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Ministry of Ministére des

Natural Resources Richesses naturelies My

Aurora District Office . } 2 .
50 Bloomington Road Telephone: {905) 713-7400 L7 Ontario
Aurora, Ontario L4G 0L8 Facsimile: (905) 713-7361

September 6, 2013

Sonia Rankin

MMM Group

100 Commerce Valley Drive West
Thornhill, Ontario

L3T 0A1

Dear Ms. Rankin:

Please find enclosed a Licence to Collect Fish for Scientific Purposes #1075281. Please print
off 2 copies of the licence and conditions, sign both copies and return one signed copy to me via
email. Your signature is acknowledgement that you understand and agree to the terms and
conditions of the licence. You and your assistants are required to carry a copy of this licence
with you at all times while collecting specimens,

As noted in the conditions, you must complete a two-part Mandatory Report for fish collected
under this licence. MNR has developed a new electronic report form to facilitate efficient
reporting. The Mandatory Report, user guide and field definitions will be sent to you by email.
The completed mandatory report for licence #1075281 must be submitied by November 30,
2013 to scp.aurcra@ontario.ca.

Please note that all collections and sampling must be in compliance with the best management
practices identified in the enclosed technical bulletin. A fish disease known as Viral Hemorrhagic
Septicemia (VHS) has been confirmed in the lower Great Lakes and some inland fributaries as
well as in Lake Simcoe. A VHS Management Zone for the lower Great Lakes and some inland
tributaries as well as a Lake Simcoe Management Zone have been created to slow the spread
of VHS and invasive species. A map is attached to assist you in determining the location of your
work site(s) in relation to the two VHS management zones where waters are considered to be
VHS positive. Please feel free to contact us should you have any questions regarding the
definition of VHS positive waters.

Please contact me if you have any questions.

Yours truly,
K el \j

Karen Golby ~
Business Services Clerk
Aurora District Office
Tel: (905) 713-7403
Fax: (905) 713-7361




2012 Map of New VHS Zones.pdf
BMP_Sci Coll Permits 2012_Final_December 22 2011.pdf

2012 VHS Risk Assessment - SciCollPerm - final December 22 2011.pdf




Ontario Maddess Licence to Collect Fish for Scientific [z,

Ministére des Purposes 1075281
s;gﬂre;?:ss " . Local Reference No.
Permis pour faire la collecte de A" do éférenco foca

poissons a des fins scientifiques

Issvar Agcount No.
N° de comple du dalvreur ds

This licence is issued under Part] of the Fish Licensing Regulation made under the Fish and Wildlife Conservation pemis,
Act, 1297 to: ‘ 7491147

Ce permis est déliveé en vertu de la Partie | du réglement sur la délivrance de permis de péche formulé conformément & ta Lol sur 1a protection du
poisson ef de la faune de 1997 a:

Name of Last Name / Nom de famille First Name / Prénom Middle Name / Second Prénem
Licencee
Nom du titulaire Ms. Rankin Sonia
du parmis Nama of Business/OrganlzatioAffiiaticn { ff applicable} / Nom ds Tenlreprise/de Torganisme/de Faffiiation (lo cas échéant)
MMM Group
Matling addvess of  Slreet Name & No.PO Bow/RR#/Gen. Detf N° rue/C.PJR R /poste restanle
Licences
100 Commerce Valley Drive West
fg’z;f.s’_se gos!a/e ol
TS d pERES g rpality 7 Viledvil i Province/$tate Postal Coda/Zip Coda
City/TowniMunicipality 7 Villefvifage/municipalité e lel e Postalflig
Thornhill ON L3T 0A1
to collect the species, size and quantites of fish from the waters as set out below,
Pour faire Ia collecte des espéces suivantes {stade et nombre indiqués ci-dessous}:
Specles . Eogs Juvende ]Adulls | Numbers MName of Wateri
Espéces Qeuf Fretin Adulte | Nombre Nom de I'dtendus d'eau
X X X
fish X X Stormwater Management Ponds {as per attached
Schedule A)
Yos/Oui
D Additional speciesiWaterbody list altached / Liste d'espéces/d'élendus d'eau addiflonnellss ci-jointe
Purpose of i
o il 4 Fish Rescue
Bt de fa volfecle
Licence Dales Effective Date 7 Dale d'eniréae en vigueur Expiry Dato / Date dexpiration
Dates du pers (YYYY-MM-DD) (YYYY-MM-DD)
2013-09-06 2013-10-31
Licence conditfons  This licence is subject to the conditions contained in Schedule A if included. / Ce permis doit respecter Iss conditfons de Fannexe A si celle-cl est joinie.
Conditions du YosiOub NolNon sohedule A included, / Annexe A ci-jointe
poms X O
Issuad by (please print Slgnature of issuer / Signature du défivreur Date of Issue/Date de délivrance

:
Délivré par {vevitiez Ecrire en caracléres dimprimerie)

e
Elizabeth Stantey l é//; / /?ACQW {%-%g:gg)

Signature of Licancee / Signalure dy titulalre du permis Dale
{ {YYYY-MM-DD)

2013-09-06

Personal information contatned on thls form is collected under the autherity of the Fish and Wiildlife Conservation Act, 1997 and wii be used for the purpose of licencing, identification, enforcement, resourcs management and
customer service surveys, Please direct furlher Inquisies to the District Manager of the MNR issulng district.

Les renseignements personnels dans ca formulalre gonl recuefis conformément & fa Lol sur 3a profection du polsson de la faune, 1997, etils seronl utifisés aux fins do défiviance de penmls, dFidentification, d'application des
reglements, da gestion des ressources et de sondage sur les services a la cfientdle. Veuillez communiquer avec le chel du distic du MRN qui délivid Te permis si vous avez des guestions.

FWO032 (04/00)




License to Collect Fish for Scientific Purposes
Permis pour faire la collecte de poissons & des fins scientifiques
Schedule A - Licence Conditions

Annexe A - Conditions du permis
Licence No 1075281
Mo de permis

This licence is subject to the conditions listed helow.

1.

10.

11.

12.

Licencee may collect fish in Summerhill North stormwater management pond located between
Rushbrook Drive and Bartholemew Drive; Summerhill South stormwater management pond located
south of Mulock Drive between McBride Crescent and Columbus Way; Summerhill Woods
stormwater management pond [ocated south of William Dunn Crescent in the Town of Newmarket,
Regional Municipality of York.

Alt fish captured will be euthanized and will not be returned to the waterbody.

This Licence Is valid only for the persons, species, numbers, areas and calendar year indicated. A
Mandatory Report documenting the sampling conducted under this licence must be submitted to the
licence issuer within 30 days of the termination date, but in no case later than January 31 next
following the year of issue. The Mandatory Report form (Part 1) must be completed for each sampling
program and the Site.Collection Reports {Part 2) must be completed for each collection site. A map
clearly indicating the location of each collection site must be altached to the Site Collection Reports.
Submit the Mandatory Report (Part 1) and the Site Collection Reports (Part 2 & maps) electronically
by email to scp.aurora@ontario.ca. The submission of a satisfactory report is a prerequisite to any
subsequent renewals,

Before carrying out any operation under the licence in any area the licenced person shall inform the
Area Supervisor or Lake Manager of his or her intentions at least a week before commencing work
and include information as to the type of operation, tocation, duration, and the name or names of
personnel involved.

A copy of the original licence must be carried by the licenced person when working at the designated
sites. An assistant of the licenced person who is carrying out activities under this licence during the
absence of the licenced person shall carry a copy of the licence on his or her person.

All collection gear shall be clearly marked with the licenced person’s and the organization’s name.

This licence is not valid in Provincial Parks, park reserves, or National Parks withbut the written
permission from the authorized person in charge of the area concerned.

Capture gear shall be inspected regularly and live holding traps must be inspected at leasti once daily.

The licencee shall follow the best management practices for the cellection, handling,
transportation and holding of fish identified in FPS Bulletin 2011 - 01 July 29, 2011
included with the licence in order to minimize the risk of spreading aguatic invasive species
and diseases.

Licencee must photograph and release live any redside dace capiured. The photographs must be
forwarded to MNR’s Aurora District office for identification confirmation.

Any person, while acting under the authority of this authorization, shall immediately report the caplure
of any invasive species {eg. Ruffe, tubenose goby,round goby, rusty crayfish, Asian carp, efc.) found
outside its previously known range {as determined by the distribution information available at

htip:.//www.invadingspecies.com/indexen.cim to the licence issuing office. Any such specimens
captured outside of thelr established range (not already naturalized) shall be euthanized, not

returned to the water.

Licencee may fish with a backpack electrofisher, seine nets, dip nets and minnow traps.

Signature of Licencee / Signature du titulaire du permis Date




License to Collect Fish for Scientific Purposes
Permis pour faire la collecte de poissons a des fins scientifiques
Schedule A - Licence Conditions

Annexe A - Conditions du permis
Licence No 1075281
No de permis

13. Licencee may be assisted by: Joel Smith, Alex Stettler, Mark Cece, Patricia Mobhr.

Signature of Licencee / Signature du titulaire du permis Date
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Sonia Rankin

From: Randall Roth
Sent: Friday, September 13, 2013 2:22 PM
To: pbond@hrca.on.ca; Janette Brenner (jorenner@hrca.on.ca); 'Samantha Mason’;

Richard.Clark@halton.ca; ‘jane.Devlin@ontario.ca’; 'Thun, Robert'; KParker@oakville.ca;
Philip Kelly (PKelly@oakville.ca); Reel, Mike (MReel@Bentallkennedy.com); Mark Cece;
Steve VanHaren; 'aquader@mmm.ca’; Andrew Kulin; Alex Williams; Chris Tyrrell

Cc: Charles McConnell (CMcConnell@oakville.ca); 'Najak, Zahir (Zahir.Najak@halton.ca)’;
‘'samantha.jefferis@ontario.ca’

Subject: Lazy Pat - September 10, 2013 Workshop - Action Items List

Attachments: BK Workshop September 10, 2013 Final.pdf; Meeting Report - Action Items Draft.pdf

Importance: High

Hi,

We would like to thank everyone for their participation at the workshop meeting on September 10, 2013, in relation to
the Lazy Pat Farms EIR/FSS 2™ Submission (Dec. 2012) and discussion of key issues. As discussed at the workshop,
please find attached a draft of the Action Items, including individual responsibilities and proposed timeframes.

Also attached is a copy of the workshop presentation slides for your information.

We appreciate everyone’s efforts in moving forward with the 3™ submission of the EIR/FSS, targeted for this Fall.
Please contact myself or Chris if you have any questions.

Thanks,

Randall Roth, MCIP, RPP

Senior Planner/Project Manager, Associate

Planning & Environmental Design

MMM Group Limited

100 Commerce Valley Drive West,

Thornhill, ON, L3T 0A1

t: 905.882.4211 ext. 6833 | f: 905.882.0055 | c: 647.222.0767
rothr@mmm.ca | www.mmm.ca

The information contained within this e-mail transmission is privileged and/or confidential information that is intended solely for the use of the party to
which it is addressed. Its dissemination, distribution or copying is strictly prohibited. If you have received this e-mail in error, or are not named as a
recipient within such e-mail, please immediately notify the sender and also destroy any and all copies you have made of this e-mail transmission.

Please consider the environment before printing this e-mail and/or its attachments.



lA\\\ MMM GROUP

MEETING REPORT
WITHOUT PREJUDICE

Date: September 13, 2013 Project: Lazy Pat Farms (EIR/FSS):
. Bentall Kennedy
Date of meeting: September 10, 2013 _
. g P . Project Number: 14.09222.001
Location: Town of Oakville _
p _ Di . fK Author: Chris Tyrrell
urpose: iscussion of Key Randall Roth
Issues: Action Items
Attendees: E-Mail
Paul Bond, HRCA PBond@hrca.on.ca
Janette Brenner, HRCA JBrenner@hrca.on.ca
Samantha Mason, HRCA SMason@hrca.on.ca
Ronald MacKenzie, Region Ronald.Mackenzie@halton.ca
Richard Clark, Region Richard.Clark@halton.ca
Jane Devlin, MNR Jane.Devlin@ontario.ca
Robert Thun, Town RThun@oakuville.ca
Kristina Parker, Town KParker@oakville.ca
Philip Kelly, Town PKelly@oakville.ca
Mike Reel, Bentall Kennedy MReel@Bentallkennedy.com
Mark Cece, MMM CeceM@mmm.ca
Steve VanHaren, MMM VanHarenS@mmm.ca
Asif Quader, MMM AQuader@mmm.ca
Andrew Kulin, MMM KulinA@mmm.ca
Alex Williams, MMM WilliamsA@mmm.ca
Chris Tyrrell, MMM TyrrellC@mmm.ca
Randall Roth, MMM RothR@mmm.ca
DISTRIBUTION: All Attendees and the following:
Charlie McConnell, Town CMcConnell@oakville.ca
Zahir Najak, Region Zahir.Najak@halton.ca
Samantha Jefferis, MNR Samantha.Jefferis@ontario.ca
ATTACHMENTS: September 10, 2013, Workshop Presentation Slides
Iltem Details Action By Action Date
4, Update on Discussions/Site Visit with MNR
i. MNR to confirm they have the most recent version of the Mark Cece, MNR to advise
EIR/FSS (2nd Submission dated December, 2012). MNRto MNR

review the most recent detailed information on EIR/FSS,

and will provide formal comments in response. Timeframe

TBD. MC to follow-up with Samantha Jefferis and Jane

Devlin on the timeframe and comments. Correspondence

on the Species at Risk topic should be cc’d to CH (Paul
Bond), Town (Rob Thun) and Region (Richard Clark).

Any omissions or errors in these notes should be forwarded to the author immediately.

100 Commerce Valley Drive West, Thornhill, ON L3T 0A1 | t: 905.882.1100 | f: 905.882.0055 | w: www.mmm.ca



'A\\\ MMM GROUP

Iltem

Details
Discussion of Key Issues and Action Items

Dundas Street Stormwater Runoff and SWM Facility
Allowances

MMM to investigate issue of Dundas St. Stormwater Runoff
and SWM facility allocations in revised EIR/FSS further,
acknowledging that accommodation of Dundas St. drainage
in Pond 3 is not feasible, Pond 2 may not be feasible, and
that Ponds 1 and 4 (off-site) may be feasible. Follow-up
with Matt Krusto is required (Steve VanHaren and Alex
Williams) with options to determine if the Region wishes to
pursue the matter further. Authorizations from MNR will be
required for SWM facilities adjacent to RSD streams
subsequent to the approval of the EIR/FSS.

407 West Concept Plan (Avenue 1 Alignment, Sanitary
Servicing)

CH agrees that we do not need a site visit on the main
branch of 14 Mile Creek to address the road alignment
issue. The alignment provides for sufficient flexibility, and
would be confirmed through a subsequent EIR/FSS for the
affected lands.

ASP and FSS to address the question of directional drilling
for sanitary sewers. MMM to justify 2.2 m of cover or
provide for 3.0 m of cover in preliminary design. Impact of
sanitary sewer on Dundas Street culverts to be addressed
in the ASP and EIR/FSS.

Characterization of Existing Pond (14W-14A) and Use as a
SWM Facility

Andrew Kulin to meet with CH hydrogeologist re: data
collection, characterization of pond, and water balance.
Andrew to report back to Town (Rob), CH (Paul), BK Team
(Chris).

Drainage Densities

Steve VanHaren to discuss stream design form and
function with Lamoire Alexander (MMM) and provide further
justification. MMM to discuss with CH (Samantha and
Janette) and MNR prior to submission of the 3" submission
of the EIR/FSS.

Town to coordinate a meeting with Parrish Geomorphic
(John Parrish) to discuss the original intent of the drainage
density provisions of the NOCSS, and specifically discuss
MMM’s characterization of the Pond (14W-14A) vs. the
NOCSS characterization as a blue feature relative to the
drainage density provisions. Steve VanHaren has
requested to attend the Town’s meeting. Pending outcome

Page 2
Action By Action Date
Steve Oct.
VanHaren, Alex
Williams,
Region (Matt
Krusto)
NA NA
Alex Williams, Sept.
Region
Andrew Kulin, Sept. / Early
CH Oct.
Hydrogeologist
Steve Sept. / Early
VanHaren Oct.
Philip Kelly, Early Oct.
Kristina Parker,
Steve
VanHaren

Any omissions or errors in these notes should be forwarded to the author immediately.

100 Commerce Valley Drive West, Thornhill, ON L3T 0A1 | t: 905.882.1100 | f: 905.882.0055 | w: www.mmm.ca



'A\\\ MMM GROUP

Iltem

Details

without Steve VanHaren present, Steve would like a
discussion with Parrish Geomorphic.

CH (Janette) to provide additional information to MMM
(Steve VanHaren) on this topic, if available.

CH’s position is that 14W-21 cannot be counted towards
stream length and drainage density (due to small drainage
area, and small flows). Steve VanHaren to discuss with
Lamoire Alexander and place a reasoned opinion in front of
CH (Janette) and Town, tabled for subsequent discussions
with Parrish.

Consolidation/Relocation of Stream Corridors (channel
form, flow regime comparison)

Need a stronger justification in the 3™ Submission of
EIR/FSS on the forms and functions of the pond being
replicated, responding to CH’s June 3, 2013 letter. CH and
Town staff to review draft response on Page 5 of Issues
Table Responses (July 4™) prior to 3™ Submission of
EIR/FSS and provide comment.

How does the pre- vs. post-development Natural Heritage
Area compare? MMM to evaluate using identified
conceptual NHS in Schedule NOW 2 of the Secondary Plan
(subject to the addition of appropriate stream corridor widths
and setbacks) as the “pre-“ condition and the identified NHS
in the development concept as “post-*.

Samantha Mason to provide MMM with recommendations
on temperature targets for the SWM outputs to reach 14W-
12A. Meeting with CH (Samantha Mason) and MMM (Steve
VanHaren) to discuss prior to 3" Submission of EIR/FSS.

Location and Size of Stormwater Management Facilities

Maintenance of the SWM pumps is key to maintain flow to
Redside Dace habitat (14W-12A). The Town does not
typically support pumping of stormwater. Further
consideration is requested in this unique circumstance.
Kristina to take this away to Town management for
consideration.

Justification for pond location to be enunciated clearly in the
3rd submission of the EIR/FSS.

Town (Kristina) to investigate allowances for roof top storage
and respond to MMM (Steve VanHaren).

Samantha to provide a suitable example of thermal regime
calculations to Steve VanHaren for consideration in 3rd
submission of EIR/FSS.

Action By

Janette
Brenner

Steve
VanHaren,
Janette
Brenner

Steve
VanHaren,
Mark Cece,

CH/Town

Mark Cece

Steve
VanHaren,
Samantha
Mason

Kristina Parker

Steve
VanHaren, Alex
Williams
Kristina Parker

Samantha
Mason, Steve
VanHaren

Any omissions or errors in these notes should be forwarded to the author immediately.

Page 3

Action Date

End of Sept.

Mid Oct.

Mid Oct.

End of Sept. for
recommendatio
ns, meeting
end of Oct.

Address in 3rd
Submission of
EIR/FSS.
Late Sept.

Late Sept.

100 Commerce Valley Drive West, Thornhill, ON L3T 0A1 | t: 905.882.1100 | f: 905.882.0055 | w: www.mmm.ca



'A\\\ MMM GROUP

Item
g.

Details
Water Balance (Clarification of Assumptions)

As per item c¢) Andrew Kulin to meet with CH hydrogeologist
re: data collection and characterization of pond, and water
balance assumptions. Andrew to report back to Town (Rob),
CH (Paul), BK Team (Chris).

