 534,83 653.6 0.2 653.4
224 120.3 508.67 682.6 0.2 682.5
244 1147 48510 709.2 0.2 709.0
26.4 109.7 463.75 7337 0.2 7334
284 105.1 44431 756.2 0.2 756.0
30.4 100.9 426.53 777.1 0.2 7769
324 97,0 41021 796.6 0.3 796.4
34.4 93.5 395.16 814.8 0.3 §14.6
36.4 502 381.25 831.9 0.3 831.6
384 87.1 368.34 847.9 0.3 847.6
40.4 84.3 356.33 863.0 0.3 8627
424 81.6 345.13 877.3 0.3 §71.0
444 79.1 334.66 890.6 0.3 890.5
6.4 76.8 324.84 903.7 0.4 903.3
48,4 74.6 31561 915.9 0.4 915.5
50.4 72.6 300.93 927.5 0.4 927.2
524 70.7 298.74 938.7 0.4 938.2
54.4 68.8 291.04 949.3 04 948.9
56.4 67.1 283.69 959.4 0.+ 959.0 <<




Alt 2A_102_Quan_Vol.xIs
16/11/2006

Medified Rational Method
Project Name : Detroit River International Crossing November 16, 2006 9:43 AM
Stormwater Management Study Alternative 2A
Project No. : 33015384
102
Arca = 5.19 ha
"= 0.9
ACH|l 4.671
Tc = 14.4 min
Time Increment = 2.0 min
Release Rate = 0.3 Ifs [[One Hundred Year
Max.Storage = 3005 m3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Rooflop | 0.0 s
Rooftop 2 0.8 /s
External Area 0.4 /s
s
Time Rainfall Storn Runoff Released Storage
Intensity Runoff Volume Yolume Velume
{inin} (mm/hr) (l/s) (m3) {m3) (m3)
14.4 149.8 1944.65 1681.5 0.3 1681.2
16.4 141.0 1830.67 1802.6 0.3 1802.3
18.4 133.2 1730.07 1911.2 0.3 1910.8
20.4 126.3 1640,59 2009.2 0.4 2008.8
224 120.2 1560.45 2098.3 0.4 20979
24.4 114.6 1488.23 2179.8 04 21793
26.4 109.6 1422.80 23547 0.3 22542
28.4 105.0 1363.22 2323.8 0.5 23233
30.4 100.8 1308.72 2383.0 03 23874
324 96.9 1258.68 24477 0.6 24471
344 93.4 1212.56 2503.5 0.6 25029
36.4 90.1 1169.50 25558 0.7 2555.2
384 87.0 1130.33 2605.0 0.7 2604.3
40.4 84.2 1093.51 2651.4 0.7 2650.7
424 8l.6 1059.16 2695.2 0.8 2694.4
44.4 79.1 1027.04 2736.7 08 27359
46.4 76.8 996.93 2776.1 08 27753
484 74.6 968.64 2813.6 0.9 28127
504 725 942.01 28493 0.9 28484
524 70.6 916.9¢ 28834 0.9 2882.4
54.4 68.8 893.18 29159 1.0 2915.0
564 67.1 870.74 20472 1.0 2946.1
38.4 65.4 849.46 2977.1 1.1 2976.0
60.4 639 826,27 3005.8 1.1 3004.7 e




Alt 2A_103_Quan_Vol.xls

16/11/2006

Modified Rational Method

Project Name : Detroit River International Crossing November 16, 2006 9:43 AM
Stormwater Management Study Alternative ZA
Project No. : 33015384
103 |
Area = 331 ha
= 0.9
AC=[| 2.979
Te = 13.1 min
Time Increment = 2.0 min
Release Rate = 0.2 s “Onc Hundred Year
Max.Storage = l 1905 | m3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Rooftop 1 0.0 /s
Rooftop 2 3.0 I/s
External Area 0.0 Ifs
I/s
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min) {mmv/hr) (I/s} {m3) (m3) (m3}
[3.1 156.0 1291,98 1018.1 0.2 1017.9
5.1 146.5 1212.89 1101.3 0.2 1101.1
17.1 138.1 1143.47 11755 02 11753
19.1 [30.7 1082.02 12422 a2 1241.9
211 124.0 1027.22 1302.5 0.3 1302.2
231 118.1 978.03 1357.5 0.3 1357.2
251 1nxa 933.01 1407.9 .3 1407.6
27.1 107.9 893.29 1454.3 0.3 1453.9
29.1 103.4 856.51 1497.2 0.4 1496.8
31 99.4 §22.83 1537.0 0.4 1536.6
33.1 95.6 791.85 15742 0.4 1573.8
35.1 922 763.26 1609.0 0.4 1608.5
37.1 89.0 736,79 1641.6 0.5 1641.1
30.1 86.0 71221 1672.3 0.5 1671.8
41.1 83.2 689.32 1701.2 0.5 1700.7
431 80.7 667.94 1728.6 0.5 1728.1
45.1 78.2 647.93 1754.6 0.6 1754.0
47.1 76.0 629.16 1779.3 0.6 1778.7
49.1 73.8 611.52 1802.7 0.6 1802.1
501 71.8 594.89 1825.1 0.6 1824.5
53.1 69.9 579.21 1846.5 0.7 1845.8
55.1 68.1 564.38 1867.0 0.7 1866.3
571 66.5 550.34 1886.6 0.7 1885.9
59.1 64.8 537.03 1905.4 0.7 1904.6 <<




Alt 2A_104_Quan_Vol.xls
16/11/2008

Modified Rational Method
Project Name : Detroit River International Crossing November 16, 2006 9:43 AM
Stormwater Management Study Alternative 2A
Project No. : 33015384
104
Area = 4.93 ha
"C" 0.9
AC=|| 4.437
Tc = 11.2 min
Time Increment = 2.0 min
Releasc Rate = 0.3 Hs HOnc Hundred Year
Max.Storage =|| 2809 |[m3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Roofiop | 0.0 /s
Roofiop 2 0.0 s
Extcrnal Area 0.0 s
I/s
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
(inin) (mm/hn) (1/s) {m3) (m3) (m3)
1.2 166.7 2056.59 1379.3 0.2 1379.1
13.2 155.8 i921.51 15193 03 1519.0
152 146.3 1804.06 16429 0.3 1642.6
17.2 137.9 1700.96 1753.1 0.4 1752.8
19.2 130.5 1609.67 1852.2 0.4 1851.8
212 1239 1528.25 1941.9 0.4 1941.5
232 i18.0 1455.16 2023.6 0.5 20232
352 112.6 138914 2098.5 0.5 2098.0
272 107.8 1329.21 2167.5 0.6 2166.9
292 103.3 1274.55 22313 0.6 2230.7
31.2 099.3 1224.47 2290.6 0.6 32899
33.2 95.5 1178.42 2345.8 0.7 2345.2
52 92.1 113592 239715 0.7 2396.8
37.2 88.9 1096.56 2446.1 0.8 24453
39.2 859 1060.00 2491.7 0.8 24909
41.2 83.2 1025.96 2534.8 0.8 25340
432 80.6 994.16 35755 0.9 25747
45.2 78.2 964.41 2614.2 0.9 2613.3
47.2 759 936.49 26509 1.0 2649.9
49.2 73.8 910.24 2685.8 1.0 2684.8
51.2 7L.8 885.52 2719.1 1.0 2718.1
53.2 69.9 862.18 2750.9 1.1 27499
55.2 68.1 840.13 2781.4 1.1 2780.3
57.2 664 §19.24 2810.5 [.2 2809.4 <gag




Alt 2A_105_Quan_Vol.xis
16/11/2006

Modified Rational Method
Project Name : Detroit River International Crossing November 16, 2006 9:43 AM
Stormwater Management Study Alternative 2A
Project No. : 33015384
165
Area = 2.61 ha
"C" 0.9
AC=|[ 2.349
Tc = 10.9  {min
Time Increment = 2.0 min
Release Rate = 0.2 /s Hane Hundred Year
Max.Storage = 1485 I m3 a:“ 2824.505
b=]| 13.74
Constant Inflows c:" 0.880
Roofltop | .0 /s
Rooflop 2 .0 Ifs
External Arca 0.0 Us
I/s
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Velume Volume Volume
(min} (mi/he) {1/s) (m3) {m3) (m3}
10.9 168.5 1100.45 718.2 0. 718.1
129 157.3 1027.35 793.8 0.1 793.7
14.9 147.6 963.90 8604 0.2 860.3
16.9 139.1 908.27 919.8 0.2 919.6
18.9 131.6 §59.07 973.0 a2 972.8
20.9 124.8 815,24 1021.2 02 1021.0
229 118.8 77593 1065.1 0.3 1064.8
249 113.4 74045 1i0s5.2 03 1105.0
269 108.5 708.27 11422 0.3 1141.9
28.9 104.0 678.94 1176.4 0.3 1176.0
309 99.9 652.08 1208.1 0.4 1207.7
329 96.1 627.40 12377 0.4 12373
349 92.6 604.63 1265.3 0.4 1264.9
30.9 89.4 583.50 £291.2 0.4 1290.8
38.9 86.4 563.99 1315.6 04 1315.2
40.9 83.6 545,78 1338.6 0.5 1338.1
429 81.0 528.78 13604 0.5 1359.9
449 78.5 51287 1381.0 3.5 1380.5
409 76.3 497,95 1400.6 0.5 1400.0
48.9 74.1 483.92 1419.2 0.6 1418.6
530.9 721 47072 1436.9 0.6 1436.4
529 70.2 158.26 1453.9 0.6 [453.3
549 68.4 446.48 1470.1 0.6 [469.5
569 66.7 435.34 1485.7 0.6 1485.0 L




Alt 2A_106_Quan_Vol.xls

16/11/2006

Project Name : Detroit River International Crossing

Modified Rational Method

November 16, 2006

Stormwater Management Study Alternative 2A

Project No. : 33015384
Arca= 53 ha
"= 0.9
AC= 4.77
Te = 15.8 min
Time Increment = 2.0 min
Releasce Rate = 0.3 I/s llOnc Hundred Year
Max.Storage =|| 3088 |m3 a= 824505
b= 13,74
Constant Inflows c= 0.880
Rooftop | 0.0 s
Rooftop 2 6.0 /s
External Arca 0.0 I/s
s
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Yolume
(min) (muw/'hr) (1/s) {(m3) {(m3) (m3)
15.8 1437 1905.35 1802.5 03 1802.2
17.8 1356 1798.50 19172 0.3 19416.9
19.8 128.5 1703.69 2020.6 0.3 2020.2
21.8 1221 [618.95 2114.3 0.4 2114.0
238 1163 [542.73 21999 0.4 21995
258 111.1 1473.79 2278.5 0.4 22780
27.8 106.4 141111 2350.9 0.5 23504
29.8 1021 1353.87 2418.0 0.5 24175
3.8 98.1 1301.37 2480.4 0.6 2479.9
33.8 94.5 1253.03 2538.6 0.6 25381
35.8 91.1 1208.37 2593.2 0.6 25925
37.8 88.0 1166.99 2044.4 0.7 2643.7
39.8 85.1 1128.51 2692.6 07 2691.9
41.8 824 1092.65 27382 0.7 2737.5
4338 799 1059.14 27813 0.8 2780.5
458 71.5 1027.75 2812 0.8 2821.4
47.8 753 G98.28 2861.1 0.8 2860.3
49.8 732 970.56 2808.1 0.9 2897.2
518 7.2 944.44 39334 0.9 2932.5
53.8 69.4 919.77 2967.2 0.9 2966.3
55.8 67.6 896.44 29995 1.0 2998.5
57.8 65.9 874.34 3030.5 1.0 3029.5
59.8 64,4 853.37 3060.2 1.0 3059.1
61.8 62.9 83345 3088.8 I.1 30877