Discussion/Clarification of Other Issues

It was discussed that there remains outstanding items
outlined in CH/Town comments, and included in MMM’s
preliminary Issues List responses dated July 4, 2013. It was
discussed that MMM is generally in agreement with these
issues/comments and they will be addressed in the 3"
submission of the EIR/FSS.

CH/Town to provide informal comments on MMM'’s
preliminary Issues List responses dated July 4, 2013, and/or
follow-up where necessary.

Next Steps/Schedule

The intent is to prepare next submissions of the EIR/FSS and
ASP, that are acceptable to the Town/CH and Region. The
critical path items for resubmission are:

EIR/FSS and Draft Plan of Subdivision:

1* Submission, May 2011

2" Submission, December 2012

3" Submission, Targeted for December, 2013

ASP:

1* Submission, May 2011

2" Submission, December 2012

3" Submission, June 2013

4™ Submission, Targeted for Early Oct. 2013

Action By

Andrew Kulin.
CH
Hydrogeologist

MMM - Initiate
follow-up
discussions

where required.

CH, Town,

Region, MMM —

Initiate follow-
up discussions

where required.

MMM

MMM

Any omissions or errors in these notes should be forwarded to the author immediately.

Page 4

Action Date

Sept. / Early
Oct.

Address in 3rd
Submission of
EIR/FSS.

End of Sept.

Dec. 2013

Early Oct.

100 Commerce Valley Drive West, Thornhill, ON L3T 0A1 | t: 905.882.1100 | f: 905.882.0055 | w: www.mmm.ca



Sonia Rankin

From: Mark Cece

Sent: Thursday, October 24, 2013 11:06 AM
To: Sonia Rankin

Subject: FW: Bentall - North Oakville

Fyi

From: Devlin, Jane (MNR) [mailto:Jane.Devlin@ontario.ca]
Sent: Thursday, October 24, 2013 9:39 AM

To: Mark Cece

Cc: Jefferis, Samantha (MNR)

Subject: RE: Bentall - North Oakville

Hello Mark,

Thank you for the delivery — yes | received it this morning. | will proceed with review of the most recent submission and
compiling comments from MNR.

Also - MNR will not require any further sampling for fish in the farm pond. | will be in touch if | need any further
information beyond what was already provided to us.

Thanks,
Jane

From: Mark Cece [mailto:CeceM@mmm.ca]
Sent: October-24-13 8:48 AM

To: Devlin, Jane (MNR)

Cc: Jefferis, Samantha (MNR)

Subject: RE: Bentall - North Oakville

Jane
Further to the email below, a member of our staff delivered 1 hard copy of the most recent EIR (3 binders) to your office
yesterday afternoon, it was left with Karen Golby. Can you please confirm you received the delivery and your

anticipated time frame to complete your review of the information?

Thanks and let us know whether we can help further in your review of the project.

Mark Cece, B.Sc.

Ecology Manager/Senior Fisheries Biologist
Associate Partner

Ecology Department

MMM Group

100 Commerce Valley Drive West

Thornhill, ON Canada L3T 0Al1l

t: 905.882.1100 ext: 6861 | f: 905.882.0055 | c: 647.222.1073
cecem@mmm.ca | www.mmm.ca




This communication is intended for the sole use of the person(s) to whom it is addressed, and may contain information that is privileged, confidential or subject to copyright.
Any unauthorized use, disclosure or copying of this communication is strictly prohibited. If you have received this communication in error, please contact the sender
immediately. Any communication received in error should be deleted and all copies destroyed.

Please consider the environment before printing this e-mail and/or its attachments.

From: Mark Cece

Sent: Friday, October 18, 2013 11:32 AM
To: 'Devlin, Jane (MNR)'

Cc: Jefferis, Samantha (MNR)

Subject: RE: Bentall - North Oakville

Jane

We will get you the most up to date version of the reports as possible in order that you can continue your review of the
project.

In regards to your statement that you did not say there was no further requirements for fish sampling, | can only state
that my recollection and those of my colleagues differ. | recall indicating that | did not see the value of understanding
how the presence of more/other fish species (if present) in the deeper area (only 2-2.5 m deep) of the pond at the
southeast end would benefit the review of the project in terms of Redside Dace habitat function or review under the
ESA. Given that there exists a physical separation of the species by the poor connection at the pond inlet/outlet
(seasonal connectivity, dense cattail/emergent growth, diffuse flow (when present) through vegetation) to downstream
habitat, the absence of suitable Redside Dace occupied habitat within the pond itself and that at best the pond may
function as contributing habitat (although not identified as such on MNR mapping), we felt further sampling was not
warranted. Furthermore, | recall requesting that if the MNR did require additional fish community sampling that there
be a clear rationale stated as to why additional fish species (if present) in the deeper water would be of value to the
evaluation/assessment of the project under the ESA and then asking for confirmation whether the MNR would require
further sampling.

Notwithstanding our difference in the recollection of the discussion, if there is a desire from MNR for additional
sampling of the fish community within the farm pond for review of the project under ESA | would request the following:
e could you please provide clear and specific rationale as to the need for this additional sampling as it relates to
the MNRs review of the project under the ESA, and
e please provide MNR accepted sampling methodology for the farm pond in order that we can develop a suitable
sampling program that meets the regulatory review and avoids the need to revisit this topic.

This information will assist us in better understanding the requirements under the ESA as well as provide a clear
explanation to the client related to why additional effort/resources are required to once again document the fish
community of this farm pond.

Furthermore, for your information the table below identifies the previous fish community sampling that has been
undertaken as well as those parties that have undertaken the sampling. | have also included below for your review a
screen capture from the Conservation Halton August 16, 2012 Correspondence where CH states that although they
would like to have seen sampling of the deeper habitat, they do not require additional fish community sampling and as a
result we have met their fish community sampling requirements. A copy of the entire correspondence is attached for
your files if you do not have a copy.



Once again, thank you for your ongoing dialogue on the project review and for verifying the need for the most recent
version of the documents for your review. Please let me know if | can be of further assistance in any way to continue to
move this forward.

Mark Cece, B.Sc.

Ecology Manager/Senior Fisheries Biologist
Associate Partner

Ecology Department

MMM Group

100 Commerce Valley Drive West

Thornhill, ON Canada L3T 0Al

t: 905.882.1100 ext: 6861 | f: 905.882.0055 | c: 647.222.1073
cecem@mmm.ca | www.mmm.ca

This communication is intended for the sole use of the person(s) to whom it is addressed, and may contain information that is privileged, confidential or subject to copyright.
Any unauthorized use, disclosure or copying of this communication is strictly prohibited. If you have received this communication in error, please contact the sender
immediately. Any communication received in error should be deleted and all copies destroyed.

Please consider the environment before printing this e-mail and/or its attachments.



From: Devlin, Jane (MNR) [mailto:Jane.Devlin@ontario.ca]
Sent: Wednesday, October 16, 2013 6:12 PM

To: Mark Cece

Cc: Jefferis, Samantha (MNR)

Subject: RE: Bentall - North Oakville

Hi Mark,

Unfortunately the version we have here is May 2011. Was the second submission of Dec 2012 submitted to MNR? | have
been looking at an outdated plan, so we will need the Dec 2012 sent in hard copy. However | suspect this will not take
much additional time for me to review.

| did not say that there are no further requirements for fish sampling. | only indicated that the sampling conducted so far,
using multiple capture techniques, was conducted in the same habitat within the pond and therefore is likely to capture the
same fish species across capture gear used. Additional sampling may be required — | can confirm whether or not once
reviewing the information provided in the most recent submission.

My apologies for not catching this outdated version sooner!

Jane

From: Mark Cece [mailto:CeceM@mmm.ca]
Sent: October 16, 2013 12:39 PM

To: Devlin, Jane (MNR)

Cc: Jefferis, Samantha (MNR)

Subject: RE: Bentall - North Oakville

Jane

Thanks for the response, | realize there is a lot of information to go through as there was extensive field investigations
undertaken by many disciplines. Again, please let us know if you would like us to come in and meet with you to provide
some context or clarification related to the data, we will make ourselves available and ensure whatever staff are
required (i.e. hydrogeologist) are in attendance.

Perhaps as a first step you can confirm whether you have the most up to date information.

| also wanted to clarify the results of the discussion had at the September 10, 2013 meeting related to the farm pond
and fish sampling. It was clear to me that the MNR did not require additional fish community sampling of the pond in
order to determine its contribution (if any) to the downstream Redside Dace habitat given that the pond did not
function as “Occupied Habitat”. | wanted to ensure that my notes and those of my colleagues here were correct.

Thanks again and please do not hesitate to contact me should you have any questions or comments. We look forward
to your response related to the information you currently have in your possession and are reviewing to ensure you are
not reading outdated material.

Mark Cece, B.Sc.

Ecology Manager/Senior Fisheries Biologist
Associate Partner

Ecology Department

MMM Group

100 Commerce Valley Drive West

Thornhill, ON Canada L3T 0Al

t: 905.882.1100 ext: 6861 | f: 905.882.0055 | c: 647.222.1073
cecem@mmm.ca | www.mmm.ca




This communication is intended for the sole use of the person(s) to whom it is addressed, and may contain information that is privileged, confidential or subject to copyright.
Any unauthorized use, disclosure or copying of this communication is strictly prohibited. If you have received this communication in error, please contact the sender
immediately. Any communication received in error should be deleted and all copies destroyed.

Please consider the environment before printing this e-mail and/or its attachments.

From: Devlin, Jane (MNR) [mailto:Jane.Devlin@ontario.ca]
Sent: Monday, September 30, 2013 5:12 PM

To: Mark Cece

Cc: Jefferis, Samantha (MNR)

Subject: RE: Bentall - North Oakville

Hi Mark,

I will touch base with you later this week. There is a great deal of information to go though, and I will be coordinating a
response with Sam as well. | don’'t know that | can give you a solid timeline for our full detailed response, but | do
appreciate that the goal is for the third submission to be completed this fall. | will do my best to provide my detailed
comments to you soon.

Regards,

Jane

From: Mark Cece [mailto:CeceM@mmm.ca]
Sent: September 27, 2013 12:10 PM

To: Devlin, Jane (MNR)

Cc: Jefferis, Samantha (MNR)

Subject: Bentall - North Oakville

Jane:

Just touching base with you to see if you had a chance to determine whether you had the most recent/up to date
information related to Redside Dace and what your timelines were for reviewing this information and providing
comment. Once again | would like to extend the offer of meeting in person to address any of you questions or provide
clarification as there is a great deal of data associated with this project. Thanks again for you contribution to the project
and look forward to your response.

Mark Cece, B.Sc.

Ecology Manager/Senior Fisheries Biologist
Associate Partner

Ecology Department

MMM Group

100 Commerce Valley Drive West

Thornhill, ON Canada L3T 0Al

t: 905.882.1100 ext: 6861 | f: 905.882.0055 | c: 647.222.1073
cecem@mmm.ca | www.mmm.ca

This communication is intended for the sole use of the person(s) to whom it is addressed, and may contain information that is privileged, confidential or subject to copyright.
Any unauthorized use, disclosure or copying of this communication is strictly prohibited. If you have received this communication in error, please contact the sender
immediately. Any communication received in error should be deleted and all copies destroyed.

Please consider the environment before printing this e-mail and/or its attachments.



Southern Region

Aurora District Office

50 Bloomington Road West
Aurora, ON L4G 0L8

Ministry of Ministere des
Natural Resources Richesses Naturelles

December 20, 2013

MMM Group Limited

100 Commerce Valley Drive West
Thornhill, ON Canada

L3T 0A1

Attn: Mark Cece

Re: EIR/FSS (2" Submission - December 2012)
Lazy Pat Farm Property, Town of Oakville

Dear Mr. Cece,

The Ministry of Natural Resources has conducted a review of the above noted study. We
have a number of comments and concerns to discuss with you.

We confirm that the following features are designated Redside Dace habitat under
section 29.1 of Ontario Regulation 242/08:

Reach 14W-12 (29.1 subsections i, ii, iii and iv apply)

Reach 14W-16 (29.1 subsections i, ii, iii and iv apply)

Reaches 14W-11A, 14W-12A, 14W-13 and 14W-14 (29.1 subsection v applies)
Pond 14W-14A (29.1 subsection v applies)

Riparian wetlands, as described on Figure 6.3.4

In reviewing the document we noted that a number of key sections did not reference the
Draft Guidance for Development Activities in Redside Dace Protected Habitat
(http://www.mnr.gov.on.ca/stdprodconsume/groups/Ir/@mnr/@species/documents/docu
ment/stdprod 082290.pdf). Accordingly we have concerns with the following:

1. Lack of pre-development and post-development water balance calculations

2. Proposed stormwater management facilities and the design criteria used

3. The number of stream crossings proposed in the development site as well as
adjacent lands

4. Proposed relocation and alteration of Redside Dace habitat

We would like to discuss these concerns with you, and can accommodate a meeting at
our office to review in further detail.

Based on records of Bobolink, MNR has determined the subject property provides
habitat for Bobolink. An authorization under the ESA is required for the damage or
destruction of Bobolink habitat.



Southern Region

Aurora District Office

50 Bloomington Road West
Aurora, ON L4G 0L8

Ministry of Ministere des
Natural Resources Richesses Naturelles

Barn swallow has been found breeding on the subject property. An authorization under
the ESA is required for the damage or destruction of Barn Swallow habitat. It is
recommended that the proponent work with MNR to determine qualification under O.Reg
242/08, Section 23.5 for the removal of the structures on site that support Barn Swallow.
Please note, O.Reg 242/08, Section 23.5 only speaks to the removal of buildings or
structures that provide habitat for Barn Swallow and does not cover the damage or
destruction of adjacent foraging habitat. If the adjacent foraging habitat is planned to be
removed, damaged and/or destroyed in the future, an ESA 17(2)(c) Permit will be
required.

Please provide all available data on the historic bird survey records, which include
Eastern Meadowlark.

Recently, the Little Brown Myotis and Northern Long-eared Myotis have been listed on
the ESA, 2007, as endangered. These species are now afforded both species and
habitat protection under the ESA, 2007. MNR recommends that the site be surveyed for
potentially suitable bat habitat (including, but not limited to: forested areas, abandoned
buildings, houses, sheds, etc.) and that if any potentially suitable habitat is found on site,
bat surveys be conducted prior to the damage or destruction of any habitat which may
support bats. This information on potentially suitable bat habitat should be provided to
MNR for review.

If you have any questions or comments, please do not hesitate to contact me at 905-
713-7387.

Sincerely,

Jane Devlin
Management Biologist
Ontario Ministry of Natural Resources, Aurora District

CC: Paul Bond, Conservation Halton
Rob Thun, Town of Oakville
Richard Clark, Halton Region



January 15, 2013

Jane Devlin

Management Biologist

Ontario Ministry of Natural Resources, Aurora District
50 Bloomington Road West

Aurora, ON L4G 0LS8

Subject: EIR / FSS (2nd Submission - December 2012) Lazy Pat Farm Property, Town of
Oakville

Ms. Devlin:

Further to your comments dated December 20, 2013, we provide the following information in
response to the comments/responses presented in the order in which they are provided. Given the
time elapsed since we initiated contact with the MNR (initially with Mr. John Pisapio — MNR Area
Biologist in 2011) and the extensive information contained within the EIR/FSS, it was our desire that
the comments issued from MNR would have provided a greater level of detail in terms of the MNR’s
position on specific aspects of the development plan (e.g., channel realignment, farm pond removal,
etc.) as it relates to Endangered Species Act (ESA). The MNR’s input is critical to the continued
advancement of the project. Conservation Halton (CH), the Town of Oakville (the Town) and Halton
Region (the Region) have reviewed two versions of the EIR/FSS and issued multiple comments
resulting in advancement of the plan to a point where fundamental aspects of the plan have been
agreed upon and the parties have reached some consensus on critical items such as drainage
density, hydrogeology and planning principles.

It would seem that much of the information that forms our responses originates from the EIR/FSS
2" Submission (MMM Group, December 2012) as well as the associated submissions that were
prepared in response to CH, Town and Region comments and resulting from our Workshop
meeting on September 10, 2013.
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Our client, and ourselves would welcome the opportunity to meet with you to discuss these matters
at your earliest convenience. It is our intention to submit the revised EIR/FSS (3™ Submission) in
February 2014, in order to have the planning applications essentially completed and approved in
2014. We request that this meeting occur prior to the 3™ Submission of the EIR/FSS so we can
better understand MNR’s comments and have a strategy for moving forward.

1.0 Ministry of Natural Resources (MNR) Comment: We confirm that the following features
are designated Redside Dace habitat under section 29.1 of Ontario Regulation 242/08:

We would like clarification as to the classification of the watercourses and specifically MNR’s
comment and permitting requirements to the proposed development plan in relation to these
watercourse reaches.

i. Reach 14W-12 (29.1 subsections i, ii, iii and iv apply)

MNR _Classification: Acknowledged. Originally indicated in North Oakville Creeks Subwatershed
Study (NOCSS) and during October 10, 2011 site meeting with MNR, CH and DFO. The
application of subsections i, ii, iii, and iv classify this reach as “occupied habitat” or habitat that is (or
has been within the last 20 years) inhabited by Redside Dace.

Proposed Interaction with Development Plan: Encroachment associated with the following activities:

» Encroachment into meander belt setback by passive component (earthen berm) of storm
water management pond (SWMP) in order to accommodate grading; as well as storm water
outlet structures.

The encroachment associated with the berm currently consists of an active agricultural field.
Following construction, the area of the berm within the setback will be vegetated with native
herbaceous and woody vegetation species and allowed to naturalize post development.

The physical disturbance associated with the outlet structures will be minimized with the
design of the outlets using principles from the DRAFT Guidance for Development Activities
in Redside Dace Habitat (MNR, February 2011).

+ SWMP discharge into Redside Dace habitat will also take into account the DRAFT Guidance
for Development Activities in Redside Dace Habitat (MNR, February 2011) in the design
phase as well as targeted results. It is important to note that an Ontario Municipal Board
hearing mediated agreement issued July 12, 2007 indicates that targets can be based on
site specific background data as the baseline conditions may currently exceed the targets
identified in the DRAFT Guidance for Development Activities in Redside Dace Habitat
(MNR, February 2011).



AN\ vmm GRoUP

The proposed location of the outlet feature will also result in a minor change to the surface
drainage received in Reach 14W-12. The development plan will direct all onsite surface
runoff from north/east of the realigned Reach 14W-22 (realigned Reach 14W-14) and 14W-
12 to the SWMP with the outlet of this pond located further downstream than the confluence
with Reach 14W-12A. This minor change represents 40 ha/10 % of the total drainage area
of 14W-12 and is not anticipated to result in a noticeable effect.

Comment requested from MNR related to the SWMP encroachment of the berm and outlet
structures as well as discharged storm water to Redside Dace habitat.

ii.

Reach 14W-16 (29.1 subsections i, ii, iii and iv apply)

MNR Classification: Acknowledged. Originally indicated in October 10, 2011 site meeting with

MNR, CH and DFO. The application of section 29.1 subsections i, ii, iii, and iv of the Act classify
this reach as “occupied habitat” or habitat that is (or has been within the last 20 years) inhabited by
Redside Dace.

Proposed Interaction with Development Plan: Encroachment associated with the following activities:

The southern arterial east-west road crossing (Burnhamthorpe Road extension) of this reach
is required as indicated in the Secondary Plan. The crossing location and geometry of the
road considered measures to minimize potential adverse effects to Redside Dace habitat.
Selection of the crossing structure(s) and extent of encroachment through Redside Dace
habitat will consider the guidelines set forth in the DRAFT Guidance for Development
Activities in Redside Dace Habitat (MNR, February 2011).