9 AM

<R




Alt 2A_107_Quan_Vol.xls
16/11/2006

Modified Rational Method
Project Name : Detroit River International Crossing November 16, 2006 9:44 AM
Stormwater Management Study Alternative 2A
Project No. : 33015384
107
Arca= 7.06 ha
"C" = 0.9
AC=|| 6.354
Tc= 16.1 min
Time Increment = 2.0 min
Release Rate = 0.4 I lOne Hundred Year
Max.Storage =[| 4119 j[m3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Rooftop | 0.0 I/s
Rooftop 2 0.8 I/s
External Area 0.0 I/s
I/s
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
(min) {mmv/hr} (I/s) (m3) (m3) (m3)
16.1 142.3 2513.93 2426.8 0.4 24264
18.1 £34.4 2374.39 25770 0.4 25760.6
20.1 1274 2250.41 27125 0.5 27120
22.1 121.1 2139.48 2835.5 0.5 2835.0
24,1 115.5 2039.62 2947.9 05 2947.4
26.1 1103 1949.22 3051.2 0.6 3050.6
28.4 108.7 1866.96 3146.5 0.6 3145.8
30.1 101.4 1791.78 32348 0.7 3234.1
321 97.5 1722.79 33169 0.7 331602
341 93.9 1659.23 3393.7 08 33929
36.1 90.6 1600.48 3465.6 0.8 3464.8
38.1 87.5 1546.04 3533.1 0.9 35323
40.1 84.7 1495.34 3596.8 0.9 35959
42.1 32.0 1448.10 3656.9 i.0 3656.0
44.1 79.5 1403.93 37139 1.0 37129
46.1 77.1 1362.55 37679 1.1 37669
48.1 74.9 1323.69 38193 1.1 38E8.2
501 729 1287.12 3868.2 1.1 3867.1
524 70.9 1252.64 39149 1.2 3937
541 69.1 1220.08 3959.6 1.2 3958.3
56.1 67.3 1189.28 4002.3 1.3 4001.0
58.1 65.7 1160.09 4043.3 1.3 4042.0
60.1 64.1 1132.39 4082.6 1.4 4081.3
62.1 62.6 1106.06 4120.5 1.4 4119.0 (L2 <4




s|x' vz uondQoeD thay easy pucd

WRITTMT NV 686
VT UM VT uendg ey 1hay wary puud pATO[OIpSE RSOSSN A TR IDHONG

'sIN0Y pZ 1aA0 asea|al ebeiay

10JUDD LDISIT JO UDNUBIAQ PEPUBIXT JO 181eBID)
AWNJOA Jouny X Baly ,

BU/ WOY UO pased

{ey/, Woy - BU/, WOSE) ssBusnopvadw; 968 'lenuely ubisag) pue Buluueld WAMS €002 BOW BYLJO 2'¢ alqe ], Buisn pateinojed

{ssausnoiuadu] , WwWSE) ays ay) 1o} ssausnojaadul) uc paseq |

'S8l0N
0EE'8t [ 8e2'Zl | OECOL LI P) 05821 68191 £82°01 60771 = UONBABIXT JO BUINJOA BleIX0iddy
yiv'9 998’5 vEP'E LBE'V 12L°8 vreE'S 0LL2 91’9 = aWn|oA (oAU Auenp pue AEenD [elol
9v9'y £62'F 686'1 l2e'e ¥B8'Z GSE'E 1222 9%y = IMN Woyy yldap wgg'L @ suwinjop (oo fauens jeloy
Ive's 626'S 12L's Lv0's ves't §29'6 696°c ¥80'9 (W) Jeynq w o yim Juswainbay eaiy puod
L8y'e A 1891 [GEF v0ET 520't &bl poc'e {, W} juswalinbay easy puod
189"t 126'L 625 680°L 006 69E'1 629 009°L [8A27 JBIEA [BLUICN 1B BaJy puld
0092 00°ve 00'8 0081 00SL 00ce 00701 0062 10] 21enbs & Buiwnsse juawannbar yipim wolog puod
9/9 9.5 ¥9 ¥ee gze ¥ap 00k 529 (W) weweinhay ealy wWoNog puod
SL19LL |SLBIGL| SLvby S 65GL SLEv8 G/ 68EL G.evS | 62°B99L SUIN|OA
0092 002 008 0081 00'GH 0022 00701 0062 JpiM WoNog pauwnssy
0] aJenbs BuiwNsSy poUlBW JOMT pue |Bll]
00'S 00'S 00 00'S 00°G 00's 00's 005 ['H LA ado|g paubisag
08l 08’1 08’1l 08t 08’1l 08’1 08l 08’1l dag ebeiols Aluend pawnssy
05| 05l 051 051 051 0G| 051 E yideq (004 JUSUBUIISJ pRunsSsy
YA gzl £59 EEC'L 528 00E°L [TR3 065°L (W) Abay "j0A uonuelaq papuaixy [ejol
591 GZE'L £59 EET'} 528 00E'L Ser 065"} (W) LUOIS WIIGE * BWINJOA [OAUOD UOISOIT
282 Zie vol 261 2e1 80¢ 89 ¥52 {W) BUM|OA UGIUBISQ PapUsIXT
gsr'l el av5 Geo'l £69 T60'L 1GE oee'| (o) ,paNNbay swnjop (00d JusueWIad
00'5e 0052 006z 00'se 00's2 0052 00's2 00'se {wwj {wioig wwgg} BUINjOA jjouny
00’1 00’4 001 00’1 00’1 00’1 00’1 001 ealy obeulel() jo ssausnojaadu]
LA £€6G 9z 6% £t ] Ll ) {eu) ealy abeuleiq
101 90l 501 vol €01 z0l 10l 004 Q| abeureig
8d-vVe | .dVZ | 9d-ve 5d-Ve vd-VE £d-ve zd-ve 1d-¥2 "oN Ajlioe 4 JuatiobeUBY] J9jeMULICIS

VZ oAneuIalY
1994S uole(naje) Juswalinbay ealy puod juswabeuep 181EMWI0IS




DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix C.4

Alternative 2B

Detroit River International Crossing Study



Alt 2B_100_Quan_Vol.xis
16/11/2008

Modified Rational Method
Project Name : Detroit River International Crossing November 16, 2006 9:46 AM
Stormwalter Management Study Alternative 2B
Project No. : 33015384
100
Area = 6.36 ha
"C" = 0.9
AC=i 5.724
Tc= 14.8 min
Time Increment = 2.0 min
Release Rate = 04 /s I]Onc Hundred Year
Max.Storage = 3688 m3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Roofltop | 0.0 I/s
Rooftop 2 0.0 /s
External Area 0.0 s
I/s
Time Rainfatl Storm Runoff Released Storage
Intensity Runoff Vaolume Volume Volume
(min) {mmvhr} (/s) (m3) (m3) (m3)
14.8 148.1 2356.05 2089.0 0.3 2088.7
16.8 139.5 2219.63 22344 0.4 22341
188 1319 2099.04 2364.9 0.4 2364.5
08 1252 1991.63 24829 0.4 24825
228 F19.1 1895.32 2590.3 0.5 2589.8
248 113.6 1808.44 2688.6 0.5 2688.0
20.8 108.7 1729.65 2779.0 0.6 2778.4
28.8 104.2 1657.85 28626 0.6 2861.9
30.8 100.1 1592.13 20401 0.7 2939.5
328 96.3 1531.73 30124 0.7 30107
34.8 2.8 1476,03 3080.0 0.8 30792
368 89.5 1424 48 31433 0.8 3142.6
38.8 86.5 £376.03 3203.0 0.8 3202.1
40.8 837 1332.09 3359.2 0.9 32583
42.8 8l.1 1260.52 33123 ce 33114
44.8 787 1251.62 33627 1.0 3361.7
46.8 704 1215.15 3410.5 1.0 3409.5
48.8 742 1180.87 3456.0 1.1 34550
50.8 722 1148.60 34994 1.1 3498.3
52.8 70.3 1118.15 35408 1.1 35397
54.8 68.5 1089.38 3580.4 1.2 3579.2
56.8 60.7 1062.15 3618.4 1.2 36171
58.8 65.1 1036.32 36548 1.3 3653.5
6.8 63.6 1011.8¢ 3689.7 1.3 3688.4 <Cag