As indicated in the EIR/FSS Reach 14W-22 (realigned Reach 14W-14) will result in
increased flows into Reach 14W-16 from the southern property limit to its confluence with
14W-12 thereby requiring channel stabilization within this section of the reach. The channel
stabilization works will use bioengineering and natural channel design principles to enhance
habitat.

As you are aware a recent concept (December 16, 2013 email) provided to the MNR, CH,
Town of Oakville and Halton Region seeks to modify the proposed Reach 14W-16 channel
stabilization in the EIR/FSS with the realignment of Reach 14W-16 to allow Reach 14W-22
(realigned Reach 14W-14) to flow parallel to it and therefore increase its length to address
CH comments to drainage density. This concept is currently under review with the
aforementioned agencies but viewed as a viable alternative by the Town and CH to address
drainage density concerns.
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In either scenario, modifications to Reach 14W-16 are proposed. Mr. John Pisapio indicated
during the October 10, 2011 site meeting that the proposed stabilization of Reach 14W-16
as proposed in the EIR/FSS would provide the opportunity for improved habitat diversity to
enhance Redside Dace habitat. As the effect of the recent concept (December 16, 2013
email) would be similar to stabilization works, the benefits will be consistent.

Comment requested from MNR related to the proposed road crossing and Reach 14W-16
modifications.

iii. Reach 14W-11A (29.1 subsection v applies)

MNR Classification: Acknowledged. Although MNR did not visit this reach during the October 10,
2011 site meeting with MNR, CH and DFO. MNR provided mapping supporting this position in an
email dated July 25, 2013 with representatives subsequently visiting the reach in September 2013.
The application of section 29.1 subsection v. of the Act classifies this reach as “contributing habitat”
or habitat that supports Redside Dace “occupied habitat”.

Proposed Interaction with Development Plan: Reach 14W-11A will be realigned along the
northeastern property limit to its southern limit and transition to Reach 14W-11 within the forested
valley. According to NOCSS, the realignment of this reach (considered an Medium Constraint
stream in NOCSS) is permitted provided that their function can still be preserved and would provide
the opportunity for enhancements. This contributing habitat will continue to function as contributing
habitat with natural channel design principles implemented to enhance the function of the reach
over the existing habitat that has been altered through agricultural practices. We note that Reach
14W-11 will remain undisturbed.

Comment requested from MNR on the proposed realignment of 14W-11A.

iv. Reach 14W-12A (29.1 subsection v applies)

MNR Classification: Acknowledged. Originally indicated in October 10, 2011 site meeting with
MNR, CH and DFO. The application of section 29.1 subsection v. of the Act classifies this reach as
“contributing habitat” or habitat that supports Redside Dace “occupied habitat”.

Proposed Interaction with Development Plan: Changes to drainage areas to direct storm water to
SWMP and proposed removal of the farm pond (Reach 14W-14A) associated with the development
concept will result in changes to the surface water contributions to this short reach providing
Redside Dace contributing habitat. The flows originally conveyed to this reach from Reaches 14W-
14 and 14W-13 will be redirected through Reach 14W-22 (realigned Reach 14W-14) to Reach
14W-16 and will continue to be conveyed to the Redside Dace occupied habitat of Reaches 14W-
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12 and 14W-16. Mitigation measures to address this change in flow within Reach 14W-12A have
been developed including diversion of flow controlled rooftop drainage from adjacent buildings
(which is considered sufficiently clean for direct discharge) via a separate storm sewer system and
diversion of approximately 7L/s from the remaining area via a flow splitter for augmentation of base
flow and dampening of excessive peak flows. This will result in an average flow of approximately
1.2 L/s with a standard deviation of 2.8 L/s in the 14W-12A channel reach. The proposed average
flow rate is less than the average flow rate under current conditions. However, the current average
flow rate is heavily influenced by the high peak flow rates in the watercourses, which results in a
high standard deviation. Under our proposed condition, the average flow rate is lower, but
possesses a smaller standard deviation, which translates to a substantially smoother flow regime
with longer periods of sustained flow.

Physical modifications are not proposed for this stream corridor as identified in NOCSS.

Comment requested from MNR related to the specific function(s) of interest in the reach and
the proposed redirection of flow as it relates to the mitigation measures discussed.

v. Reach 14W-13 (29.1 subsection v applies)

MNR Classification: Mr. John Pisapio did not indicate that this reach was considered Redside Dace
habitat during the October 10, 2011 site meeting with MNR, CH and DFO. Subsequently this reach
was identified as “Potential Contributing Redside Dace Habitat” in a July 25, 2013 e-mail
correspondence with final confirmation received in the December 20, 2013 MNR correspondence.

This reach is a low capacity, intermittent stream with a narrow riparian corridor that has been
actively modified by agricultural practices. We would request that the MNR specify the function of
Reach 14W-13 that is considered to support Redside Dace in order to ensure that the watercourse
realignments replicate the function.

As Mr. Pisapio had indicated that the redirection of flow from Reach 14W-13 into Reach 14W-22
(realigned Reach 14W-14) would enhance the habitat of the realigned reach and increase the
potential that this habitat would directly support Redside Dace, we trust this proposed activity
remains acceptable to the MNR. Please confirm.

The application of section 29.1 subsection v. of the Act classifies this reach as “contributing habitat”
or habitat that supports Redside Dace “occupied habitat”.
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Proposed Interaction with Development Plan: The proposed development plan will result in the
elimination of Reach 14W-13, classified as a Low Constraint Stream in NOCSS. NOCSS indicates
that these Low Constraint streams can be replaced through infrastructure or SWM. Flows from
Reach 14W-13 will be directed into Reach 14W-22 (realigned Reach 14W-14) thereby prolonging
flows in the realigned reach and increasing the potential for direct Redside Dace use.

Comment requested from MNR related to the elimination of Reach 14W-13 and redirection of
flow to Reach 14W-22 (realigned Reach 14W-14).

vi. Reach 14W-14 (29.1 subsection v applies)

MNR _Classification: Acknowledged. Originally indicated in October 10, 2011 site meeting with
MNR, CH and DFO. The application of section 29.1 subsection v. of the Act classifies this reach as
“contributing habitat” or habitat that supports Redside Dace “occupied habitat”.

Proposed Interaction with Development Plan: The implementation of the development plan will
result in the realignment of Reach 14W-14 (post development - Reach 14W-22) along the southern
property limit with flows from Reach 14W-13 also redirected to this realigned reach. In previous
discussions with Mr. John Pisapio- MNR Area Biologist (screen capture of October 2011 meeting
minutes below), the MNR indicated that Reach 14W-14 in its current form does not directly support
Redside Dace.

Mr. Pisapio further stated that the realignment of the channel using natural design principles as well
as the additional flow contribution provided from Reach 14W-13 would potentially result in habitat
that could directly support Redside Dace. The realignment of this reach (considered an Medium
Constraint stream in NOCSS) is permitted provided that its function can still be preserved. The
realignment would also provide the opportunity for enhancements over the existing habitat that has
been altered through agricultural practices.

Comment requested from MNR related to the realignment of Reach 14W-14 (post-
development Reach 14W-22).
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Action

Item Details Action By Date

Stream Realignment of Reach 14W-114
JP was unavailable to visit this area of the property to view the existing conditions in

Reach 14W-11A. JP requested to view this feature at a later date when his schedule
permits to be coordinated by MMM.

SM indicated that the concept of the realigned section of Reach 14W-11A was very
angular. MC indicated that the preliminary alignment is an early conceptual alignment
and will be designed to create a stable channel. Furthermore, the block identifies the
area in which the channel will be located but does not necessarily indicate that the
channel will be subject to a 90 degree turn as it will be a meandering naturalized
channel.

RK provided a preliminary assessment of the potential for the proposed works to result
in the Harmful Alteration Disruption, Destruction (HADD) of fish habitat. RK indicated
that based upon the fish community, permanency/resilience and intensity of the
proposed impacts to this feature, the proposed realignment is likely to pose a Low risk
of resulting in a HADD and a Fisheries Act Authorization is unlikely to be required.
SM supported this assessment.

Beach 14W-14

JP indicated that this feature lacks a channel capable of directly supporting Redside
Dace, thereby providing contributing Redside Dace habitat, JP and SM were in
agreement with the evaluation of this tributary.

Similar to Reach 14W-11A, RK indicated that the proposed realignment is likely to pose a
Low risk of resulting in a HADD and a Fisheries Act Authorization is unlikely to be
required. SM supported this assessment.

JP indicated that the proposed realignment including the consolidation with Reach 14W-
13 would likely result in increased permanence in flow and may result in the channel
directly supporting Redside Dace. As a result, the watercourse will be subject to the
meanderbelt plus 30 m setback associated with Redside Dace.

Roach 14W-16

JP indicated that the proposed channel stabilization would provide the opportunity for
improved habitat diversity suitable to improve habitat for Redside Dace including the
increased flow anticipated from the realignment of Reach 14W-14. SM and RK were
supportive of this approach.

Similar to Reach 14W-11A, RK indicated that the proposed stabilization is likely to
pose a Low risk of resulting in a HADD and a Fisheries Act Authorization is unlikely to
be required. SM supported this assessment.

JP also indicated that the entire Reach (14W-16) was considered by the MNR as
Redside Dace habitat and as a result, the watercourse is subject to the meanderbelt
plus 30 m setback associated with Redside Dace.

vii.  Farm Pond/Reach 14W-14A (29.1 subsection v applies)

MNR Classification: Mr. John Pisapio did not indicate that this reach was considered Redside Dace
habitat during the October 10, 2011 site meeting with MNR, CH and DFO nor was this reach
identified as “Potential Contributing Redside Dace Habitat’ in subsequent e-mail correspondence of
July 25, 2013 that identified both “Occupied Redside Dace Habitat’ and “Potential Contributing
Redside Dace Habitat’. As a result this classification found in the December 20, 2013 letter is the
first indication from MNR that the farm pond is classified as Redside Dace habitat.
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For context, this pond is an artificial feature that was constructed as a bypass pond to receive and
discharge flow from a shared inlet/outlet. The pond was built over a previously existing watercourse
by constructing a berm across the lower end of the reach. Other watercourses on site were subject
to modifications to address the changes in hydrology. Specifically Reaches 14W-13 and 14W-14
were joined upstream of the pond inlet/outlet to provide a source of surface water to the pond.
Flows enter and leave the pond through the watercourse connection at the west end of the pond
and experience a shallow cattail dominated area which filters much of the coarse sediment. Finer
sediment laden water enters the main pond area where the zero flow energy environment allows
the finer particulates to settle out of solution, accumulating in a loose bottom substrate, commonly
referred to as “muck”. As water levels in the watercourse recede, the partially clarified, warmer
pond waters near the surface flow backward through the cattails, resuspending some of the
previously filtered coarse sediment. Outflow from these reaches and the pond have been directed
to Reach 14W-12A, a constructed channel within a trapezoidal “valley” to convey flow to Reach
14W-12 (constructed to replace the channel under the pond). This information as well as the data
and analysis supporting the points below are provided in great detail in the EIR/FSS including
Technical Memorandum NH#1 in the EIR/FSS appendices, and was further discussed at our
September 10, 2013 workshop meeting.

The pond does not seem to meet the functions and criteria identified in Ontario Regulation 242/08
Section 29.1, subsection v. We would request that the MNR specify how this constructed feature
meets the criteria identified below.

29.1 For the purpose of clause (a) of the definition of “habitat” in subsection 2 (1) of the Act, the following areas are
prescribed as the habitat of redside dace:

1. Within the cities of Hamilton and Toronto, the counties of Bruce, Grey, Huron, Simcoe and Wellington, the regional
municipalities of Durham, Halton, Peel and York, the Townships of St. Joseph, Jocelyn and Hilton, and the Village
of Hilton Beach,

i. any part of a stream or other watercourse that is being used by a redside dace,

ii. any part of a stream or other watercourse that was used by a redside dace at any time during the previous 20
years and that provides suitable conditions for a redside dace to catry out its life processes,

iii. the area encompassing the meander belt width of an area described in subparagraph i or ii,
iv. the vegetated area or agricultural lands that are within 30 metres of an area described in subparagraph iii, and

v. a stream, permanent or intermittent headwater drainage feature, groundwater discharge area or wetland that
augments or maintains the baseflow, coarse sediment supply or surface water quality of a part of a stream or
other watercourse described in subparagraph i or ii, provided the part of the stream or watercourse has an
average bankfull width of 7.5 metres or less.
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 This feature does not meet the definition of a stream, headwater drainage feature,
groundwater discharge area or wetland, as addressed in this bullet.

This pond is not a stream or watercourse, it does not convey flow instead it receives and
stores water. The pond has been constructed to receive surface water from Reaches 14W-
13 and 14W-14 during spring freshet as well as in response to precipitation events. Water
stored in the pond can only be discharged back into Reach 14W-12A (a constructed
channel) once water level elevations in Reaches 14W-13 and 14W-14 subside, and
therefore the pond does not contribute flow, rather it simply provides storage.

Generally headwater features/wetlands are associated with groundwater discharge zones
that give rise to creeks and streams. Surface water level data from the pond as well as
groundwater data from surrounding monitors indicate that the pond does not receive
groundwater inputs in sufficient quantities that create discharge into the watercourses, the
discharge from the pond is associated with surface water inputs. Groundwater elevations at
the surrounding monitoring wells showed the water level at the pond is consistently on the
order of 1 to 2 m higher elevation than the groundwater, and therefore the pond is losing
water into the ground rather than receiving groundwater inputs'. Recent work done at the
site (October-November 2013), with installation of a drive-point mini-piezometer (MP-24-D)
at the inlet end of the pond indicated that the shallow groundwater elevations here ranged
between 0 to 0.1 m above the pond water elevations, and therefore only very minor
groundwater discharge potential is present, and is far outweighed by the losses back into
the ground over the much larger area of the pond to the east, where the greater head
differences are recorded.

The lack of groundwater inputs is supported by the warmwater thermal regime of the pond.
It seems more likely the pond is a ‘sink’ rather than ‘source’, receiving surface flows and
losing water to both evaporation and into the underlying soils, rather than consistently
contributing water from the pond to the downstream watercourse. This lack of groundwater
input supports our ongoing position that the pond is not a groundwater controlled feature
that augments base flow. This information is provided in great detail in the EIR/FSS.

' Groundwater elevations at a monitoring well nest located approximately 100 m upstream of the pond inlet (alongside
Reach 14W-14) indicate groundwater elevations at that location to range between about 0.5 and 1.0 m higher than the
surface water levels in the pond located downstream, of this station (further note that during the summer season,
groundwater elevations at these monitors would typically decline the base of the channel, so inputs to the channel are not
year-round). The data from this monitoring well nest indicated that the area where the potential for groundwater inputs
changed to surface water losses would be located near the upstream end of the pond. The data collected at MP-24D
further supports this.
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While the farm pond shares similar attributes with natural wetland habitat (e.g. wetland
vegetation), it was constructed to support agricultural activities and as such should be
considered “agricultural infrastructure”. Its wetland attributes are attributed to the lack of
management of this pond as “agricultural infrastructure” and its disuse resulting in the
establishment of wetland species rather than its function as an ecological feature. The
wetland vegetation communities present are common (cattail shallow marsh and duckweed
shallow aquatic) and are typical of vegetation associated with stagnant ponds. The
vegetation present is not obviously sustained by groundwater inputs to the pond, but rather
appears to be sustained by the presence of surface water that occasionally flows into the
pond from the watercourses. A similar outcome occurs when SWMP are left to “naturalize”
between maintenance events as the wetland community present is typical of those found
within SWM facilities in Halton Region. A similar effect can be replicated through standard
SWM pond construction and re-vegetation practices.

The pond also does not supply coarse sediment to downstream reaches. The shared
inlet/outlet and to a lesser extent the dense emergent vegetation at the inlet/outlet minimizes
the potential transport/supply of coarse sediment. The dense emergent vegetation at the
inlet/outlet reduces velocities of flow discharging from Reaches 14W-13 and 14W-14 into
the pond, thereby resulting in the settling out of coarse sediment particles prior to entering
the pond. Once in the pond, fine sediment still suspended in the water column will continue
to settle out as velocities are further reduced. Physical agitation of the pond water due to
flow from the contributing reaches are minimal due to the flow dynamics of the shared
inlet/outlet and thermal stratification (in the summer) minimizing the potential for fine pond
sediment to be re-suspended. Furthermore, given the pond’s size, the potential for wind
agitation to re-suspend the pond substrate is also low. As a result the pond appears to
function as a sediment sink rather than a source for sediment. Due to the loss of fine
sediment, and limited resuspension of coarse sediment, flow from the pond and upstream
creeks will reestablish an equilibrium sediment load by scouring the downstream
watercourse bed and banks, creating an erosive influence in these reaches.

A thermal assessment of the pond between July and October 2011 at varying depths
indicates that with the exception of the pond at its deepest point (>2 m) the thermal regime
is warmwater with a weekly average in July ranging from 25-27°C and maximums ranging
from 26-30°C and in August from 24-25°C and maximums ranging from 25-29°C. It is
important to note that the “cooler” temperatures recorded in the deepest part of the pond are
believed to be attributed to the burial of a temperature logger in the substrate (pulled under
by the anchor) rather than the water itself. As a result the temperature logger appears to
have been inaccurately recording the soft sediment temperature that is likely cooler than the
water temperature due to its connection with the underlying soils as they appear to be in
thermal equilibrium with the underlying soils which act as a heat sink.

10
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As would be expected, the higher weekly averages and maximums of July and August 2012
are attributed to the surface waters rather than the deeper waters. In the summer when the
pond is connected to Reach 14W-12A during precipitation events, it is this higher
temperature water that would be discharged downstream as the flow dynamics of the
shared inlet/outlet, thermal stratification observed in the summer and minimal wind agitation
would limit the mixing of the differing water temperatures. This discharge of warmer water
could result in adverse effects to the downstream habitats, including Redside Dace occupied
habitat in Reach 14W-12. The proposed removal of the farm pond is also consistent with
the Examples of Potential Overall Benefit Actions for Redside Dace in the DRAFT Guidance
for Development Activities in Redside Dace Protected Habitat (February 2011). This
guidance document specifically identifies the “Decommissioning of artificial ponds
connected to occupied streams to improve fish passage and/or water quality (e.g.,
temperature)”.

» The average width of the pond (Reach 14W-14A) is more than 7.5 m. The pond is
approximately 300 m long and is greater than 20 m wide for the majority of its length only
reducing to within the range of 7.5 m for a short distance at the shared inlet/outlet.

As indicated, it is uncertain why this pond is being identified as Redside Dace habitat under Ontario
Regulation 242/08 Section 29.1, subsection v. and as a result further justification from MNR is
required to assist in our understanding.

Proposed Interaction with Development Plan: The proposed development plan will result in the
elimination of Reach 14W-14A, and the construction of a SWMP in its location. The function of this
reach will be addressed as per the requirements of NOCSS including addressing the “stream”
length. Furthermore, CH has provided comment related to the specific functions of the pond they
would like replicated in the realigned channel.

It has been our experience that the removal of pond habitat (i.e., by-pass, on-line), specifically
those contributing to cool/coldwater habitats, is a measure often identified to improve thermal
regimes related to fish habitat and is frequently used as a means to offset adverse effects to fish
and fish habitat. We are currently retained on a project in the MNR - Aurora District jurisdiction
where the removal of an online pond on Redside Dace occupied habitat and the removal of an
online pond on Redside Dace contributing habitat were proposed and accepted in a Mitigation Plan
as suitable measures to address effects to Redside Dace habitat. The proposed Stormwater
Management Pond will be constructed with state of the art thermal mitigation measures specifically
designed to address the thermal gains currently experienced with the farm pond. Considering the
effect of the farm pond (Reach 14W-14) on water quality (water temperature, sediment, etc.) the
benefit to Redside Dace associated with the removal of this constructed feature would be a
consistent approach.

11
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The NOCSS Implementation Report states that one of its broad level riparian corridor management
recommendations to achieve certain targets on a system wide basis includes the removal of online
ponds as they are considered detrimental from a temperature moderation perspective. Although
the pond in question is not an online feature, its effects are similar and the removal of these
adverse effects would be beneficial to the aquatic habitat of downstream reaches and consistent
with the subwatershed study.

Comment requested from MNR related to the justification of the inclusion of the farm pond
(Reach 14W-14A) as Redside Dace habitat, its removal from the landscape and specific

function to be replicated to support Redside Dace (if any).

viii.  Riparian Wetlands, as described on Figure 6.3.4

MNR Classification: It is unclear why the author chose to reference the NOCSS ELC mapping
(Figure 6.3.4) rather than the mapping provided in the EIR/FSS (Figure 5.2). The NOCSS mapping
for the site is based on aerial/satellite photo interpretation while the mapping in the EIR/FSS was
based on site specific surveys that provide a greater level of accuracy.

12
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With the exception of the pond (Reach 14W-14A), the remaining wetlands are associated with the
stream corridors. These riparian wetlands within the agricultural landscape have been subject to
anthropogenic disturbance with the adjacent active agricultural use likely resulting in periodic
disturbance (e.g., chemical spraying/vegetation dieback, encroachment due to ploughing, vehicle
crossing through riparian habitat). Furthermore, the wetland boundaries likely shift from year to
year depending on extent of agricultural land disturbance as well as precipitation. Low botanical
quality and health (dominated by non-native grasses and disturbance tolerant species) results in a
general low sensitivity to these features.

As previously indicated the wetland attributes identified in the farm pond are associated with the
absence of maintenance of this “agricultural infrastructure” and is similar in composition to an
unmaintained SWMP. The EIR/FSS indicates that the overall sensitivity and botanical quality of the
pond are low (low diversity, common and tolerant wetland species).

We would request that the MNR specify the function of the wetlands that is considered to support
Redside Dace in order to ensure that the watercourse realignment designs include enhancement to
wetland habitat that meets the desired functions.

Proposed Interaction with Development Plan: The removal of the farm pond (Reach 14W-14A) and
channel works associated with Reach 14W-22 (realigned Reach 14W-14), Reach 14W-11A and
Reach 14W-16 will result in the removal of the associated wetland components. The proposed
realignments provide the opportunity to re-create and potentially enhance the function of the
existing wetland features that have been adversely affected by agricultural influences.

Comment requested from MNR related to the re-creation of wetland habitat within the
realigned reaches.

2.0 In reviewing the document we noted that a number of key sections did not reference the
Draft Guidance for Development Activities in Redside Dace Protected Habitat
(http://www.mnr.gov.on.ca/stdprodconsume/groups/Ir/@mnr/@species/documents/docu
ment/stdprod_082290.pdf). Accordingly we have concerns with the following:

i.  Lack of pre-development and post-development water balance calculations

The efforts to date associated with the hydrogeological component of the study have met the
requirements of the NOCSS with additional studies undertaken in response to requests by CH staff.
The EIR/FSS provides detailed, monthly, pre and post development water balance calculations for
each of the sub-watersheds found on the Lazy Pat lands. In addition to the numerous references
to our water balance calculations made throughout the (Section 4) Hydrogeology section of the
EIR/FSS 2™ Submission , Sections 4.4 through to 4.4.4.6 of the submission (pages 4-23 to 4-39
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inclusive) are devoted to describing the water balance methodology and results and is supported by
twenty pages of spreadsheet calculations in Appendix 4.7. Section 7 of the EIR/FSS’s report
December 19, 2012 cover letter is titled Infiltration and Water Balance and provides a summary of
the water balance detailed in the aforementioned section of the EIR/FSS.

A summary of Item 7 (Infiltration and Water Balance) of the December 19, 2012 cover letter:

MMM’s detailed site-specific studies of the Subject Property did not identify any areas with soils
suitable for enhanced infiltration techniques (e.g., sands). The upper weathered zone of the Halton
Till (clay-silt soil with low permeability) with its fracturing therefore remains the most viable option
for infiltration and following development these soil conditions will be limited to the natural
environment areas associated with the watercourses with the principal means of mitigating
infiltration losses from infiltration swales constructed along the edges of these watercourse valleys.

Under these less than ideal site conditions, the water balance analysis calculated a reduction in
infiltration with mitigation measures following development on the Subject Property improved from a
62% calculated post-development loss with no mitigation measured employed, to a 29% calculated
loss with the proposed mitigation measures. This is a significant improvement considering the low
permeability of soils and the proposed maximum 90% lot coverage for the developable areas,
based on the more urban and intensive employment uses envisaged by the Town, and provided for
in the North Oakville Zoning By-law.

MNR'’s Redside Dace Guidelines state: “Post development water balance (i.e., the hydrogeological
cycle of water including the flow and levels of surface and ground water) should match
predevelopment water balance in order to protect the natural hydrological functions of Redside
Dace streams. Therefore there should be no storm run-off from rainfall events in the range of 5 —
156mm (however, this may depend on the recommendations set forth in the subwatershed plan and
on soil permeability)”. The MNR guideline does not state that post-development infiltration must
100% match the pre-development infiltration in the vicinity of Redside Dace streams as it
recognizes the role of soil permeability in allowing for effective mitigation. Furthermore, the MNR
Guideline also defers to the recommendations set forth in local; subwatershed plans, and the North
Oakville Creeks Subwatershed Study (NOCSS) does not indicate that 100% post-development
infiltration is “required”, rather, that using best efforts and best management practices to minimize
infiltration reduction is required.

Therefore, in our opinion that the proposed mitigation concepts described in the EIR/FSS with 29%
calculated reduction in infiltration meet the stated goals/requirements of the NOCSS and the MNR
Redside Dace Guidelines given the soil properties on the lands.
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ii.  Proposed storm water management facilities and the design criteria used

The proposed storm water management facilities have been designed to comply with the 2003
MOE Stormwater Management Planning and Design Manual and Town of Oakville design
guidelines, with modifications to respond to Conservation Halton directions on specific pond
performance. The modifications do not alter the compliance with MOE or Town requirements. Due
to numerous performance requirements related to water quality treatment, flow control, thermal
mitigation, baseflow maintenance, NOCSS recommendations, etc., the proposed pond locations
were chosen and scrutinized for suitability as a SWM facility. In all pond blocks, the locations were
chosen to balance gravity drainage capacity for the development lands with the ability to contribute
flow as far upstream in the affected watercourses as possible. Fewer, larger ponds are preferred
over multiple, smaller ones from a municipal planning standpoint to minimize future maintenance
burdens and supporting infrastructure requirements.

In terms of Redside Dace consideration, larger ponds are again preferred over smaller ones, as
water quality improvement is proportional to hydraulic residence time. In addition, fewer outlet
controls (tied to fewer facilities) allows for better flexibility in achieving the overall watershed unit
flow rate targets for the 14 Mile Creek watershed as identified by Conservation Halton. This
indirectly contributes to on-site and off-site Redside Dace habitats by promoting an increased
stability in downstream reaches. This stabilized flow regime will incorporate the pond’s discharges
which will consist of fully treated (80% TSS removal) stormwater effluent that has passed through
thermal mitigation measures to ensure discharge meets all regulatory authority criteria and is of
sufficient quality to support the receiving waters as RSD habitat.

iii.  The number of stream crossings proposed in the development site as well as
adjacent lands

In our cover letter, dated December 19, 2012, accompanying the EIR/FSS 2" Submission, item 3.0,
titled Reconfiguration of Avenue One and Avenue Two, outlines the rationale for the east/west road
patterns and how these crossings have been aligned to minimize the crossings of Redside Dace
habitat. Furthermore, it also indicates how the proposed network is consistent with the North
Oakville West Secondary Plan, which identified the need for two major east-west arterial roads to
traverse the secondary planning area. In fact, our development plan proposes to shift the
Burnhamthorpe Road extension further north (than that identified in the North Oakville West
Secondary Plan), in order to minimize the number of crossings and potential impacts on Redside
Dace habitat (Reach 14W- 12).

15
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As presented and discussed at the September 10, 2013 workshop meeting, the proposed alignment
provides flexibility in the road alignments on the adjacent lands for crossing Redside Dace habitat.
It is recognized that the final location of road crossings on adjacent lands would need to be further
assessed through EIR/FSS studies for the adjacent lands, and is beyond the scope of our work.

Item 3 (Reconfiguration of Avenue One and Avenue Two) of the December 19, 2012 cover letter
states:

The comments identified concerns with the proposed road pattern proposed in the Concept Plan,
and how they differed from the NOWSP. Of most significance was the additional crossing proposed
by the realignment of Avenue Two, its proximity to private property and the constructability without
sufficient grading, and landowner coordination matters with respect to the location of Avenue Two

As previously indicated, the conceptual road network identified in the North Oakville West
Secondary Plan (NOWSP) does not provide a sufficient network to facilitate the appropriate
development of the 407 West Employment Area, based on more detailed study undertaken through
this EIR/FSS. MMM has provided various comments to the Town in relation to the NOWSP road
pattern, and based on these discussions with the Town it was recognized that the road network is
conceptual and may be further refined, this is further supported by the policies of the NOWSP. In
our letter dated March 30, 2012, MMM provided further details on the modifications to the road
pattern and the existing constraints affecting the road alignments. Modifications to the road network
were initially proposed to:

* minimize the impact on the existing GE Facility site and operations, and extent of the NHS
crossing, by shifting Avenue One to the south;

* minimize the impacts on the NHS by shifting the Burnhamthorpe Road alignment north of
the High Constraint Stream Corridor (Reach 14W-12A) and existing pond on the Subject
Property; and

* modifying the road alignments to accommodate appropriate access to larger sized
employment blocks, particularly to the north of the planning area (Avenue One alignment).

The following modifications have been made to the development plan in response to comments:

» Avenue Two is proposed to be shifted to the west to straddle the western boundary of the
Subject Property in order to provide access to the Subject Property and the adjacent lands
to the west. We understand that this addresses concerns raised by the neighbouring
landowner to accommodate frontage on this new north-south road. In doing so, the
additional crossing of the NHS of Avenue Two has been eliminated, as the road is proposed
to extend northwesterly to Avenue One, on the west side of the NHS; and

» the Burnhamthorpe Road extension has also been modestly shifted north in the vicinity of
the pond, to avoid crossing the existing High Constraint Stream Corridor, and provide a
sufficient setback from the 14W-12A High Constraint Stream Corridor. The road crossings
through the NHS will be designed to minimize disruption to the streams, through appropriate
watercourse crossing construction practices, and minimize encroachment into Redside Dace
Habitat.
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In our opinion, the proposed road pattern is consistent with the NOWSP, and follows a modified grid
pattern which responds to the existing environmental and site conditions while encouraging
accessibility and a viable transit network throughout the 407 West Employment area. Furthermore,
the Draft Plan of Subdivision also identifies potential temporary right-of-ways and existing
easements (driveways), which are intended to accommodate an appropriate road network and
access to the Subject Property until such time as the proposed roads and intersections have been
constructed on adjacent lands, where required.

iv.  Proposed relocation and alteration of Redside Dace habitat

Although there is much overlap between agency reviews, the intent of the authors was that the
EIR/FSS address the specific requirements of the Town and CH, specifically for aquatic habitat it
meant ensuring the appropriate treatment of the High, Medium and Low Constraint streams in
accordance with NOCSS. As a result, the discussion related to Redside Dace habitat (as well as
other species regulated under the ESA was only mentioned within the context of the NOCSS with
deferral of the detailed assessment to MNR review. We have implemented this approach with
numerous development projects in the province including MNR — Aurora District.

The EIR/FSS is a comprehensive document meant to address specific municipal requirements. A
single document to address separate municipal and provincial review of the species and habitat
would, in our opinion, be unwieldy and unclear. This is especially the case when the review
process and requirements related to the ESA was undefined and would have meant delays in
submission to the Town and CH. This is the rationale for the continued attempts to contact MNR
directly and obtain comment following the first submission of the EIR/FSS.

As indicated in your letter, we welcome the opportunity to meet with you at your office to
review these comments in further detail, at your earliest convenience.

3.0 Based on records of Bobolink, MNR has determined the subject property provides
habitat for Bobolink. An authorization under the ESA is required for the damage or
destruction of Bobolink habitat.

We would like to have clarification and justification to the rationale for the classification of the

subject property as bobolink habitat. Specifically the record referred to and the actual delineation of
habitat.
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Although there have been anecdotal/incidental recordings of bobolink on site by our study team,
formal surveys in accordance with the MNR’s transect protocol for bobolink and eastern
meadowlark were not undertaken prior to 2013. It has been our experience, specifically with the
MNR — Aurora District that the incidental/anecdotal recordings are not solely acceptable as
evidence for habitat classification. As mentioned in more recent discussions with MNR staff, the
species specific transect surveys were undertaken in Spring 2013. Due to the prescriptive nature of
the protocol (transect and point count spacing), in agricultural settings the sampling locations can
often be located within unsuitable habitat (e.g., ploughed fields) and other smaller areas of potential
habitat lie beyond these prescribed locations (see field notes below). In the 2013 surveys, due to
the intensively farmed landscape the established transects and associated point counts were
located within ploughed fields with little/no crop cover. As a result additional point count locations
beyond transects were also undertaken within potential habitat to supplement data.

The following is a summary of the observations and its assessment:

Timing: Surveys undertaken on May 31, June 11 and July 4, 2013. The time spent surveying each
day and the results of the surveys are as follows:

* May 31 -7:15-7:50 a.m.
e June 11 —-8:50-9:45 a.m.
e July4 —-7:45-8:30 a.m.

Land Use: Most of the subject lands are croplands with meadow habitat at the extreme northeast
corner of the property and within stream corridors.

Most of the cropland was recently plowed with the field in the centre of the property sparsely
covered by forbs that were approximately 10 cm in height in May and June.

Three point count locations in addition to the transects were selected where vegetation was well
established; meadow habitat in northeast corner and two in the riparian habitat.

Conditions: Air temperatures during survey period ranged between 19°C and 22°C. With the
exception of very light sporadic rain on July 4, 2013 at Point Count 1, there was no other rain.
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Results:

Due to the habitat present at the prescribed transect points including near absence of vegetation
cover in the agricultural fields, bare ground and riparian habitat with tree and shrub cover, there was
no viable bobolink or eastern meadowlark habitat present, and neither of these species observed.

The additional point count locations established to document areas of greater habitat potential did
not result in visual observation or auditory evidence of bobolink or eastern meadowlark presence.
A summary of the results are presented below.

Point Count 1 — meadow in northeast corner
 No bobolinks or eastern meadowlark were observed or heard.

» Vegetation was mostly forbs, increasing from about 80% to 95% over the survey period.
» Other bird species recorded include brown cowbird, European starling, red-winged
blackbird, American woodcock, cedar waxwing, song sparrow, mourning dove

Point Count 2 — Reach 14W-14 Riparian Corridor
* No bobolinks or eastern meadowlark were observed or heard.

» Vegetation was mostly grass, decreasing from about 95% to 60% over the survey period.
e Other bird species recorded include horned lark, European starling, red-winged blackbird,
song sparrow, ring-billed gull, tree swallow, killdeer (10), great blue heron

Point Count 3 — Reaches 14W-14/14W-12A Riparian Corridor
 No bobolinks or eastern meadowlark were observed or heard.

* Vegetation was mostly forbs, increasing from about 80% to 95% over the survey period.
e Other bird species recorded include red-winged blackbird, spotted sandpiper, song sparrow,
bank swallow and great blue heron

It appears that the incidental observations of bobolink within the site were likely attributed to the
planted crop at the time of observation (e.g., hay, wheat, etc.) and/or movement of individuals
through the area. This is supported by the absence of recorded breeding bobolink and eastern
meadowlark use during the 2013 species specific surveys. It is anticipated that these species will
occasionally be located on site if a suitable crop is present for their use as the non-crop land is
limited and would provide marginal habitat due to the relatively small size and orientation (long
narrow riparian corridors).
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4.0 Barn swallow has been found breeding on the subject property. An authorization under
the ESA is required for the damage or destruction of Barn Swallow habitat. It is
recommended that the proponent work with MNR to determine qualification under O.Reg
242/08, Section 23.5 for the removal of the structures on site that support Barn Swallow.
Please note, O.Reg 242/08, Section 23.5 only speaks to the removal of buildings or
structures that provide habitat for Barn Swallow and does not cover the damage or
destruction of adjacent foraging habitat. If the adjacent foraging habitat is planned to be
removed, damaged and/or destroyed in the future, an ESA 17(2)(c) Permit will be
required.

Based on recently completed and ongoing project review by MNR — Aurora District for development
projects affecting barn swallow nesting and foraging habitat, it is anticipated that the removal of any
structure supporting this species can follow the online registry process for this species. Please
confirm. The likely approach will be the installation of artificial nesting structures within the open
space/Natural Heritage Systems (NHS) of the site. Furthermore the extent of NHS and Open
Space (SWMP) is anticipated to provide sufficient forage habitat given the stream corridors in the
vicinity of Dundas Street (greater than 100 m) and with more area available for foraging habitat
when accounting for adjacent SWMPs.

In reference to the comment “Please note, O.Reg 242/08, Section 23.5 only speaks to the removal
of buildings or structures that provide habitat for Barn Swallow and does not cover the damage or
destruction of adjacent foraging habitat’ it is unclear the manner in which to apply this principle.
Forage habitat and nesting habitat are linked with the forage habitat based on proximity to a nest
(and associated structure). When a nest/structure are removed (provided an appropriate
replacement structure meeting the requirements is installed) following the online registry process,
the forage habitat associated with the original structure ceases to function as forage habitat as
there is no longer a nest. Please clarify this statement and its actual interpretation in terms of how
the proponent is expected to proceed to remove the structures on site.

5.0 Please provide all available data on the historic bird survey records, which include
Eastern Meadowlark.

Breeding bird data has already been provided and is detailed in Section 5.3.6.2 Wildlife Survey
Results and supplemented with a detailed species list in Appendix 5.2 — Wildlife in the EIR/FSS.
The breeding bird surveys did not record the presence of eastern meadowlark on site. As
previously mentioned, the species specific transect surveys for bobolink and eastern meadowlark
did not result in the observation of this species. Please provide further clarification related to the
data you are specifically referring to.
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6.0 Recently, the Little Brown Myotis and Northern Long-eared Myotis have been listed on
the ESA, 2007, as endangered. These species are now afforded both species and habitat
protection under the ESA, 2007. MNR recommends that the site be surveyed for
potentially suitable bat habitat (including, but not limited to: forested areas, abandoned
buildings, houses, sheds, etc.) and that if any potentially suitable habitat is found on site,
bat surveys be conducted prior to the damage or destruction of any habitat which may
support bats. This information on potentially suitable bat habitat should be provided to
MNR for review.

As the inclusion of these species for protection under the ESA is relatively “new” and previous
records for the area were not known, we will review the potential for these species to be present
and the most effective manner to determine their presence/absence. Thank you for the notification.