Alt 2B_101_Quan_Volxis

16/11/2006

Modified Rational Method

Project Name : Detroit River International Crossing November 16, 2006 9:47 AM
Stormwater Management Study Alternative 2B
Project No. : 33015384
101 |
Arca = 213 ha
"C' = 0.9
AC=| 1917
Te = 10.4 min
Time Increment = 20 ] min
Release Rate = 0.2 | I/s ||Onc Hundred Year
Max.Storage = | 1209 I m3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Rooftop | 0.8 s
Rooflop 2 0.6 /s
External Arca 0.0 I/s
/s
Time Rainfall Storm Runoff Released Storage
intensity Runoff Volume Volume Yolume
(min) (mm/hr} {/5) (m3) {m3) {m3}
10.4 171.7 915.18 568.6 0.1 568.5
12.4 160.1 853.16 632.5 0.1 632.4
14.4 150.0 799.48 688.6 0.1 688.5
16.4 141.2 752.54 738.5 0.2 7383
18.4 1334 71111 783.2 0.2 783.0
20.4 126.5 674.27 8235 0.2 8233
224 E20.3 641.28 860.2 0.2 860.0
24.4 1148 611.56 £93.7 0.2 893.5
26.4 109.7 584.63 924.5 0.3 924.2
28.4 105.1 560.12 953.0 03 952.7
304 100.9 537.70 979.3 0.3 979.0
324 970 51712 1603.9 0.3 1003.6
344 93.5 498.15 1026.8 0.3 1026.5
36.4 90.2 480.60 1048.4 0.3 1048.0
38.4 87.1 464.33 1068.6 04 1068.2
40.4 84.3 449,19 1087.6 0.4 1087.2
424 81.6 435.06 1105.6 4 1105.2
44.4 79.2 421.86 11227 3.4 11223
46.4 76.8 409.48 1138.9 0.4 1138.4
48.4 4.9 397.85 11543 3.5 1153.8
50.4 72.6 386.90 1169.0 0.5 1168.5
524 70.7 376.58 1183.0 {1 11825
54.4 68.8 366.83 1196.4 0.5 1195.8
56.4 67.1 357.60 1209.2 0.5 1208.6 <<




Alt 28_102_Quan_Vol.xis
16/11/20086

Modified Rational Method
Project Name : Detroit River International Crossing November 16, 2006 9:47 AM
Stormwater Management Study Alternative 2B
Project No. : 33015384
102 |
Area = 6.54 ha
Cr= 0.9
AC=[l 5.886
Tc = 14.8 min
Time Increment = 2.0 min
Release Rate = 0.4 Us {lOne Hundred Year
Max.Storage =|| 3794 |im3 am 2824.505
b= 13.74
Constant Inflows c= 0.880
Rooflop 1 0.0 I/s
Rooftop 2 0.0 I/s
External Area 0.0 s
I/s
Time Rainfali Siorm Runoff Released Storage
Intensity Runoff Volume Volume Volume
(min) (mim/hr) {i/s) (m3) (m3) {m3)
14.8 1479 241942 2151.7 03 2151.3
16.8 1393 2279.53 2300.8 0.4 2300.4
18.8 131.8 215585 24347 0.4 24343
20.8 125.0 2045.08 35557 0.5 25553
228 190 1946.88 2665.9 0.5 2665.4
24.8 1135 1857.74 2766.8 0.6 2766.2
26.8 108.6 1776.89 2859.6 0.6 2859.0
28.8 104.1 1703.20 20454 0.6 2944.8
308 100.0 1635.75 3025.0 6.7 30244
328 06.2 1573.76 3099.3 0.7 3098.5
34.8 927 1516.58 3168.6 0.8 31679
36.8 89.4 1463.66 32337 0.8 32329
38.8 86.4 1414.54 32949 0.9 3294.1
40.8 83.7 1368.81 33527 0.9 3351.8
42.8 81.0 1326.12 3407.3 1.0 3400.3
44.8 78.6 1286.19 3459.0 1.0 3458.0
46.8 76.3 1248.73 3508.1 1.0 35071
48.8 74.2 [213.54 35549 1.k 35538
50.8 72.1 1180.39 3599.4 1.4 3598.3
52.8 70.2 1149.12 3642.0 1.2 3640.8
548 68.4 1119.57 3682.7 1.2 3681.4
56.8 66.7 1091.60 37216 [.3 3720.4
58.8 65.1 1065.08 3759.0 .3 371517
60.8 63.6 1039.90 37949 1.4 3793.6 g




Alt 2B_103_Cuan_Vol.xls
16/11/2006

Modified Rational Method
Project Name : Detroit River International Crossing November 16, 2006 9:47 AM
Stormwater Management Study Alternative 2B
Project No. : 33015384
103
Area= 7.21 ha
"Ch = 0.9
AC=|| 6.48%
Te = 21.1 min
Time Increment = 2.0 min
Release Rate = 0.3 I/s ||Onc Hundred Year
Max. Storage =j{ 4298 ||m3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Roofiop 1 0.0 ifs
Rooftop 2 0.0 Ifs
External Area 0.8 I/s
I/s
Time Rainfalt Sterm Runoff Released Sterage
Intensity Runoff Volume Yolume Volume
{min) (mnvhr) (s} (m3) (m3) (m3)
211 124.0 2236.91 28379 0.4 2837.5
23.1 118.1 2129.82 2957.6 0.4 2957.2
251 1127 2033.12 3067.3 0.5 3066.8
27.1 107.8 1945.33 31683 0.5 3167.8
29.1 103.4 1865.27 3261.7 0.6 3261.2
31 99.3 179193 3348.5 0.6 33479
331 95.6 1724.49 3429.4 0.6 3428.8
35.1 92.1 1662.24 3505.1 0.7 35044
37.1 80.0 1604 .61 35376.1 0.7 3575.4
391 80.0 1551.09 3643.0 0.8 3642.2
4t.1 832 150124 3706.1 .8 37053
43.1 80.0 1454.69 3765.7 .8 3764.9
45.1 782 1411.12 38223 G.9 3821.4
47.1 76.0 1370.25 3876.0 0.9 3875.1
49.1 738 1331.82 39271 0.9 3926.2
51.1 71.8 1295.63 39759 1.0 39749
531 69.9 1261.48 4022.4 1.0 40214
551 68.1 122919 4067.0 1.1 4065.9
571 66.4 1198.62 4109.7 .1 4108.6
59.1 64.8 1169.62 4150.6 11 4149.5
61.1 63.3 1142.09 4189.9 1.2 4188.8
63.1 61.9 111590 4227.8 1.2 4226.6
65.1 60.5 1090.97 4264.2 1.3 4263.0
67.1 592 1067.19 42994 1.3 4268.1 <L




Alt 2B_104_Quan_Vol.xls
16/11/2006

Meodified Rational Method
Project Name : Detroit River International Crossing November 16, 2006 9:47 AM
Stormwater Management Study Alternative 2B
Project No. : 33015384
104
Area = 234  |ha
"C' = 0.9
ACH|[ 2106
Tg = 9.7 min
Time Increment = 2.6 min
Release Rate = 0.2 ||i/s ||Onc Hundred Year
Max.Storage = 1323 [m3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Rooftop | 0.0 Ifs
Rooftop 2 0.0 Is
External Area 0.0 /s
Ifs
Time Ratnfall Storm Runoff Released Storage
[ntensity Runoff Volume Volume Volume
(min} {ronvhr) (I/s) {m3) (m3) (m3)
9.7 176.1 1030.97 598.6 0.1 598.5
1.7 163.8 959.23 672.1 0.1 672.0
137 153.3 897.38 736.5 0.1 736.3
15.7 144.1 843.47 793.4 0.2 793.3
17.7 136.0 796,03 8443 0.2 844.1
19.7 128.8 753.95 890.2 0.2 890.0
21.7 1224 716.36 931.7 0.2 931.5
23.7 16.6 682.55 969.7 03 969.4
25.7 1114 651.98 1004.5 0.3 1004.2
2.3 106.6 624.20 1036.6 43 1036.3
207 102.3 598.82 1066.3 0.3 1066.0
31.7 98.3 575.55 1093.9 0.3 1093.6
337 94.6 554.14 197 04 11194
357 913 534.35 11439 G4 11435
37.7 88.1 516.02 1166.5 0.4 1166.1
39.7 85.2 498.98 1187.9 0.4 1£87.5
41.7 825 483.10 1208.1 0.5 1207.6
43.7 80.0 468.26 1227.1 0.5 12267
457 716 454.36 12452 0.5 12448
47.7 754 441.31 1262.4 0.5 12689
49.7 733 429.04 1278.8 0.5 12783
517 713 417.48 12945 0.6 12939
53.7 69.4 406,56 1309.4 0.6 1308.8
55.7 677 396.23 1333.7 0.6 1323.1 <<<<




Alt 2B_105_CQan_Vol.xls

16/11/2006

Modified Rational Method

Project Name : Detroit River International Crossing November 16, 2006 047 AM
Stormwater Management Study Alternative 2B
Project No. : 33015384
105 |
Arca = 5.77 ha
"C = 0.9
AC=H| 5.193
Tc = 20.3 min
Time Increment = 2.0 min
Release Rate = 0.3 I/s HOne Hundred Year
Max.Storage =|| 3428 |lm3 a= 2824.505
b= 13.74
Constant Inflows c= 0.880
Rooftop | ] 6.0 s
Rooflop 2 0.0 ls
External Arca 0.0 1/s
I/s
Time Rainfall Storm Runoff Released Sterage
Intensity Runoff Volume Volume Volume
{(min} (mrmhr} (1/s) (m3) (m3} (m3)
203 126.7 1829.17 22279 0.3 22276
223 12005 1739.54 2327.5 0.4 23210
243 114.9 1658.80 24185 0.4 2418.1
26.3 109.8 1585.66 2502.2 04 25017
283 105.2 1519.09 25794 0.5 25789
30.3 101.0 1458.21 2651.0 5 2650.5
323 97.1 1402.32 27807 0.5 2717.2
343 93.6 1350.81 2780.0 0.0 27794
363 903 13063.19 28383 0.6 28377
383 87.2 1259.01 2893.2 0.6 2892.6
40.3 84.4 121751 2944.9 0.7 2944.3
423 81.7 1179.58 2993.8 0.7 2993.1
4.3 79.2 114373 30400 0.7 30393
46.3 76.9 1§110.14 3084.0 08 3083.2
48.3 74.7 1078.58 31257 0.8 3125.0
50.3 729 1048.89 3E65.5 0.8 31647
523 707 1020.88 3203.5 0.8 3202.7
543 68.9 994.43 3239.8 0.9 3239.0
50.3 67.1 969.50 32746 0.9 32737
583 63.5 945.67 3308.0 0.9 3307.0
60.3 63.9 923.16 33400 1.0 3339.0
62.3 62.5 901.75 3370.8 1.0 3369.7
64.3 61.1 38139 34004 1.0 33993
66.3 59.7 861.98 34289 1.1 3427.9 <L