As is evidenced by the extensive comments above, further justification/clarification is required from
the MNR in regards to the classification of habitats with specific reference to the function of the
habitat as we do not entirely agree with the statements made in the correspondence. Where
indicated we would like to review the data in your possession that is the basis for your position and
review in association with our data. Once that is complete we can determine what habitat functions
are clearly present and determine the most appropriate manner in which the development plan is
advanced and incorporates suitable measures to ensure conformance with the ESA. Furthermore,
we would request that the MNR advance their review of the project beyond “what is regulated” and
provide comments specifically related to the development plan (i.e., watercourse realignment,
encroachment of SWMP into Redside Dace habitat, farm pond removal and functions (if any) to be
replicated). It is our view that there is sufficient data and analysis within the EIR/FSS, agency
comments/proponent responses and associated documents to address your requirements for
baseline conditions and assess potential effects under the ESA. If you require additional data
beyond that contained in the EIR/FSS, please advise what information that is not included in the
EIR/FSS and we will make every effort to provide it to you in a timely fashion.
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Once again, thank you for your continued attention to the review of the project and ask that you
contact the undersigned should you have any questions related to this material. We will be in
contact shortly to set up an appropriate meeting time to discuss these comments and a strategy for
moving forward with MNR.

Yours truly,
MMM Group Limited

Mark Cece, B.Sc.

Manager of Ecology/Senior Fisheries Biologist
Associate Partner

Ecology Department

CC: Paul Bond, Conservation Halton
Rob Thun, Town of Oakville
Richard Clark, Halton Region
Mike Reel, Bentall Kennedy (Canada) LP

M:\Jobs\2009\14.09222.001.P01 - 407 West Employment Area\Ecology\Agency Correspondance\MNR\January 2014 ESA MNR Jan 20
Corresp\Sent to client\CLIENT COMMENTS TO DRAFT response to MNR Dec 20 2013 letter re ESA - Jan 15 2014.doc
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To: Paul Bond Date: February 27, 2014

From: Chris Tyrrell Job No.:  14.09222.001.P01

Subject: Bentall Kennedy (Lazy Pat Lands) CC: Mike Reel
Response to Conservation Halton Rob Thun
comments, February 13, 2014 email Rita Julio

Janette Brenner
Jacek Strakowski
Samantha Mason
Lesley Matich

We appreciate your comments in your email of February 13, 2014, and wish to provide the following
responses as shown as (MMM bold and in italics).

June 3, 2013 CH Letter Regarding 2" Submission of EIR/FSS

1. Comment addressed. It is noted that ecology staff are still waiting for Oxygen concentration data.

MMM: Information has been electronically sent to Paul Bond via email and will be saved on a
flash drive and couriered directly to Mr. Bond.

2. To be addressed in future submission.
MMM: No Further Comment

4. Road Alignment — Conservation Halton staff agree that there is no further action to be taken with
respect to the road alignment other than that the additional information provided to demonstrate the
future road flexibility should be incorporated into the EIR/FSS document. At the September 10"
meeting, however, we also discussed the sanitary sewer servicing under this heading and it was the
further actions to be taken with respect to the sanitary sewer servicing that we were referring to.

MMM: The revised sanitary servicing option of the sanitary sewers under the watercourse
crossings have been included as part of the recently provided Area Servicing Plan for the 407
West Employment Lands for Conservation Halton’s review. This option demonstrates that the
sanitary sewers can be installed with a minimum of 3m below the bottom of the existing
watercourse as requested by CH.

March 21, 2013 CH Letter

A. There is outstanding concern regarding the proposed size of the proposed SWM pond
proposed for the existing 14W-14A pond. The concern lies with the potential for thermal
impacts on the downstream fish community and the feasibility of reaching stormwater thermal
targets.

MMM: In order to mitigate the potential thermal impact on the downstream fish community, a
thermal trench is being designed, which enables a definite portion of the controlled release rate
from SWM Pond 3 to attain an optimum temperature for the benefit of the fish community
before the runoff is released to the 14W-12 channel reach. The design of the thermal trench has
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been undertaken in accordance to the spreadsheet [Thermodynamic model developed by Doug
Nuttal (Water Resources Engineer, Mississippi Valley Conservation Authority)] sent by
Samantha Mason. The details of the thermal trench and the supporting calculations will be
provided in the upcoming EIR/FSS. It should be noted that the size of the thermal trench is
limited by available space, the invert of the downstream channel reach, and the invert of the
SWM Pond 3 outlet structure.

D. Infiltration and Water Balance — Staff look forward to reviewing further documentation regarding
how best efforts to achieve infiltration and water balance on the property in order to help sustain
and provide a net benefit to the endangered Redside Dace on the downstream portion of the

property.

MMM: As reported many times in the past, the clay-rich soil conditions at the site make
achieving a post development water balance very difficult. MMM will review the EIm Drive West
bio-swale monitoring data (see below) and adjust our water balance calculations if this real
world data is applicable to the Bentall site. Furthermore, MMM will be meeting with the MNR on
February 26 to discuss the Redside Dace issue as we understand they now retain full
jurisdiction over the ESA.

G. Location and Size of SWM Facilities — Clarification required from Town of Oakville Staff regarding
their position on a pipe in a pipe cooling system in terms of acceptance of this approach. Preference
would be not to rule out the use of a “pipe in a pipe” approach to thermal cooling until this cooling
method has been discussed with Town of Oakville staff. The maximum allowable permanent pool
depth for a wet pond as per table 4.6 in the 2003 MOE Stormwater Management Planning and Design
Manual is 3.0 m. This table also states that the preferred length to width ratios for wet ponds will be
constructed with a 4:1 to 5:1 length:width ratio. It is requested that these length to width ratios be
considered for all proposed SWM facilities on the property. Please note the following SWM guidelines
provided in the MNR document entitled: DRAFT Guidance for Development Activities in Redside Dace
Protected Habitat:

e the discharge of water from urban development stormwater management facilities into
Redside Dace habitat should not exceed 25 mg/| of total suspended solids (TSS) above the
background stream level of total suspended solids

o Post development water balance (i.e., the hydrological cycle of the water including the flow
and levels of surface and ground water) should match predevelopment water balance in
order to protect the natural hydrological functions of Redside Dace streams

e To maximize the absorption of nutrients and other contaminants and prevent them from
entering streams, stormwater management facilities adjacent to Redside Dace habitat
should be designed as hybrid extended detention wetlands/wet ponds

e The above objectives can be achieved by utilizing a low impact development strategy for
stormwater management that treats stormwater as close to the source as possible and
focuses on runoff prevention. This includes such measures as:

e Site design strategies to minimize runoff which involves:

o conserving natural features that absorb rainfall (e.g., wetlands, stream buffers,
forested areas, permeable soil, etc.)

o locating and designing buildings/infrastructure to reduce impact (e.g., clustering
development in less sensitive areas, reducing footprints of buildings and roadways)

o Evaporation and infiltration practices (e.g., using native vegetation/trees, green
roofs, soak away pits, infiltration trenches, permeable pavement)

o Rainwater harvesting (e.g., rain barrels, cisterns)
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o Runoff conveyance (e.qg., perforated pipe systems or grass channels which treat and
infiltrate runoff as it is being transported)

o Runoff storage (e.g., woodland restoration, constructed wetlands which capture and
then release water as evaporation into the air)

e Several of these low impact development measures may be required, which will vary
depending on site specific factors including the soil, geology and groundwater level. These
measures will reduce the amount of effort required to implement effective end-of-the-pipe
solutions.

Please note that these sections of MNR’s Guidance for Development in Protected Redside Dace
Habitat are provided for the proponent’s reference with respect to options that may be required for the
cooling of stormwater originating from the Lazy Pat lands that will enter the habitat of Redside Dace.

MMM: MMM is not currently ruling out the “pipe in a pipe” approach, however the application of
this approach is new to Ontario, and as design engineers, we have significant reservations
about its use. While the concept is similar in principle to a heat exchanger, we have concerns
about long-term operation and maintenance of this system, repair/replacement costs, ease of
access, etc. We have significantly more experience with cooling trenches and are preparing a
cooling trench design consistent with the design guidance provided to MMM by Samantha
Mason, based on an analysis from her colleague at the Mississippi Valley Conservation
Authority. The design will be presented in the revised EIR/FSS for CH review to show
consistency with the OMB mediation item on thermal SWM effluent targets. At this time, we are
not professionally supportive of the “pipe in a pipe” approach in a planning document for a
project of this nature, unless the Town believes it will provide significant benefits over a
cooling trench design and agrees to maintain it after assumption. We also request an example
of where this approach has been used successfully in a cold climate location so that we can
compare its performance to date to the climate of the current project.

With respect to the allowable permanent pool depth and length to width ratios, we are aware of
the maximum allowable depth for wet ponds from the 2003 MOE Stormwater Management
Planning and Design Manual (SWMPDM). We also note that MOE’s preferred criteria is a
maximum 2.5m deep permanent pool with a mean depth of 1.0-2.0m, specifically to avoid the
tendency to promote anoxic conditions in the SWM pond and to avoid resuspension of settled
pollutants. Providing maximum depth ponds throughout the pond cell will likely increase the
probability of a thermocline in the pond, which will prevent mixing of the pond depth layers,
promoting anoxic waters and impairing treatment function. We are proposing shallower ponds
at the planning stage to ensure sufficient SWM block sizes are reserved to provide the MOE
stipulated volumes for active storage and water quality treatment and to ensure a ‘preferred’
SWM pond treatment capacity. As the EIR/FSS is a planning level document, it is preferable to
demonstrate ‘preferred’ configurations for SWM facilities to allow flexibility (such as deeper
areas near the outlets) at the detailed design stage. Once the SWM pond block sizes are
confirmed, deep outlet pools can be configured into the detailed design plans to ensure
additional thermal treatment by draw off of deeper pond water through effective mixing of
shallower pond water with the deep cells via the mixing action of the reversed slope pond
outlet pipe. As for the 4:1to 5:1 length to width ratios, these ratios can be provided by internal
berming (i.e. a serpentine design, as shown in figure 4.19 of the SWMPDM) which allows for
SWM block shapes that facilitate a favourable subdivision plan (so long as sufficient volume
remains in the ponds after displacement by the internal berms. The shallower depths of the
pond at the EIR/FSS stage allow for deepening of the ponds in select areas to account for loss
of permanent pool by these berms.)
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We note the MNR SWM guidelines provided. As the project requires an MNR permit, we will
address MNR concerns on the SWM strategy and its effect on Red Side Dace habitat directly
with them. MMM is fully supportive of LID measures to promote their respective environmental
benefits. However, the Town of Oakville requires an independently effective SWM strategy to
avoid the risk of private SWM measures that are not wholly or partially functional. An example
of this was seen in the negotiation of diversion of rooftop runoff from buildings adjacent to
reach 14W-12A where the Town would not permit a reduction in SWM pond effective storage
and quality treatment capacity despite the full diversion of the catchment areas of these
rooftops to the affected reach.

H — Staff look forward to seeing maximized channel gradients for the proposed realigned
watercourses.

MMM: No further comment.

5. Section 2.2 Permitted Uses in the Natural Heritage System — Staff encourage the use of the
bioswales to achieve water balance on the site. Due to the fact that they will require periodic
maintenance, it is recommended they be located outside of the Natural Heritage system including
Redside Dace habitat.

MMM: As noted above, we will be replacing bio-swales with equivalent infiltration trenches
located on the private lots outside of, but adjacent to the Natural Heritage system. Siting these
mitigation measures alongside the Natural Heritage system remains the most feasible and
effective method to mitigate against site-wide infiltration losses because:

e The on-site soils are comprised completely of low conductivity Clay-Silt Halton Till;

e In situ hydraulic conductivity of the Halton Till measured at depth (on-site), in the
unweathered zone, results in hydraulic conductivities on the range of 10° to 10™"° m/sec
(very low values). These values are in agreement with other published studies for this
Till;

e The upper depths of the Till are weathered and fractured. This results in enhanced
“secondary” permeability of the upper zone, with this enhanced permeability being
found through the fractures and promoting lateral shallow flows towards the
watercourses;

e Through the central, developable parts of the site, site grading activities will eliminate
this upper secondary permeability because:

o in areas of Cut grading will remove the upper fractured zone, exposing
unweathered Till at surface (10® to 10™ m/sec hydraulic conductivities); and,

o In areas of Fill, the fractured zones will be buried, and covered by Clay-Silt rich
soils that will be further compacted to engineered fill specifications with resultant
low hydraulic conductivity;

e The Natural Heritage areas will remain largely untouched by construction activities and
construction traffic, thereby preserving the secondary permeability zone in the upper
soils, and thereby providing pathways for water to infiltrate more readily into the ground
that will no longer exist in the central areas of the site. Additionally, water infiltrating
into the ground along the edges of the Natural Heritage system will be directed towards
the watercourses, whereas, water infiltrating into the ground across the central portions
of the site may be intercepted by site servicing trenches and redirected elsewhere.
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8. Section 4.4, (Hydrogeology and Geology), Impacts of the Proposed Development — This comment
was provided by our Water Resources Engineer further to comments she provided on the original
EIR/FSS. The December 2012 (2™ Submission) EIR/FSS discusses the effects of the proposed
development on the overall water balance and specifically changes on infiltration to the groundwater
system. It also discusses potential impacts of dewatering. While the last sentence in the introduction
on Page 4-24 states that the subsequent sections will discuss the potential impacts related to the
proposed stream realignments, no further discussion was provided in this portion of the December
2012 report. The July 4, 2013 MMM response table states that the “text associated with the
realignments and associated mitigation measures will be addressed in future submissions to the extent
required”. Andrew Kulin is welcomed to contact Janette Brenner directly should he wish to clarify this
comment further.

MMM: Jeannette Brenner will be contacted.

12. Section 4.4.4.2, Post-Development Water Balance — From an engineering perspective, CH staff
have no objections in principle to the Conceptual Flat-Bottomed Infiltration Swales presented in Figures
4.9a and 4.9b. The feasibility of utilizing 2:1 slopes instead of standard 3:1 slopes will be dependent
on swale height and volume/velocity of water being directed into the swale, and will need to be
confirmed in the EIR/FSS. The final concept will also be dependent on the conceptual grading plan(s)
required as part of the EIR/FSS that will demonstrate that the swales will be located outside of
Conservation Halton’s regulated area.

MMM: The flat-bottomed infiltration swales (bio-swales) will be replaced with equivalent
infiltration trenches located along the lot property lines adjacent to the natural features. This
will eliminate the conflict with placing these mitigative measures within the green areas.

12. (Aquatic comments) - Monitoring of bioswales in the City of Mississauga is showing favourable
performance of this type of infrastructure in the following functions:

-capturing the first 20mm of runoff events
-improvements to water quality of stormwater
-aesthetically pleasing
-lower maintenance frequency and cost as compared to conventional stormwater infrastructure

As such, it is suggested that this approach be pursued for this land development scenario as a way of
keeping runoff out of the conventional SWM facilities, thereby reducing the volume of runoff for which
warm temperatures need to be mitigated. The use of bioswales is encouraged as a way to help
maintain the existing hydrologic regime under which Redside Dace currently exist. Our original
statement was not meant to suggest that the mediation item requires efforts to maximize water balance
but rather that our inquiries into means of mitigating thermal impacts indicate that efforts to maximize
the water balance (with respect to infiltration/evapotranspiration) as much as possible are going to be
necessary in order to meet the mediation item’s thermal SWM effluent target. As such, we appreciate
MMM'’s efforts to-date to propose the use of infiltration swales.

MMM: MMM will consider the findings from the bio-swale study at EIm Drive West in
Mississauga and if applicable, apply the results in our calculations and water balance reporting.
However, while we note that additional monitoring information has been posted on Credit
Valley Conservation’s web-site, it omits important information and we would require more
detailed information to complete our review. We trust that Conservation Halton could provide
assistance in obtaining this information from CVC .
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24. Staff continue to have an interest in visiting the on-line wetlands in Carlton Creek in 2014. Itis
suggested that this site visit be arranged to take place in April or May.

MMM: We can coordinate a site visit with CH (Cathedraltown, Markham).

41. Section 6.3.6, Hydrologic Feature ‘A’ — Staff appreciate the effort taken by the consultant team to
update the NOCSS HEC-RAS model. We had made our previous comment because we were
concerned that MMM'’s previous response only indicated that they had obtained the NOCSS HEC-RAS
model from CH and did not state that it was going to be updated and we wanted to make sure that was
the intent. We look forward to receiving the updated models/information.

MMM: No further comment.

43. Section 6.3, Corridor Delineation — No concerns with MMM response.

MMM: No further comment.

49. Information regarding the diversion channel 14W-23 alignment and plan form remains outstanding.
MMM: To be provided in next submission.

53. CH comments to be addressed in upcoming EIR/FSS submission.

MMM: No further comment.

59. Section 7.6, Stormwater Management Facilities — No concerns with MMM response.

MMM: No further comment.

X. Section 7.6.3, Water Quality Control - CH comments to be addressed in upcoming EIR/FSS
submission.

MMM: No further comment.

Y. Section 8, Municipal Servicing — CH staff are satisfied that this item has been addressed subject to
the clarifications outlined in our email dated November 13, 2013. Staff are currently reviewing the
recently submitted final ASP document.

MMM: No further comment.

65. Appendix 8.3, Figure A — Staff look forward to receiving the updated figure in the pending EIR/FSS
resubmission.

MMM: No further comment.
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Sonia Rankin

From: Paul Bond <pbond@hrca.on.ca>

Sent: Wednesday, June 11, 2014 10:26 AM

To: Randall Roth

Cc: Janette Brenner; Jacek Strakowski; Lesley Matich; Samantha Mason; Rita Juliao;

RThun@oakville.ca; Andrew Kulin; Steve VanHaren; Mark Cece; Chris Tyrrell; Reel, Mike
(MReel@Bentallkennedy.com); Brenda Axon
Subject: RE: Bentall - North Oakville

Hi Randall,

Our apologies for the time which has lapsed here. CH staff have completed our review your response submission and
note that we are satisfied with all of the responses to our previous comments. Further to our March 21, 2013 CH Letter
Comment #8, Andrew Kulin has contacted Janette Brenner and will provide additional discussion in the final EIR/FSS
document with respect to the potential hydrogeological impacts associated with the proposed stream realignments.

We look forward to receipt of the EIR/FSS follow up submission and moving the applications forward to completion.
Kind regards,

Paul Bond

Environmental Planner
Conservation Halton

t: 905-336-1158 ext. 2257 | f: 905-336-6684
2596 Britannia Road West

Burlington ON L7P 0G3

e-mail: pbond@hrca.on.ca
www.conservationhalton.ca

From: Randall Roth [mailto:RothR@mmm.ca]

Sent: February 27, 2014 1:09 PM

To: Paul Bond

Cc: Janette Brenner; Jacek Strakowski; Lesley Matich; Samantha Mason; Rita Juliao; RThun@oakville.ca; Andrew Kulin;
Steve VanHaren; Mark Cece; Chris Tyrrell; Reel, Mike (MReel@Bentallkennedy.com)

Subject: RE: Bentall - North Oakville

Hi Paul,

We appreciate your comments below on our Dec. 5, 2013 response.
We wish to offer the additional attached responses to the outstanding issues you have raised.