Alt 28_106_Quan_Vol.xls
16/11/2006

Modified Rational Method
Project Name : Detroit River International Crossing Noveniber 16, 2006 948 AN
Stormwater Management Study Aliernative 2B
Project No. : 33015384
106
Area= 9.32 ha
= 0.9
AC=l 8388
Te = 16.4 min
Time Increment = 2.0 min
Release Rate = 0.5 s lOne Hundred Year
Max.Storage =|| 5444 |Im3 a= 2824.505
b= 13.74
Constant Inflows €= 0.880
Rooftop | 0.0 /s
Rooftop 2 0.0 s
External Area 0.0 Is
I/s
Time Rainfalt Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
(min) (mavhr) (I/s) {m3} (m3) (m3)
10.4 141.2 3291.72 32325 G.5 32320
184 1334 3110.58 34279 0.5 34273
20.4 126.5 2949.49 3604.3 0.6 3603.7
224 [20.3 2805.23 37646 0.7 37640
244 P47 2675.25 39112 0.7 32105
26.4 1097 2557.50 4046.0 0.8 4045.2
28.4 105.1 2450.29 4170.4 0.8 4169.6
304 100.9 235224 4285.8 0.9 42849
324 97.0 22622 4393.2 1.0 43923
344 93.5 2179.24 4493.6 1.0 4492.6
3604 90.2 2102.51 4587.7 1.1 4586.6
38.4 87.1 2031.33 4676.1 Il 4675.0
40.4 84.3 1965.10 4759.5 1.2 4758.3
424 81.6 1903.32 4838.3 1.2 4837.0
44.4 79.1 1845.55 49129 1.3 4911.6
46.4 76.8 1791.40 4983.7 1.4 49823
48.4 74.6 1740.54 5051.0 1.4 5049.6
50.4 726 [692.66 51152 1.5 5113.7
524 70.7 1647.52 5176.5 1.5 5175.0
54.4 688 [604.87 5235.1 1.6 5233.5
56.4 67.1 [564.51 5291.2 1.7 52895
58.4 65.5 £526.26 53449 1.7 5343.2
60.4 63.9 1489.95 5396.6 1.8 5394.8
62.4 62,4 1455.44 5446.2 1.8 5444.4 <
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DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix C.5

Alternative 2B —~ Revised

Detroit River International Crossing Study



Alt 2B Revised _A_Quan_Volxls

17/11/2006

Project Name : Detroit River International Crossing

Modified Rational Method

November 17, 2006

3:49 PM

Stormwater Management Study Alternative 2B Revised Profile

Project No. : 33015384
[ 2BR - P1 |
Arca=|| 1943 |ha
"C" = 0.9
AC=|| 17.487
Tc = 30,9 min
Time Increment = 2.0 min __
Release Rate = 0.6 Ifs ”Onc Hundred Year
Max.Storage = 12001 |im3 a=)| 2824505
b= 13,74
Constant Inflows c=| 0.880
Rooftop 1 | 0.0 s
Rooftop 2 0.0 Irs
External Area 0.0 I/s
I/s
Titne Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min} (mm/hr) (1/s) (m3) (m3) (m3)
309 99.8 4853.23 8995.0 1.1 8993.9
329 96.1 4669.57 9214.9 1.1 9213.8
34.9 92.6 4500.15 9420.6 1.2 9419.4
369 89.3 4343.34 9613.5 1.3 9612.3
389 86.3 419776 9795.0 1.3 9793.7
40.9 836 4062.22 9966.2 1.4 9964.8
429 81.0 3935.70 10128.1 1.5 10126.7
44.9 78.5 3817.31 10281.5 i3 10280.0
46.9 76.2 3706.27 10427.2 1.6 10425.6
43.9 7314 3604.92 t0565.9 1.7 10564.2
50.9 72.1 350365 10698.0 1.7 10696.3
5.9 70.2 341093 10824.3 1.8 10822.4
549 68.4 3323.30 10945.0 1.9 109431
56.9 66.7 324035 118606 1.9 11058.7
58.9 63.0 3161.70 il171.5 2.0 11169.5
60.9 63.5 3087.01 11278.1 2.1 11276.0
62.9 62.0 301600 11380.6 22 11378.4
64.9 60.6 2048.39 11479.3 22 11477.0
66.9 56.3 2883.93 11574.4 23 115721
68.9 58.1 282242 116662 24 11663.8
709 56.8 2763.63 117549 24 11752.4
72.9 55.7 2707.41 11840.6 2.5 11838.1
749 53.6 2653.58 11923.6 26 11921.0
76.9 53.5 2601.97 12¢04.0 2.6 12001.3

<<




Alt 2B Revised_B_Quan_Val.xls

17/111/2006

Modified Rational Method
Project Name : Detroit River International Crossing

Stormwater Management Study Aliernative 2B Revised Profile
Project No. : 33015384

November 17, 2006

2BR - P2
Area = 6.22 ha
"Ch = 0.9
AC=| 5.598
Tc = 15.2 min
Time Increment = 2.0 min
Release Rate = 0.3 Us ]@e Hundred Year
Max.Storage =| 3614  [|m3 a= 2824.505
b= 13.74
Constant Inflaws o= 0.880
Rooftop 1 0.8 s
Roofiop 2 0.0 Is
External Ared 0.0 Vs
Vs
Time Rainfall Storm Runoff’ Released Storage
Intensity Runoff Volume Volume Voiume
(min} {mmkr) (1/s) (m3) {m3} (m3}
i5.2 146.3 2276.66 2072.2 G.3 20719
17.2 137.9 2146.51 22113 0.3 2211.0
19.2 130.5 2035.29 2336.4 0.4 23360
212 123.9 1928.52 2449.6 0.4 24492
232 118.0 1836.26 2552.8 0.4 25523
252 112.6 1752.94 2647.3 0.5 2646.8
27.2 107.8 1677.30 27343 0.5 27338
292 103.3 1608.31 2814.9 0.0 28143
312 §0.3 1545.11 28897 0.6 2889.1
33.2 95.5 1486.98 2959.4 0.6 2058.8
352 92.1 1433.34 3024.6 0.7 3024.0
7.2 88.9 1383.67 30859 0.7 30852
392 85.9 1337.54 3143.5 0.8 3427
41.2 83.2 1294.57 31979 0.8 3197.1
432 80.6 1254.45 32493 08 3248.5
452 78.2 121690 3298.0 6.9 32972
47.2 759 1181.66 33443 0.9 3343.4
492 73.8 1148.54 33884 0.9 33875
51. 71.8 1117.34 34305 1.0 34283
53.2 69.9 1087.90 3470.6 1.0 3469.6
55.2 68.1 1060.06 3509.0 1.1 3508.0
572 66.4 1033.71 3545.8 i.l 35447
59.2 64.8 1008.71 3581.1 1.1 3580.0
61.2 63.3 08497 3615.1 1.2 3613.9

3:46 I'M

LLX-4




Alt 28 Revised_C_Quan_Vel.xls

17/11/2006

Project Name : Detroit River International Crossing
Stormwater Management Study Alternative 2B Revised Profile

Modified Rational Method

Project No. : 33015384

November 17, 2008

2BR-P3
Area = 8.67 ha
"C" = 0.9
AC=| 7.803
Tc = 16.2 min
Time Increment = 2.0 min
Release Rate={| 0.4 jils [[One Hundred Year
Max.Storage 5 5060 m3 a= 2824.505
b= 13.74
Constant Inflows c 0.580
Roofiop 1| 0.0 |Us
Roofiop 2 0.0 /s
External Area 0.0 /s
Ifs
Time Rainfail Storm Runoff Reieased Storage
Intensity Runoff Volume Volume Volume
(min) {mmvhr) (/%) (m3) {m3) {m3)
16.2 142.0 3080.76 2987.1 0.4 2986.7
182 1342 2910.13 3170.9 0.5 3170.4
202 127.2 2758.50 3336.7 0.5 3336.2
222 1209 262280 3487.3 0.6 3486.7
24.2 115.3 2500.61 3624.9 0.6 3624.3
26.2 1102 2389.97 37513 0.7 3750.6
28.2 105.5 2289.29 1868.0 0.7 3867.3
30.2 1013 2197.25 3976.1 0.8 3975.4
32.2 97.4 2112.78 4076.8 0.8 4076.0
34,2 93.8 2034.9% 4170.8 09 43700
36.2 90.5 1963.60 42589 09 4258.0
38.2 87.4 1896.28 4341.7 1.0 43408
- 40.2 84.6 1834.22 44197 1.0 4418.7
42.2 81.9 1776.34 4493 4 1.1 4492.4
44.2 79.4 1722.23 4563.2 1.1 4562.
46.2 77.1 1671.53 4629.5 1.2 4628.3
48.2 749 1623.91 4692.4 12 4691.2
50.2 72.8 1579.09 4752.4 1.3 47512
522 70.8 1536.84 4809.7 1.3 4808.4
54.2 69.0 1496.94 4864.4 1.4 4863.1
56.2 67.3 1459.18 4916.9 1.4 49154
58.2 65.6 1423.40 4967.1 1.5 4965.6
60.2 64.1 1389.45 5015.3 1.5 5013.8
62.2 62.6 1357.18 5061.7 1.6 5060.2

3:47PM

<L




Alt 2B Revised_D_ Quan_Vol.xls

17/11/2006

Project Name :

Modified Rational Method

Detroit River International Crossing

November 17, 2006

4:06 PM

Stormwater Management Study Alternative 2B Revised Profile

Project No. : 33015384
2BR - P4
Area = 6.36  |ha
" = 0.9
AC= 5.724
Tc= 12.9 min
Time Increment = 2.0 min
Release Rate = 0.4 Vs ||6ne Hundred Year
Max.Storage = 3636 |im3 a= 2824.505
b+ 13.74
Constant Inflows e=|| 0.380 |
Roofiop 1 0.0 Vs
Rooftop 2 0.0 s
External Area] 0.0 /s
I/s
Time Rainfall Storm Runof¥ Released Storage
Intensity Runcit Volume Volume Volume
{min) (mmw/hr) (1/5) (m3) {m3) (m3)
12.9 157.1 2499.94 1938.0 0.3 1937.7
149 147.4 234576 2099.9 0.3 2099.6
i6.9 1358.9 2210.56 22442 0.4 22438
18.9 1314 2090.99 2373.7 0.4 2373.3
209 124.7 1984 .44 2490.9 0.5 24904
29 118.7 1888.85 2597.5 0.5 2597.0
245 1133 1802.59 26952 0.6 2694.7
269 108.4 172433 27851 0.6 2784.5
289 103.% 1652.98 2868.3 0.6 2867.6
30.9 99.8 1587.66 29454 0.7 29447
3209 96.0 1527.62 30174 0.7 3016.6
34.9 92.5 1472.23 3084.6 6.8 3083.8
36.9 §9.3 1420.96 31477 0.8 3146.9
38.9 86.3 1373.36 3207.1 0.9 3206.2
409 83.5 1329.04 32634 0.9 3262.1
429 80.9 1287.67 3316.0 1.0 3315.0
449 78.5 1248.95 3366.2 i0 3365.2
469 76.2 1212.64 3413.8 1.0 3412.8
48.9 74.1 1178.52 34592 1.1 3458.1
50.9 72.0 1146.38 3502.4 i 3501.3
529 701 1116.05 3543.7 1.2 3542.5
549 68.3 1087.40 3583.2 1.2 3582.0
56.9 66.6 1060.26 3621.0 1.3 3619.7
58.9 65.0 1034.54 3657.3 1.3 3656.0 <<=
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DRAFT July 2007 Practical Alternatives Evaluation Assessment Report
Revised December 2007 Stormwater Management Plan

Appendix C.6

Alternative 3 — Tunnel

Detroit River International Crossing Study



Modified Rational Method

Project Name : Detroit River International Crossing  November 14,2006 L1:19 AM
Stormwater Management Study
Alternative 3
100
Arca = 6.36 ha
O 0.9
AC= 5.724
Te= 14.4 min
Time Increment 5 10.0 min Controiled Condition

Release Rate = 367.0 I/s || - 100 Year - Post Dev't,

Max.Storage =| 2376 fim" a=|| 2825

b= 13.74

Constant Inflows c=| 0.880 I
Ifs
100

Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume

(min) {mm/hr) {I/s} (m3) (m’*) (m")
14.4 149.6 2380.56 2063.1 318.1 1745.0
244 114.5 1822.33 26727 338.3 21344
34.4 93.3 1485.01 3069.0 758.6 23105
44.4 79.1 1257.93 33345 973.8 23757
54.4 68.8 1094.07 3574.0 1199.0 23749
64.4 61.0 969.93 37504 1419.2 2331.2
74.4 54.8 872.45 3897.0 1639.5 23575
84.4 499 793.76 4021.7 1859.7 2162.0
94 .4 45.8 728.82 4130.0 2079.9 2050.1
104.4 424 674.27 42254 2300.1 1925.3
114.4 395 627.76 4310.6 25204 1790.2
124.4 30.9 387.60 4387.4 2740.0 1646.8
134.4 34.7 552.56 4457.3 2660.8 1466.5
144.4 328 521.76 45214 318L.0 1340.4
154.4 311 49431 4580.6 3401.3 1179.3
164.4 295 469.81 4635.4 3621.5 1014.0
174.4 28.1 447,77 4680.6 3841.7 §44.9
184.4 206.9 427.82 4734.6 4001.9 672.6