Regards,

Randall Roth, MCIP, RPP

Senior Planner/Project Manager, Associate
Planning & Environmental Design

MMM Group Limited

From: Paul Bond [mailto:pbond@hrca.on.ca]
Sent: February-13-14 11:48 AM
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MMM Group Limited
Planning & Environmental Design
100 Commerce Valley Drive West,

Thornhill, Ontario, L3T 0A1

t: 905.882.1100 | f: 905.882.0055
WWW.Imimim.ca

July 4, 2014

File No. 14.09222.001

Mark Heaton

Area Biologist, Halton/Peel/Toronto

Ontario Ministry of Natural Resources, Aurora District
50 Bloomington Road West

Aurora, ON L4G 0LS8

Dear Mr. Heaton,

Subject: Lazy Pat Farm Property, Town of Oakville
February 26, 2014 Meeting Minutes

Further to your June 18, 2014 e-mail we have finalized the February 26, 2014 meeting minutes that
included the incorporation of many of your comments/revisions as well as provided further
comment/revisions; these are attached for your files. We also provide the following information that
supplements these minutes as well as requests for additional information that was identified in the
meeting to be provided to MMM Group by the MNR.

1. Provincially Significant Wetlands

The Meeting Minutes reference the presence of Provincially Significant Wetlands (PSW) to the
north of Highway 407 that were identified as being hydraulically connected to watercourses in the
subject property and therefore contributing to Redside Dace habitat. We would request that this
information/mapping be forwarded for our project files.

We would also ask that the MNR provide the confirmation that there are no PSWs present within
the subject property limits as was indicated in previous correspondence with Halton Conservation.
This confirmation was to be undertaken by MNR staff following the February 26, 2014 meeting.
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2. Reference to Draft Guidance for Development Activities in Redside Dace
Protected Habitat, MNR, 2011

As indicated in the March 10, 2014 e-mail conveying the Draft Meeting minutes, given that the MNR
placed great emphasis on the interpretation of the Best Management Practices (BMP) identified in
the Guidelines (Draft Guidance for Development Activities in Redside Dace Protected Habitat,
MNR, 2011) additional reference to the actual document was necessary to provide context. As a
result, it was felt that the inclusion of the actual Guideline BMPs being referenced in the meeting
should be included in the body of the Meeting Minute text (differentiated from meeting summary by
italics, bold and/or underlined) for context. This is especially important given that MNR has
indicated that these meeting minutes will provide the official record of MNRs position on the project
at the EIR/FSS phase and formal comments will not be issued. Yet upon receipt of the Draft
Meeting Minutes it was noted that these references to Guideline text had been stricken out by MNR.

Section 4.2 of the Guidelines states that the “BMPs is not intended to be an exhaustive list, but
rather to cover the major construction activities that most commonly have an impact on Redside
Dace and their habitat...The BMPs listed for each activity are intended to act as suggested
methods or techniques that can be implemented to protect habitat conditions for Redside Dace” and
“This document is intended to provide quidance to proponents interested in developing lands in and
adjacent to protected habitats of Redside Dace.” The Guidelines (p.26) also indicate that the BMPs
for Development Activities (including stream crossings and storm water management) are
‘intended to act as suggested methods or techniques that can be implemented to protect
habitat conditions for Redside Dace”. The explicit explanation of the purpose of the Guidelines and
its application as a source for suggested techniques and guidance to minimize potential adverse
effects appears to be in contrast to the “absolute” nature of the comments made by MNR at the
meeting when referencing this same document.

Although it is acknowledged that this additional material (i.e. specific quotes to the Guidelines) were
not explicitly discussed in the meeting, they were referenced and are relevant to the stated MNR
position on water balance and storm water management that were again discussed in somewhat
absolute terms. In order to move forward with the finalization of the Meeting Minutes we have
removed reference to the Guidelines in the Meeting Minutes (attached) and have instead included
them in this correspondence as an accompanying document.

2.1 Stream Crossings

Meeting Minute Text

MNR indicated they do not support the road network and its impacts to significant habitat of
endangered species, given the multiple crossings that are proposed over Regulated Habitat (14W-
16 and 14W-11). MNR guidelines recommend an average of one stream crossing per kilometre. It
was further discussed that although the MNR may have reviewed the Secondary Plan, their review
was limited to the Natural Heritage System and not the identification of the road network within the
secondary plan. As a result, the MNR feels that the impacts on significant habitat were not
sufficiently considered.
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Deleted Guidelines Reference

Executive Summary of the Guideline (p.1) states: “2) Stream Crossings — development activities
should attempt to minimize the number of stream crossings, and where required, minimize
widths, target straight sections of the stream and areas that have been previously disturbed,
minimize activity/footprint within regulated habitat, including spanning the meanderbelt, adherence
to timing windows, incorporation of effective erosion and sediment control measures, and design in
a manner that promotes fish passage;”

The Guideline further states (p.26-27): “For all direct Redside Dace habitat, crossings should be
designed to avoid/mitigate impacts by adhering to the following: The proposed road networks for
new crossings should be designed to minimize the number of stream crossings (e.g., stream
crossings should generally be limited to 1 per kilometre of stream).”

The intent of these statements are clear, they are to minimize crossings and not specifically
intended to match a crossing/km ratio. The secondary plan including road network layout and the
number of crossings were carefully developed in consideration of NOCSS (including Redside
Dace), the predicted transportation needs and in consultation with the Town thereby appearing to
meet the intent of the BMP. BMPs are approaches based on known science that, if followed,
should meet the required standard or achieve the desired objective. The apparent intent of this
BMP is to minimize the number of crossings, rather than specifically match a certain number of
crossings per kilometer ratio. This should not be considered a “hard” number but a general
reference point or target to work towards however, as each project is unique requiring the balancing
of multiple factors and as a result there is typically an imbedded flexibility in BMPs. We would
propose that the intent of this BMP is to ensure that there is careful consideration of the location
and number of crossings rather than achieve a perceived target.

Further discussion with the Town and MNR will be required with respect to the road network and
stream crossings.

2.2 Stormwater Management - Runoff

Meeting Minute Text

M. Heaton indicated that the Draft Guidance for Development in RSD Protected Habitat
recommends that 10mm of precipitation should be contained in the tributary subcatchments to
avoid excess erosion in receiving watercourses.

Deleted Guideline Reference

The Guideline (p.34) states: “Post development water balance (i.e., the hydrological cycle of the
water including the flow and levels of surface and ground water) should match predevelopment
water balance in order to protect the natural hydrological functions of Redside Dace streams.
Therefore, there should be no storm run-off from rainfall events in the range of 5 — 15mm
(however, this may depend on the recommendations set forth in the subwatershed plan and
on soil permeability)”.
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The NOCSS recognized that the soil conditions in North Oakville will make it difficult to minimize
changes to infiltration following development and as a result stated as a guiding principal that “best
efforts” and “best management practices” must be used to "minimize the reduction in infiltration”.
Given this recognition, it seems unreasonable to expect that no storm run-off from rainfall events in
the range of 5 — 15mm in a post-development scenario could be achieved when this is not seen to
occur in the pre-development scenario due to the soils conditions, based on pond level monitoring.

3. Outstanding SAR Information
Barn Swallow

MNR has indicated that the removal of the existing barn (if nests present) would qualify for the new
registry process and requires replacement habitat structures which could occur in the natural
corridors. MNR further indicated that foraging habitat is likely sufficient in the post-development
scenario within the natural corridors, and a permit likely not required. MMM Group requested a
correspondence to this effect for the project files.

This confirmation from MNR is outstanding and we request this information or an indication of when
it can be expected.

Bobolink

Although recent bobolink specific surveys did not result in the observation of bobolink, previous
observations were considered by the MNR to constitute habitat at that time and as such must be
addressed through ESA review/permitting. During the meeting the MNR indicated that it would
undertake a process to review historic aerial imagery to assist in determining the bobolink habitat
extent.

The MNR has yet to provide this assessment or identify the required review/permitting mechanisms
associated with the areas of effect and we request this information or an indication of when it can
be expected.
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We appreciate your contributions to the finalization of these meeting minutes and look forward to
continuing to move this project forward through its review under the Endangered Species Act.
Please call should you have any questions or require clarification on any matters discussed.

Yours truly,

MMM GROUP LIMITED

Mark Cece, B.Sc.
Manager, Ecology Department
Associate Partner

CC: Mike Reel, Bentall Kennedy (Canada) LP
Chris Tyrrell, MMM Group Limited
Rob Thun, Town of Oakville
Paul Bond, Conservation Halton
Samantha Jefferis, MNR Aurora District
Jane Devlin, MNR Aurora District

M:\Jobs\2009\14.09222.001.P01 - 407 West Employment Area\Ecology\Agency Correspondance\MNR\Feb 26 2014 Mtg\FINAL Meeting Minutes\Feb 26 2014 Meeting Minute Cover
Letter - July 4 2014.doc
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WITHOUT PREJUDICE
Date: July 4, 2014 Project: Lazy Pat Farms (EIR/FSS):
. Bentall Kennedy
:  February 26, 2014 .
Eate t‘_’f meeting ieietAniind Project Number:  14.09222.001
ocation: ices -
Bloomington Rd, Aurora Author: Mark Cece, MMM
Purpose: MNR Meeting to Discuss Endangered Species Act
Attendees: E-Mail
Mark Heaton, MNR Mark.Heaton@ontario.ca
Jane, Devlin, MNR Jane.Devlin@ontario.ca
Samantha Jefferis, MNR Samantha.Jefferis@ontario.ca
Emily Funnell, MNR Emily.Funnell@ontario.ca
Mike Reel, Bentall Kennedy MReel@Bentallkennedy.com
Mark Cece, MMM CeceM@mmm.ca
Steve VanHaren, MMM VanHarenS@mmm.ca
Andrew Kulin, MMM KulinA@mmm.ca
Randall Roth, MMM RothR@mmm.ca
DISTRIBUTION: All Attendees and the following:
Chris Tyrrell, MMM TyrrellC@mmm.ca
Item Details Action By
1. MMM Group to provide background of aquatic habitat on-site

M. Cece provided a brief description of the fieldwork that was undertaken since
2009, with respect to the aquatic habitat of the watercourses and constructed pond
on site.

MMM Group to provide updates to the development plan from the December
2012 (2nd) Submission of the EIR/FSS

M. Cece highlighted the updates to the development plan since the EIR/FSS 2™
Submission (December 2012), which have included:

* Proposed “dual channel” concept within 14W-16, to address Conservation
Halton concerns to accommodate additional drainage length which was
based on discussions with John Parish, and generally accepted as a viable
option by Conservation Halton and the Town.

¢ Removal of stormwater management ponds (SWMP) from the meander belt
plus 30 m setback area.

MNR to provide Redside Dace (RSD) Habitat Classification

Any omissions or errors in these notes should be forwarded to the author immediately.
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J. Devlin summarized the RSD habitat classification, which included:
e Occupied Habitat — 14W-12 and 14W-16
¢ Contributing Habitat — 14W-14, 14W-11A, 14W-13, 14W-14A, 14W-12A

It is MNR’s requirement to maintain water quality of the Occupied reaches in
accordance with the RSD Guidelines. The function of Contributing reaches must be
maintained in accordance with the Endangered Species Act 2007 (ESA 2007) and
Ontario Regulation 242/08.

14W-13

While 14W-13 was not previously identified by MNR (J. Pisapio), J. Devlin indicated
that while it is altered , it has defined sections and drains a number of Provincially
Significant Wetlands (PSWs)north of Highway 407, and due to the classification of
RSD habitat in the ESA, it is considered as Contributing Habitat.

14W-14A (Constructed Pond)

J. Devlin noted that the monitoring suggested a small amount of groundwater inputs
to the north end of the pond.

M. Cece indicated that while monitoring has suggested that the pond is receiving a
very small supply of groundwater at the northern end from a recently installed
shallow monitor, these inputs to the pond are not a significant source of groundwater
and the pond is losing significantly larger volumes of water into the ground.
Furthermore, the pond functions as a sediment sink.

M. Heaton indicated that while some disciplines may interpret as insignificant, the
value of small amounts of groundwater can be significant to maintaining Redside
Dace habitat in this area.

M. Heaton indicated that the pond was not off-limits to use as a SWMP, but need to
demonstrate an overall net benefit to RSD. He stated that although the base flow at
the northern end may be very small, it is a function that requires replication.

14W-12A

J. Devlin suggested that the minor amount of groundwater may be contributing to
the base flow and thermal regime of this reach (cold water temperatures recorded
from May to June).

M. Cece and A. Kulin indicated that this is an intermittent reach and that the
contributions are insufficient to maintain base flow and the thermal regime.

J. Devlin indicated that MNR deems the seasonal contributions as supporting RSD
habitat.

Stream Road Crossings

MNR expressed concern with respect to the number of stream crossings affecting
RSD habitat.

R. Roth provided an overview of the road alignments in relation to the approved
North Oakville West Secondary Plan (OPA 289, 2009) that were based on the
NOCSS (2006). R. Roth further noted that the road alignments have been shifted to

Any omissions or errors in these notes should be forwarded to the author immediately.
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minimize the extent of crossings specifically in Redside Dace habitat as identified in
the NOCSS, while maintaining the general road pattern identified in the Secondary
Plan and supported by the Town’s transportation analysis.

MNR indicated they do not support the road network and its impacts to significant
habitat of endangered species, given the multiple crossings that are proposed over
Regulated Habitat (14W-16 and 14W-11). MNR guidelines recommend an average
of one stream crossing per kilometer. It was further discussed that although the
MNR may have reviewed the Secondary Plan, their review was limited to the Natural
Heritage System and not the identification of the road network within the secondary
plan. As a result, the MNR feels that the impacts on significant habitat were not
sufficiently considered.

M.Heaton suggested a meeting with the Town to discuss matters related to
the road network. ALL/TOWN

4. MMM Group to outline storm water quality/quantity discharge to RSD
Occupied Habitat

MNR expressed support for the use of infiltration trenches, wetland features near
the top of the proposed SWMP and bottom draw SWMP’s. MMM indicated that the
infiltration trench/wetland feature at the north end of the SWMP is no longer viable
as the Town does not support a pumping solution to maintain flows to Reach 14W-
12A, as a result, the concept plan has been modified to utilize roof discharges to
augment flows to 14W-12A.

MNR also indicated that any infrastructure associated with SWM, including SWM
pond and associated berms, should be located outside of habitat regulated for RSD.
A permit under ESA 2007 would be required for damage or destruction of regulated
habitat. MMM indicated that the plan has been revised to remove SWMPs from the
Regulated Habitat.

S. VanHaren provided a summary of the SWMP designs relative to RSD habitat:

The stormwater management strategy meets all current guidelines for stormwater
management facilities in the 2003 Ministry of Environment Stormwater Planning and
Design Manual (SWMPDM), and incorporates most of the preferred categories for
wet ponds. All SWM facilities have been relocated outside the limits of the RSD
Protected Habitat, including the relevant buffers. The preliminary designs for all the
facilities incorporate specific measures to accommodate discharge to RSD habitat
including bottom draw outlets (for thermal mitigation), rock lined cooling trenches,
longer length to width ratios (inside the pond via finger berms to be provided at the
detailed design stage) and centralized facilities that provide enhanced treatment
through prolonged hydraulic residence times. All facilities are designed to treat
runoff to an “Enhanced” level, as defined by the MOE to provide clear surface water
important to maintaining habitat for sight feeding fish species (bass, northern pike,
lake trout, brook trout).

M. Heaton indicated that the Draft Guidance for Development in RSD Protected
Habitat recommends that 10mm of precipitation should be contained in the tributary
subcatchments to avoid excess erosion in receiving watercourses.

S. Van Haren discussed the specific erosion threshold analyses that are being
implemented under policies presented in the NOCSS as part of the Terms of
Reference for the EIR/FSS. The intent of the exercise is to match existing erosion
indices (a measure of excess stream power under simulated annual precipitation
patterns that result in erosion potential) under developed conditions within

Any omissions or errors in these notes should be forwarded to the author immediately.
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subwatershed recommended tolerances.

In terms of water quality, the draft guidance document provides a water quality
target of 25 mg/l Total Suspended Solids (TSS) over background levels in the
receiving streams, which is a challenge to design for, and relies on extrapolation
from similar studies (such as the TRCA SWAMP program) based on monitoring.
Definitive proof of this level of performance will only be possible through post-
construction monitoring, for which recommendations are being presented in the
revised EIR/FSS.

M. Heaton indicated a trend to provide deeper SWMP depths of 3.0m, of which the
MOE is supportive, with a bottom draw of 0.3m off the bottom. A maximum
discharge temperature target of 24 degrees Celsius is required (which typically
occurs at pond depths of 1.5m and below). S. VanHaren indicated that this depth
was the maximum recommended depth in the SWMPDM and typically the maximum
is not recommended during this stage of a project as it does not provide flexibility
during detail design and/or construction if changes are required that exceed the
designed depth or necessitate a larger SWMP block.

MNR suggested that mitigation techniques should include floodplain wetlands when
redesigning the relocated contributing habitat channels, roof top runoff to
wetlands/bioswales, and other LID SWM techniques as recommended in the Draft
Guidance for Development Activities.

5. MMM Group to outline water balance and description of recommended Low
Impact Development (LID) measures

MNR indicated they would like to see water balance closer to zero as opposed to
29%, and would like to see opportunities through the use of LID’s. MNR concerned
with projected +300% increase in surface water entering Redside Dace occupied
reach.

A. Kulin provided an overview of the challenges with respect to maintaining the
water balance and improving infiltration. He gave a brief summary of the existing
site condition, which is a site covered with clay-rich Halton Till, overlying shale
bedrock. Infiltration in the present condition ranges between 65 to 70 mm/year
which is low, and most of this water flows laterally in the shallow weathered and
fractured zone towards the watercourses, and results in seasonal base flow to the
streams. The hydraulic conductivity of the undisturbed/unweathered Till at depth is
on the order of 3 cm/year (approximately the width of two fingers, and a very poor
soil in which to attempt infiltration measures), whereas in the surficial soils,
fracturing results in secondary hydraulic conductivity estimated on the order of 30 to
300 m/year (roughly the same length as the average width to the total length of the
central farm pond), with such flows constrained within the fractures themselves. By
comparison, hydraulic conductivities of sandy soils, which would be ideal for
infiltration based measures, are on the order of 300 to 30 km/year (for context,
Hamilton is located about 20 km from the site).

The approximately 2 km of proposed infiltration trenches back onto the natural
heritage areas, which are proposed to be left untouched leaving the fracturing intact,
and thereby resulting in the best opportunity to put water back into the ground.
Siting the infiltration devices along the edges of the lots alongside the watercourse
features will also help to ensure that all this water gets directed towards the features
where it will do the most good, rather than possibly be intercepted by underground
servicing trenches and redirected elsewhere.

And while some lot level LIDs may be incorporated at the detailed site design level, it
Any omissions or errors in these notes should be forwarded to the author immediately.
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was pointed out that the exposed soils in the interior of the developed lands will
either be comprised of unweathered Halton Till (on order of 3 cm/year hydraulic
conductivity) or engineered fill comprised of reworked Till, and which would have a
similar hydraulic conductivity. Thus, the implication being that such soils will not
pass water very quickly at all into the ground, and that incorporation of certain
infiltration based LID measures will lead to failures (see below). The on-site soils in
their natural state are not capable to meet the MNR’s suggested 5 to 15 mm rainfall
retention and in the post-development situation, given the above reasoning, even
less so.

M. Cece indicated that the LID measures to address post-development water

balance, specifically the infiltration trenches, was identified as a suitable best

management practice at this level of study in the planning process. This was not the

case for other options as other items would be developed at later stages of the

project (i.e. detail design). As a result the EIR/FSS could recommend various LID

strategies for consideration during detail design. R. Roth indicated that there was no ALL/TOWN
practical mechanism to commit to additional lot level LIDs at this stage at this stage

in the planning process, but would be a further consideration during Site Plan

approval and detail design.

The MNR indicated that they would like to meet with the Town to discuss the
commitment to LIDs at this stage in the planning process.