194.4 25.7 409.69 4779.7 4282.2 497.5

204.4 247 393.12 48222 45024 319.8
2144 23.7 377.92 4862.5 4722.6 139.9

224.4 229 363.92 4900.8 49428 -42.1
234.4 22.1 350.98 49372 3163.1 -225.9
244.4 21.3 338.99 4971.9 5383.3 -411.4

<
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Modified Rational Method

Project Name : Detroit River International Crossing  wovember 14, 2006 11:19 AM
Stormwater Management Study
Alternative 3
101
Area = 2.80 ha
"C" s 0.9
ACH 2.52
Te= 13.9 min
Time Increment = 10.0 Imin Controlled Condition
Release Rate = 167.3 I/s " 100 Year - Post Dev't,
Max.Storage 5 1030 m’ a= 2825
b= 13.74
Constant Inflows c= 0.880
I/s
101
Time Rainfall Storm Runoff Released Storage
lotensity Runoff Volume Volume Volume
(min) (mm/hr) (l/s) {m3) (m") (')
13.9 1524 1067.32 888.0 139.2 748.8
23.9 116.1 813.12 1164.4 239.6 924.8
33.9 94.3 660,75 13427 340.0 1002.7
439 79.7 558.69 1470.5 440.3 1030.1
53.9 69.3 485.29 1568.4 540.7 1027.7
63.9 6l.4 429.81 1647.0 641.1 1005.9
739 55.1 386.33 1712.2 741.5 970.7
§3.9 50.1 351.27 1767.6 8419 9238
93.9 46.0 32238 1815.0 09422 873.4
103.9 42.6 298.13 1858.0 1042.6 §15.3
113.9 36.6 277.47 1895.7 1143.0 7527
1239 371 259.65 1929.7 1243.4 686.3
133.9 34.8 244,10 1960.6 1343.8 016.9
1439 32.9 23042 1989.0 1444.1 544.9
153.9 31.2 218.28 2035.1 1544.5 470.6
163.9 29.6 207.43 20394 16449 364.5
173.9 28.2 197.60 2062.0 17453 316.8
1839 27.0 188.83 2083.2 18457 237.6
1939 258 180.81 21031 1646.0 157.1
2039 24.8 173.47 21219 2046.4 75.5
2139 23.8 166.75 21397 2146.8 -7.1
2239 229 160.56 2i506.6 22472 -90.6
233.9 221 154.84 21727 2347.6 -174.9
2439 21.3 149.54 2188.0 24479 -259.9
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Alternative 3

Modified Rational Method
Project Name @ Detroit River International Crossing
Stormwater Management Study

November 14, 2006

11:19 AN

108
Area = 2.16 ha
"= 0.9
AC=] 1.944
Te= 13.6 min
Time Increment 5 10.0 min Controlled Condition
Release Rate = 130.6 I/s || 100 Year - Post Dev't. |
Max.Storage = 790 m’ a=; 2825
b= 13.74
Constant Inflows = (.880 l
Ifs
108
Time Rainfall Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min) {mm/hr} (1/s) {m3) (m’) (m')
13.6 153.7 830.43 677.6 106.6 571.0
23.6 i16.8 631.20 893.8 i85.0 708.8
33.6 948 512.25 1032.7 263.4 769.3
43.6 §0.1 432.75 11321 341.7 790.3
53.6 69.5 375.67 1208.1 420.1 788.0
63.0 61.5 332.57 1269.1 498.5 770.6
73.0 553 208.82 1319.6 576.9 742.7
83.6 50.3 271.04 1362.5 655.3 707.3
93.6 46.1 24924 13497 733.6 6606.1
103.6 42.6 230.43 14325 812.0 6204
113.6 39.7 214.44 1461.7 860.4 5713
123.6 37.1 200.64 1488.0 968.8 5192
133.6 34.9 188.61 1511.9 1047 % 464.7
143.6 320 178.02 1533.8 11255 408.3
153.6 3.2 168.62 1554.0 1203.9 350.1
163.6 29.6 160.23 1572.8 [282.3 290.5
173.6 283 152.68 1590.3 1360.7 229.6
183.6 27.0 145.85 1606.6 1439.0 167.6
193.6 258 139.04 1622.0 1517.4 104.6
203.6 248 133.97 1636.6 1595.8 40.7
213.6 23.8 128.77 1650.3 1674.2 239
223.6 229 123.98 1663.3 1752.6 -80.2
233.6 22.1 119.56 1675.7 1830.9 -155.2
243.6 214 115.46 1687.6 1909.3 -221.7
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Project Name : Detroit River International Crossing

Modified Rational Method

Stormwater Management Study
Alternative 3

November 14, 2006

11:19 AN

169
Area = 6.56 ha
"= 0.9
ACs 5.904
Tc= 24.3 min
Time Increment = 10.0 min Controlled Condition
Release Rate = 268.7 /5 “_ 100 Year - Post Dev't.
Max.Storage = 2829 m’ a= 2825
b= 13.74
Constant Inflows c 0.880
I/s
109
Time Rainfali Storm Runoff Released Storage
Intensity Runoff Volume Volume Volume
{min) (mm/hr) (¥/s) (m3) () {m')
24.3 114.9 1885.91 3749.7 391.8 23579
343 93.6 1535.76 3160.6 553.0 2607.6
44.3 79.2 1300.33 3436.3 7143 2742.0
543 68.9 1130.58 36834 875.5 2807.9
64.3 61.1 1002.06 3866.0 1036.7 28292
4.3 54.9 901.19 4017.5 1197.9 2819.6
84.3 499 §19.78 4146.5 1359.2 27873
94.3 43.9 732.63 4258.4 1520.4 2738.0
104.3 42.4 696.22 4357.0 1681.6 2675.3
114.3 36.5 648.14 44449 1842.9 2602,1
124.3 37.0 606.64 45243 2004.1 2520.2
134.3 348 570.43 4596.5 21065.3 2431.2
1443 32.8 538.54 40662.7 23206 2336.1
154.3 311 510.24 4723.8 2487.8 2236.0
164.3 295 484.93 47804 2649.0 21314
174.3 282 462.16 4833.3 2810.2 2023.0
184.3 26.9 441.56 4882.8 2971.5 1911.3
1643 25.8 422.83 4929.3 31327 1796.6
204.3 247 405.72 4973.3 32939 1679.3
2143 23.8 390.02 5014.8 34552 1556.7
2243 229 375.56 5054.3 36164 1437.9
2343 224 362.20 5091.9 3777.6 1314.3
2443 213 349.82 31277 3938.9 1188.9
254.3 20.6 338.31 5162.0 4100.1 1061.9
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