M. Cece indicated that the NOCSS had recognized that the soil conditions in North
Oakville limit the ability for the water balance be a net zero in a post-development
scenario. A. Kulin indicated that site investigations have not identified any areas MNR
with soil conditions that provide any enhanced opportunities for mitigation and
effective implementation of many LIDs. MNR recognized the difficulties in matching
pre-post infiltration given the tight soils, and suggested some documents for
consideration (TRCA LID Guidelines, CVC field studies (storage under parking
areas), and the TRCA STEP program (Glen McMillan). MMM would appreciate
the assistance from MNR in identifying and help (if needed) in obtaining
copies of the relevant papers that they have reviewed that document
successful application of infiltration based LID measures under similar
settings. Should the aforementioned papers provide enough technical details to
evaluate and compare the site conditions and sizing of the LID measures to the
current site, MMM will examine this information to determine whether it is applicable
to the soil conditions at the site and incorporate this into the water balance
calculations.

MNR recommended infiltration techniques should accommodate a 5-15mm event,
and efforts to achieve this target through LID and lot-level controls should be
considered. S. Van Haren discussed our current investigations into LID measures.
The tight clay soils on the site at the depths of infiltration based LID measures will
create stagnant underground pools of water which will lead to odour and settlement
issues in the developed areas. The site soils possess native hydraulic conductivities
that will not allow for functional LID based infiltration measures. Therefore, attempts
to mitigate post-development infiltration losses with LID measures will shift excess
runoff volumes toward evapotranspiration. Mitigation of the loss of infiltration with
infiltration based LID measures is not feasible given the site characteristics.

6. MMM Group to outline watercourse corridor widths

M. Cece indicated that the development plan included meanderbelt plus 30m
setbacks applied to Reaches 14W-12 and 14W-16 as they are considered RSD
Occupied Habitat.

Any omissions or errors in these notes should be forwarded to the author immediately.
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Reach 14W-14 is designated Contributing Habitat. A wider corridor than required in
the NOCSS document was proposed for realignment and redesign of this reach in
the 2nd EIR/FSS submission as the development plan was in a perceived drainage
density deficit based on Conservation Halton interpretation and the increased width
and channel enhancements were proposed to address the deficit. This approach
was not considered acceptable to Conservation Halton. Once the drainage density
deficit was addressed with the a 'dual channel' approach (put forth by Parish
Geomorphic at a meeting on November 14, 2013)” approach, the corridor width was
revised to reflect the NOCSS corridor widths of meanderbelt plus 15m to replicate
the channel RSD Contributing Habitat functions from the realigned Reach 14W-14.

M. Heaton indicated that the conversion of the realigned Reach 14W-14 (Reach
14W-22) that is currently functioning as RSD Contributing Habitat to Occupied
Habitat through design (refuge habitat, meander belt + 30 m corridor, sediment
transfer) has the potential to result in an overall benefit to address other impacts to
RSD habitat (i.e. road crossings). M. Cece indicated that the proposed
enhancements to RSD habitat identified by the project team included removal of
existing crossings with the restoration of channel in their place as well as improve
the habitat at the Dundas Street culvert inlet that currently consists of a channel with
concrete banks.

S. VanHaren provided an overview and illustration of the dual channel option for
discussion.

M. Heaton indicated that MNR is not supportive of the current dual channel option

proposed for realigning 14W-16where the realigned channel infringes on the

meanderbelt +30m setback requirement. Furthermore, realignments to Occupied

Habitat are not supported, in order to minimize the impact and maximize avoidance. MMM
MMM to review revisions to the dual channel option.

There was some discussion as to the status of the wetland in Reach 14W-16. M.
Cece indicated that correspondence from Conservation Halton was received that
indicated that following MNR consultation, this feature was not considered a PSW.
J. Devlin to review the wetland evaluation and confirm the status of this

J. Devli
wetland. S. VanHaren noted some further discrepancies in the watercourse evin
mapping.

7. Species at Risk Discussion
S. Jefferis provided an overview of requirements with respect to additional species
at risk.
Barn Swallow:
Removal of habitat (existing barn) under new registry requires replacement habitat
structures which could occur in the natural corridors.
S. Jefferis indicated that foraging habitat is likely sufficient in the post-development
scenario within the natural corridors, and a permit likely not required.
M. Cece requested a letter of advice from MNR to confirm that foraging habitat S. Jefferis

replacement would not be required. S. Jefferis to advise.

M. Cece noted that surveys were not conducted in the barn, but would be required
for the registry. Anticipate that this survey could occur this season.

Any omissions or errors in these notes should be forwarded to the author immediately.
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Eastern Meadowlark:
It was discussed that Eastern Meadowlark has not been identified on site.
Bobolink:

Bobolink sightings were reported in 2004/2005. M. Cece indicated that based on the
approved MNR transect survey methodology, no bobolink were identified on the site
in 2013. MNR indicated that past records (pre-dating the transect methodology)
would need to be considered. If bobolink were observed within the past 5-10 years,
then development would result in their permanent removal.

M. Reel expressed concern as to how the species is quantified as the population
moves around the broader landscape, as influenced by the types of crops, and the
abundance of farming in the area. M. Heaton explained the rationale and approach
for identifying the extent of habitat.

MNR to undertake a process to review aerial imagery to assist in determining  S. Jefferis
bobolink habitat extent. MNR to identify required review/permitting mechanisms

associated with the areas of effect, however, MNR indicated that a 1:1 ratio of

replacement (i.e. privately held lands enhanced to provide suitable bobolink habitat,

agreements with Conservation Authorities habitat creation, etc.) could be used to

potentially address habitat impacts, if required.

Bats:

Little Brown Myotis and Northern Myotis were flagged, but have not been identified
on-site. MNR provided accepted protocols for survey to M. Cece. M. Cece
indicated that the site would be screened for potential habitat prior to instituting other
survey methods as there may be limited (if any) potential present.

Other:
No other bird species at risk were identified.

8. Next Steps

No further formal comments are anticipated from MNR, prior to EIR/FSS 3™
submission which is anticipated shortly.

Minutes of meeting to be circulated for review and comment, and are intended to
express MNR’s comments on the EIR/FSS 2™ Submission and development plan at
this time.

M:\Jobs\2009\14.09222.001.P01 - 407 West Employment Area\Ecology\Agency Correspondance\MNR\Feb 26 2014 Mtg\FINAL Meeting Minutes\MNR Meeting Report - Feb 26 2014 FINAL -
July 4 2014.doc
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Lorraine Adderley

From: Mark Cece

Sent: November-10-14 4:04 PM

To: Lorraine Adderley

Subject: FW: Bentall Kennedy (Lazy Pat) - North Oakville Meeting - Draft Meeting Minutes
Attachments: Lazy Pat wetlands 2006.jpg; Lazy Pat PSWs current.jpg

No PSW email from MNR with attachments.

From: Heaton, Mark (MNR) [mailto:mark.heaton@ontario.ca]

Sent: Wednesday, July 23, 2014 2:45 PM

To: Randall Roth

Cc: Funnell, Emily (MNR); Devlin, Jane (MNR); Jefferis, Samantha (MNR); 'Thun, Robert'; pbond@hrca.on.ca; Mark Cece
Subject: RE: Bentall Kennedy (Lazy Pat) - North Oakville Meeting - Draft Meeting Minutes

Hello Randall,

We have checked the wetland mapping for North Oakville. Two images attached:
e Lazy Pat wetlands 2006 — depicts the wetlands that were identified and evaluated including sub-units 2, 3, 4 and
5
e Lazy Pat PSWs current — depicts the wetlands that are part of the approved PSW

Previous units 2, 3, 4 and 5 are not included in the PSW. However, the identified wetlands are considered part of the
regulated habitat for Redside Dace as per Ontario Regulation 242/08 29.1 1 (v)

Regards,

Mark Heaton
Fish and Wildlife Biologist
OMNREF Aurora District

From: Randall Roth [mailto:RothR@mmm.ca]

Sent: July 4, 2014 8:14 AM

To: Heaton, Mark (MNR)

Cc: Chris Tyrrell; Steve VanHaren; Reel, Mike; Andrew Kulin; Asif Quader; Funnell, Emily (MNR); Devlin, Jane (MNR);
Jefferis, Samantha (MNR); 'Thun, Robert'; pbond@hrca.on.ca; Mark Cece

Subject: RE: Bentall Kennedy (Lazy Pat) - North Oakville Meeting - Draft Meeting Minutes

Hi Mark,

Thanks for your comments, please find attached the finalized meeting minutes for your files.
As discussed at the meeting, and highlighted in the covering letter, we are still awaiting receipt of the outstanding SAR
information to be provided by MNR. Please advise when we can expect to receive this information.



Thanks,

Randall Roth, MCIP, RPP
Senior Planner/Project Manager, Associate Planning & Environmental Design MMM Group Limited

From: Heaton, Mark (MNR) [mailto:mark.heaton@ontario.ca]

Sent: June-18-14 8:17 AM

To: Mark Cece

Cc: Chris Tyrrell; Randall Roth; Steve VanHaren; Reel, Mike; Andrew Kulin; Asif Quader; Funnell, Emily (MNR); Devlin,
Jane (MNR); Jefferis, Samantha (MNR)

Subject: RE: Bentall Kennedy (Lazy Pat) - North Oakville Meeting - Draft Meeting Minutes

Hello Mark,

The minutes need to be cleaned up a bit - last three pages are unnecessary. Where text has been stricken out - remove
it entirely.

MNR met with the Town of Oakville this past Monday and discussed the proposed road network for North Oakville
West. The Town will be organizing a meeting of interested parties to discuss road crossings for Endangered Species Act
regulated stream corridors. The meeting will also cover stream relocations and stormwater management.

MNR "agreement in principle" in the number of stream crossings, stream relocations and stormwater management is
required given that ESA approval will be required in the future.

Regards

Mark Heaton

Fish and Wildlife Biologist
OMNR Aurora District
(905) 713 7406 office
(416) 993 1295 mobile

From: Mark Cece [CeceM@mmm.ca]

Sent: Tuesday, April 29, 2014 9:59 AM

To: Heaton, Mark (MNR)

Cc: Chris Tyrrell; Randall Roth; Steve VanHaren; Reel, Mike; Andrew Kulin; Asif Quader; Funnell, Emily (MNR); Devlin,
Jane (MNR); Jefferis, Samantha (MNR)

Subject: Bentall Kennedy (Lazy Pat) - North Oakville Meeting - Draft Meeting Minutes

Mark



Please find attached the revised meeting minutes from our February 26, 2014 meeting related to the Lazy Pat Lands in
North Oakville. You will note that many of your comments have been incorporated into the minutes. We ask that you
please review this revised document that includes some additional revisions/comments made by our team in order that
we can finalize. Thank you and as always please advise if you have any question or would like to discuss any of this
information further.

Mark Cece, B.Sc.

Ecology Manager/Senior Fisheries Biologist Associate Partner Ecology Department MMM Group

100 Commerce Valley Drive West

Thornhill, ON Canada L3T 0A1

t: 905.882.1100 ext: 6861 | f: 905.882.0055 | c: 647.222.1073 cecem@mmm.ca<mailto:cecem@mmm.com> |
www.mmm.ca<http://www.mmm.ca> This communication is intended for the sole use of the person(s) to whom it is
addressed, and may contain information that is privileged, confidential or subject to copyright. Any unauthorized use,
disclosure or copying of this communication is strictly prohibited. If you have received this communication in error,
please contact the sender immediately. Any communication received in error should be deleted and all copies
destroyed.

Please consider the environment before printing this e-mail and/or its attachments.
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TECHNICAL MEMORANDUM NH#1 - REACH 14W-14A AQUATIC HABITAT
Job No.: 14.09222.001

Date: March 28, 2012

Author: Mark Cece, B.Sc. — Ecology Department Manager/Senior Fisheries Biologist

1 Introduction

As you are aware MMM Group has been retained by Bentall Kennedy (Canada) LP - Lazy Pat Farms
(hereinafter referred to as Lazy Pat lands) to undertake an assessment of the natural environmental
features in support of the proposed commercial land development. The results of field investigations
and monitoring were documented in the Environmental Impact Report/Functional Servicing Study
(March 2011) and submitted to the Town of Oakville (Town) and Conservation Halton (CH) for review.
The Town and CH provided comments in an August 5, 2011 e-mail and a subsequent September 6,
2011 correspondence. The majority of the comments are addressed in a response table that has been
prepared and submitted under a separate cover. Due to the nature of data collected and the
corresponding analysis, the response table format was not considered a suitable format to present
detailed information and as a result (this) Memorandum NH#1 — Reach 14W-14A Aquatic Habitat has
been prepared and referred to in the response table. This memorandum focuses principally upon
information requests associated with Reach 14W-14A also referred to as the “farm pond” and should
also be considered an addendum to the EIR/FSS submitted to CH and the Town.

This memorandum details the additional fieldwork undertaken to address undertaken between June
and October 2011 and the analysis of the data. Specifically the following information is addressed:

1.1 Fish Community Survey

CH has recommended that at least 2 or 3 gear types be used to sample fish species in the pond based
on the rationale that different fish species will utilize different habitats in the pond (i.e. shallow water vs.
deep water, shaded water versus open water and the availability of cover).

1.2 Fish Community Classification
CH has indicated that they consider the pond to have a self-sustaining coolwater fish population.

1.3 Supplemental Fish Habitat Documentation

CH has requested supplemental fish habitat surveys to identify habitat features supporting critical life
stages, bathymetric surveys and aquatic vegetation surveys.

1.4 Water Temperature Data

CH requested the installation three continuously recording temperature data loggers in the deepest
area of the pond at depths of 33%, 66% and near the bottom. In addition to temperature monitoring,
sampling for dissolved oxygen and water clarity measurements at these depths should be undertaken.
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1.5 Thermal Impacts of Proposed Conversion of Farm Pond to a SWMP

CH has suggested that the conversion of the farm pond to a SWMP will result in an increase to the
thermal warming impacts and will cause a less stable thermal regime.

1.6 Phytoplankton/Zooplankton Production

HC has indicated that the pond contributes self-sustaining phytoplankton and zooplankton to
downstream watercourses during periods of high flow.

1.7 Sediment Source

HC has indicated that the pond provides a source of sediment to downstream watercourses as a
provision for bedload, an important resource to maintain erosion in a state of dynamic equilibrium.

1.8 Organic Material Source

HC has indicated that the pond is a source of organic material in the form of leaves, twigs, etc. to
downstream watercourse for downstream watercourses that helps provide a base of the food chain.

1.9 Headwater Wetland Function

HC indicated that the pond can be considered a headwater wetland that provides many functions which
are beneficial from a fish community, water quality, water quantity, wildlife habitat and flood regulation
standpoint.

1.10 Pond providing Pelagic and Littoral Habitat

CH has indicated that the pond provides pelagic and littoral zone habitat that is adjacent to open water
areas; both of which are limited to in the North Oakville area.

2 Existing Conditions

As described in Section 5.3.4.4 (p. 5-26) of the EIR, the farm pond was constructed between 1954 and
1960 as a component of the agricultural operation (likely irrigation) and functions as a by-pass pond
with a single inlet/outlet and has an intermittent connection to the receiving watercourse (Reach 14W-
12). The source of water for the pond consists of surface water contributions, specifically flow from
Reaches 14W-14, 14W-13 and perhaps backflow from 14W-12. Water is stored in the farm pond
stores the water until such time as the water level reaches a certain elevation then the pond discharges
into Reach 14W-12. Thus the farm pond’s connection to Reach 14W-12 is related to the surface water
level.

An examination of the groundwater conditions potentially influencing the farm pond were also examined
and based on hydrogeological investigations undertaken in support of the development plan, the farm
pond is losing water into the ground. As a result the farm pond does not appear to be receiving
sufficient groundwater inputs that would moderate thermal impacts and provide a stable thermal regime
or maintain a consistent water depth. This assessment is supported by the water temperature data
presented in the following sections.

Due to the inlet/outlet feature as well as the minimal groundwater interactions, water discharging from
the farm pond will consist of the surface water that during the summer is at its warmest. This water is
then discharged into Reach 14W-12 supporting coolwater Redside Dace habitat.
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3 Results and Assessment of Additional Data

The following sections respond to the HC comments related to the farm pond (Reach 14W-14A),
specifically the request for additional information and their suspected functions of this feature that were
outlined in the August 3, 2011 email as well as the September 6, 2011 correspondence. .

3.1 Fish Community Survey

As was identified in the EIR, fish community sampling had been undertaken in 2002 by MMM Group
(formerly Marshal Macklin Monaghan Ltd) using minnow traps to obtain baseline fish community data.
Fish community sampling was also undertaken in 2002 by Natural Resource Solutions Incorporated
(NRSI), a member of the consulting team preparing the NOCSS, using a backpack electroshocking
unit. MMM Group replicated these sampling methods in the pond in 2009 to document up to date data
in support of the preparation of the EIR. Both of these sampling events used two sampling methods
thus meeting the recommended 2-3 methods identified in the HC August 3, 2011 email.

The EIR summarized the fish community data collected in 2002 and 2009 that indicated a fish
community made up largely of tolerant fish species. The one exception was the presence of
Largemouth Bass that we presume is stocked considering the absence of naturally occurring suitable
habitat in the area as well as the artificial nature of the pond that are often stocked by landowners. This
data is summarized in Table 1.

Table 1: Summary of Fish Community Sampling (14W-14A, MESP 2003, MMM, 2003 & MMM, 2009)

Common Name Scientific Name Number of Individuals
Brook Stickleback Culaea inconstans 2
Brown Bullhead Ictalurus nebulosus 1
Creek Chub Semotilus atromaculatus 37
Largemouth Bass Micropterus salmoides 3
White Sucker Catostomus commersoni 7

In response to the August 3, 2011 CH email, an additional round of sampling was undertaken in 2011.
A Licence to Collect for Scientific Purposes (Licence no 1064904) was obtained from the MNR on
(September 26, 2011) to undertake the 2011 fish community sampling. Fish community sampling
efforts in 2011 involved the use of minnow traps and pot traps set throughout the pond at various
locations and water depths to collect fish that are anticipated to use the different habitats within the
pond. The nine (9) traps were set between 0915 and1206 hrs on October 6, 2011, for a period of 24
hours (Table 2). It has been our experience (throughout the province) that the use of pot traps in
combination with minnow traps have resulted in the capture of a wide range of species including
Centrarchidae, Cyprinidae, Gadidae, Percidae, Esocidae and Umbridae various age classes (young-of-
the-year, juvenile and adult).
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Table 2: Summary 2011 Sampling Methodology/Gear Types

Page 4

Equipment Type

UTM Coordinate

Pot Trap 17 T 598200 4809169
Minnow Trap 17 T 598203 4809161
Pot Trap 17 T 598195 4809148
Minnow Trap 17 T 598148 4809160
Pot Trap 17 T 598155 4809155
Minnow Trap 17 T 598168 4809209
Minnow Trap 17 T 598076 4809221
Minnow Trap 17 T 598033 4809233
Minnow Trap 17 T 598031 4809218
Minnow Trap 17 T 598067 4809189

The fish community captured in 2011 is similar to the fish captured in previous sampling events and did
not revise the previous understanding of the pond as supporting a warmwater community with
coolwater tolerant species. Due to the habitat present in the pond, poor connectivity to downstream
habitat as well as the thermal regime a more diverse community is unlikely to be supported by the

pond. Table 3 summarizes the results of fish community sampling in 2011.

These species are

consistent with previous sampling efforts in the pond for species composition with the addition of
another warmwater species, Pumpkinseed.

Table 3: Summary of Fish Community Sampling (14W-14A, 2011)

Common Name

Scientific Name

Number of Individuals

Brown Bullhead Ameiurus nebulosus 7
Creek Chub Semotilus atromaculatus 7
Largemouth Bass Micropterus salmoides 1

Pumpkinseed (adult & YoY)

Lepomis gibbosus

81

As a result the fish community of the farm pond has been surveyed on the following occasions and the
approximate locations identified on Figure 1:

e 2002 MMM Group — Minnow Trap (approx. 24 hr set) to obtain background data for site;

2002 NRSI — Backpack Electroshocking along the shoreline in support of NOCSS;

e 2009 MMM Group — Minnow Trap (approx. 24 hr set) in support of the EIR;

e 2009 MMM Group — Backpack Electroshocking along the shoreline in support of the EIR

e 2011 MMM Group — Minnow Trap to supplement existing data at request of HC

e 2011 MMM Group — Pot Trap to supplement existing data at request of HC
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It is our opinion that the use of 3 sampling gear types as well as two sampling events in each year
(2002, 2009 and 2011) at times by two separate parties should be sufficient to characterize the fish
community present in this farm pond. Given the effort, cost and the type of habitat present the use of
alternative sampling methods suggested by HC including a boat electroshocker are not warranted as it
is unlikely that the fish community would differ from that observed during previous sampling of this farm
pond.

As requested by CH we have also calculated the catch per unit effort (CPUE) for the sampling events,
excluding NRSI data as it is unavailable.

Minnow/Pot Trap

Average fishing time (unit of effort) for the 10 minnow and pot traps set in 2011 is 26 hours for an
approximate total fishing time of (10 traps x 26 hrs) 260 total trap hours. The total humber of fish
captured is 103. Resulting in a catch per unit of effort (CPUE):

CPUE = [# fish / # Total Trap Hours]
=[103 Fish / 260 Total Trap Hours]
= 0.396 Fish / Total Trap Hours

Electrofishing

For the electroshocking we captured 6 fish during 368 shocking seconds within an area sample of
approximate 320 m?.

CPUE = [# fish / Sampling Effort]
= [6 Fish / (320 m?/ 368 second)]
= [6 Fish / 0.87 m?/s]
= 6.89 Fish / (m?/s)

3.2 Fish Community Classification

The species captured as well as their thermal classification (based on thermal preference) is identified
in Table 4. The three coolwater species identified in the table have a preference within the coolwater
thermal regime; however, they also have a tolerance for warmwater habitat and are commonly found
within warmwater habitats. These three species including White Sucker, Creek Chub and Brook
Stickleback have a thermal range of 0°C to 31.2°C, 1.7°C to 32.5°C and 0°C — 30.6°C respectively.
When examining the warmwater species thermal preferences and ranges of tolerance it would appear
that the habitat present is well suited to their thermal requirements.

As a result of the thermal tolerances of the coolwater species and the water temperature data
presented in the following sections, it would appear that the classification of this community as a
warmwater is more appropriate. This is supported by NOCSS Characterization Report (p.4W-118) that
states “There is a manmade online pond (14W-14A) located in the vicinity of Dundas Street. Shoreline
habitat of this pond consists of cattails, stumps and woody debris. Underwater habitat throughout the
pond is unknown. Substrate consists of silt and muck. This pond supports a warmwater baitfish and
sportfish community (LGL 1999, NRSI 2005). The presence of sportfish indicates that the pond is
productive as largemouth bass are the top level predator species requiring a substantive forage base.”
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Table 4: THERMAL AND VELOCITY TOLERANCES FOR FISH SPECIES KNOWN TO OCCUR WITHIN THE ZONE OF INFLUENCE*

FISH SPECIES LIVE STAGE
COMMON SCIENTIFIC MORTALITY (ADULT) PREFERRED
NAME NAME SPAWNING EGG/EMBRYO LARVAE/FRY JUVENILE ADULT Acclimation Temperature Upper Incipient Lethal TEMPERATURE (TABLE
Temperature 3, CHU ET. AL., 2009)
Brook Culea May — June at 8°C - 19°C Hatch: Thermal range: 0°C — 30.6°C
Stickleback inconstans 8 — 10 days at 16°C - 17°C
9 —11 days at 17°C - 18°C 25°C - 26°C 30.6°C 21.3°C
Optimum hatching temp.: 18.3°C
max for embryo survival: 21°C
Creek Chub Semotilus April = July Hatch in 10 days at 13°C Optimal growth range: | Thermal range: 1.7°C — 32.5°C
atromaculatus | Spawning triggered at: 12.8°C Temperature range for hatching: 12°C - 24°C, preferred 5°C 24.7°C
Range: 12.8°C — 26.7°C 15°C - 20°C for growth: 21°C
Optimal temperature range for 10°C 27.3°C
embryo: 14°C - 20°C in spring 20.8 °C
15°C 29.3°C (lower 0.7°C)
25°C 30.3°C (lower 4.5°C)
Largemouth Micropterus May — June Hatch: Larvae: Thermal range: 23°C - | Thermal range: 10°C - 38°C
Bass salmoides Spawning occurs at; 17°C - 22°C 13°C - 26°C, optimal: 20°C - 21°C Thermal range: 20°C - 30°C 31°C Preferred temp.: 30.3°C 20°C 32.5°C (lower 5.5°C)
low survival >30°C and <10°C Preferred: 27°C Preferred: 30°C
Fry: Optimal growth: 24°C - 25°C 34.5°C (lower 7°C) 30.2 °C
Upper lethal limits: Thermal range: 17.5°C — 30°C :
Acclimated to 20°C is 36.7°C 27.5°C
Acclimated to 28°C is 40.1°C Preferred: 27°C Little growth <15°C 30°C 36.4°C (lower 11.8°C)
Critical limit: >36°C
Pumpkinseed | Lepomis May — August Hatch: Thermal range: 24.2°C | Thermal range: 4.5°C - 38°C 5°C (lower 1.1°C)
gibbosus Spawning occurs at: 20°C - 28°C 19°C - 28°C, optimum temperature: - 32°C Preferred: 26°C 10°C (lower 1.2°C)
At 11°C - 13°C spawning ceases 28°C Preferred: 30°C Signs of stress begin at 31°C - 12°C 28.5°C (lower 3.6°C)
Lower lethal temp.: 38°C and < 4.5°C 20°C 31.6°C (lower 6.4°C) o
2.1°C when acclimated 28°C 31.9°C (11.3°C) 26°C
t0 12°C in summer. 30°C 34.8°C (lower 13.4°C)
32°C 33.5°C
34°C 37°C (lower 16.1°C)
White Sucker | Catostomus April = June Hatch: Thermal range: 13°C - 25°C, Upper lethal temp. Thermal range: 0°C — 31.2°C 50C 26.3°C
commersonii Spawning migration triggered: 10°C - 13.9°C - 20°C, prefer 11°C - 16°C preferred 27°C 26°C - 31°C, lower Preferred temp.: 22.4°C 10°C 27 79C

18°C upper lethal temp.: 24°C Upper lethal: 32°C lethal temp. 21°C - 6°C :

Spawning occurs: 7°C - 10°C lower lethal temp.: 6°C 15°C 29.3°C 29 49C
20°C 29.3°C (lower 2.5°C) '
25°C 28.3°C (lower 6.6°C)

Brown Ameiurus May — June Hatch: 20.6 °C to 23.3 °C Upper Tolerance Temperature: 6°C 28.6 °C
[o] [o]
Bullhead nebulosus Temperature reaches 21.1 °C 36.1°C 369C 37500 26 °C

Becker, G. C. 1983. Fishes of Wisconsin. University of Wisconsin Press.

Coker, G.A., C.B. Portt, and C.K. Minns. 2001. Morphological and Ecological Characteristics of Canadian Freshwater Fishes. Can. MS Rpt. Fish. Aquat. Sci. 2554: iv+89p.

Eakins, R. J. 2005. Ontario Freshwater Fishes Life History Database. Version 2.66. On-line database. (http://www.afs-soc.org/fishdb/index.htm), 15 January 2005.
Holm, Erling. Assistant Curator of Fishes, Department of Natural History, Royal Ontario Museum. Personal Communication March 16, 2005.

McMahon, T.E. 1982. Habitat suitability index models: Creek chub. U.S.D.I. Fish and Wildlife Service. FWS/OBS-82/10.4. 23pp.

Scott, W.B. and E.J. Crossman. 1998. Freshwater Fishes of Canada. Galt House Publications. Oakville, ON.
Twomey, K.A., K.L. Williamson, and P.C. Nelson. 1984. Habitat suitability index models and instream flow suitability curves: White sucker. U.S. Fish Wildl. Serv. FWS/OBS-82/10.64. 56 pp.

Wismer, D.A. and A.E. Christie. 1987. Temperature relationships of Great Lakes fishes: a data compilation . Great Lakes Fishery Commission Special Publication 878-3. 165p.
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3.3 Supplemental Fish Habitat Documentation

The pond to date has not been actively managed by the landowner as anything but a farm pond and in
that time the absence of management for its intended function as agricultural function has allowed it to
naturalize. HC has requested additional information including the preparation of a bathymetric survey,
critical habitat assessment in addition to this request sediment sampling and an attempt to visually
assess habitat in the deeper portions of the pond was undertaken. Aquatic habitat was visually
assessed from the shoreline and wadeable depths to document near shore habitat as well as aquatic
vegetation. Deeper water areas were assessed during field investigations in 2011 from a canoe
including the attempted use of an underwater camera. This vantage point allowed staff to view
submerged vegetation in the shallow, non-wadeable areas of the pond and to easily document the
riparian community along the waterline.

Bathymetric Survey

The bathymetry of the pond is illustrated in Figure 1. The pond is generally shallowest at the northwest
end of the pond, with depth increasing fairly uniformly toward the southeast end of the pond. The slope
of the pond bottom varies, with some areas having a greater slope than other areas. The most
prominent slope occurs along the southeastern end of the pond, parallel to the laneway.

Aquatic Vegetation

The aquatic vegetation associated with the farm pond consists of emergent vegetation, submerged and
floating vegetation. Algal growth occurs throughout the pond primarily at the northwest end and along
the perimeter of the pond, which consists of dense mats of algae. Similar algae mats were observed in
Stream Reaches 14W-16 and 14W-12 over the course of 2009 and 2011 field investigations on the
Lazy Pat lands. A detailed species list associated with the pond is presented in the EIR. In addition to
the vegetation identified in the EIR, supplemental vegetation investigations were undertaken in 2011
and resulted in the identification of two additional species including:

e Stalk-grain Sedge (Carex stipata)

e Common Hornwort (Ceratophyllum demersum)

Fish Habitat Structure and Function

As previously mentioned the aquatic habitat in the shallower areas of the pond was assessed from the
shore as well as wadeable water depths with deeper areas examined from a canoe examining the
surface as well as attempting to examine the deeper water areas with an underwater camera.
Generally the dense aquatic vegetation appears to provide the greatest amount of cover and habitat for
the fish present. Woody debris is scattered along the shoreline in limited quantities owing to the
absence of woody vegetation surrounding the pond. Observations of the deeper water area with the
underwater camera were unclear owning to the limited clarity in the pond however, there were
scattered areas of submerged vegetation stems observed during the examination. It is anticipated that
the cover/structure habitat within the deeper water area is limited due to the constructed nature of this
feature, its function as a farm pond (fish habitat structured unlikely to have been installed) and the
absence of woody debris and/or coarse substrate that would improve habitat complexity. As a result it
appears that the main cover habitat within the pond consists of the aquatic vegetation along the fringe
of the pond.

The substrate of the pond was also observed using a combination of visual assessments during field
investigations as well as using an Ekman Dredge from the canoe. Generally with the exception of the
boulders and concrete debris along the laneway, the substrate throughout the pond is dominated by silt
and muck which is consistent with observations made in NOCSS.

Fish Habitat Structure and Function
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The pond presumably provides suitable specialized habitat for the species present (i.e. spawning
habitat, nursery habitat, etc.) however, considering the generalized nature of the species present their
requirements are often limited to spawning habitat.

Specialized spawning habitat associated with the Largemouth Bass and Pumpkinseed is likely located
in the shallower habitat in the vicinity of the inlet/outlet as well as the gently sloping pond bed in this
northern portion of the pond. As the depths increase towards the laneway, the habitat in this area is
less likely to provide this type of suitable specialized habitat. The combination of dense aquatic
vegetation surrounding the pond shores (for Largemouth Bass) as well as adjacent open water habitat
(for Pumpkinseed) would be suitable to fulfill the majority of the habitat needs for these species as it
provides cover and forage habitat. It is anticipated that the deeper area within the pond at the south
end provides overwintering habitat for this and the other species present.

Extensive spawning habitat is available for Brown Bullhead that requires muddy substrates in close
proximity to woody debris/aquatic vegetation and flooded vegetation. The pond provides suitable
habitat for this species that is typically found near /on the bottom in shallow, warmwater habitats, in
slow moving water (i.e. ponds, small lakes, etc) in association with dense aquatic vegetation, and sand
to mud bottoms.

Brook Stickleback spawns on the stems of aquatic or flooded vegetation that are abundant in the area
and the habitat in the pond provides suitable habitat for the species as they are often found in wetlands,
beaver ponds and pond habitats with aquatic vegetation and are able to withstand periods of low
dissolved oxygen. Given the habitat present they are well suited to the pond owing to the dense
aquatic vegetation and seasonally flooded shoreline (flooded vegetation).

It would appear that the pond does not provide spawning habitat for Creek Chub as they typically will
spawn in riffle habitat with gravel substrate. Creek chub are not typically found within pond habitat,
they do occupy small lakes in nearshore areas. Although the farm pond is not its preferred habitat for
creek chub they are a very common species and generalists in their habitat needs and as a result does
not require additional specialized habitat.

Spawning habitat for White Sucker does not appear to be present in the farm pond as they tend to
spawn in shallow flowing water over gravel substrate. In lake environments they will spawn over
gravelly/sand shoals subject to wave action, this habitat is not present in the farm pond. White Sucker
is also a tolerant species that does not demonstrate a preference for a specialized habitat type beyond
spawning, and are tolerant of a wide range of water quality conditions including turbidity and low
dissolved oxygen.

Riparian Habitat

Generally the vegetation community results in an open canopy with scattered trees and shrubs.
Several mature trees, which include Basswood are growing at the top of the exposed bank, providing
the only significant shading for the pond. The vegetation along perimeter of the southern end of the
pond consists of purple loosestrife, water plantain, lance-leaved aster, queen anne’s lace, cutgrass,
and fox sedge. Several shrubs grow along the shoreline adjacent to the laneway amongst the cobble
and concrete debris that forms the shoreline. A detailed species list associated with the pond is
presented in the EIR.
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Water Levels

As discussed the pond receives input from tributaries 14W-13 and 14W-14 at the north end and
through surface flows from the relatively small catchment area from the adjacent table lands draining
the pond. As a result, water levels can fluctuate by more than a meter during periods of heavy rains.
The following pictures show the staff gauge installed at the south end of the pond at the deepest part of
the pond. The photo on the left (Plate 1) was taken on (October 6, 2011 when Environment Canada
recorded O mm of rainfall during the 24 hours prior, (26.5 mm of rain — 7 days prior). The photo on the
right (Plate 2) shows the staff gauge on October 20, 2011 with when Environment Canada recorded
approximately 60 mm of rainfall during the 24 hours prior (63.5 mm of rain — 7 days prior). The
observation suggest that the pond is heavily influenced by the surface water contributions and that
once the pond is no longer hydraulically connected to the downstream watercourse, there are no other
inputs that assist in maintaining water levels. Instead the water level is decreased through evaporation.

Plate 1: Staff Gauge, October 6, 2011 Plate 2: Staff Gauge, October 20, 2011

Water Quality Monitoring

Water quality monitoring for dissolved oxygen and water clarity was recorded at the approximate
location of the water temperature logger strings and at the approximate vertical position of the
temperature loggers.

Dissolved Oxygen

Dissolved oxygen was sampled using (HANNA HI9146-04N Dissolved Oxygen Meter and was
compared against the target of 6 mg/l identified in the OMB Mediation Item: Stormwater Management —
Temperature and Dissolved Oxygen Targets. For Fourteen Mile Creek, the conservative DO target is 6
mg/l, which is the Provincial Water Quality Obijective for coldwater fisheries associated with a water
temperature of 20°C. Dissolve oxygen measurements taken at the three temperature logger locations,
representing the north, middle and south areas of the pond indicate that oxygen levels vary based on
depth and the time of the year. As expected and likely due to surface agitation, the DO levels in the
pond at the surface meet or exceeding the OMB target. As the depth increases, the DO levels continue
to drop with DO levels at depths of 2.0 m or greater below the OMB target of 6 mg/l associated with
recorded water temperatures between 20 and 24.3 °C. This distribution of DO is not unexpected
considering the shallow depth of the farm pond and the likelihood of mixing. The reduced DO in the
deeper area is likely attributed to less mixing and bacteria activity in the sediment.
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Water Clarity

Water clarity was also documented at each of the water temperature logger string locations using a
Secchi Disk (Table 5). The Sechi Disk is a black and white circular plastic plate, 20 cm diameter. A
measured line is attached to the center of the disk to allow the recorder to note the depth of the disk as
it is lowered into the water. The depth at which the disk was no longer visible was recorded. The disk
was then lowered slightly and slowly retrieved to a depth at which the disk became visible. This depth
was also recorded. The Secchi Disk provides a quantitative way of identifying the level of clarity
(transparency determinations) in natural waters. Water that is clear has a high transparency, resulting
in a higher secchi depth reading, which indicates lower turbidity. Transparency in freshwater systems
typically decreases in the summer when plankton, silt and organic matter are more likely to be
prevalent. For reference, the most transparent lakes are usually seepage lakes as this characteristic
greatly reduces the amount of silt bearing influents. Drainage lakes carry more silt and usually are less
transparent. To minimize errors during the readings, the same observer was used, using the same
method and all readings were taken between 10am and 2pm. The weather conditions on each reading
were generally the same, with clear sunny skies.

Table 5: Summary of Secchi Depths for Stream Reach 14W-14A (2011)

Date Sampling Location Secchi Down (m) Secchi Up (m) Clarity Depth (m)
South Logger 0.75 0.60 0.675
August 19 Middle Logger 0.60 0.50 0.55
North Logger 0.60 0.60 0.60
South Logger 0.60 0.40 0.50
August 24 Middle Logger 0.70 0.50 0.60
North Logger 0.55 0.45 0.50
South Logger 0.55 0.45 0.50
October 7 Middle Logger 0.54 0.52 0.53
North Logger 0.52 0.51 0.515

Readings were taken at the approximately at the same time and were based on three separate
readings. The water clarity in the pond showed little variation in water clarity throughout the pond and
no marked improvement in water clarity during the sampling period. The highest reading was recorded
in the deepest part of the pond at the south (0.675 m). However, the difference between the highest
and lowest reading is 17.5 cm (0.175 m). This suggests that visibility within the water would range
between 0.5 and 0.68 m during sunny, clear sky conditions, near the surface with light levels reaching
plants at or below .68 m would be significantly reduced.

This is supported by the observation of submerged vegetation in greater density at the north end of the
pond where the water was shallow. Using an underwater camera, visibility was extremely poor at the
south end of the pond and although scattered stems of submerged vegetation were observed, the
plants were sparse.

The lack of clarity would likely be attributed to a combination of wind action agitating the water thereby
maintaining suspended sediments as well as phytoplankton.
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3.4 Water Temperature

In recognition that additional water temperature data would likely be required, MMM Group initiated
water temperature investigations in advance of receiving the August 5, 2011 e-mail, specifically the
installation of water temperature loggers. Water temperature monitoring in the pond was initiated on
July 4, 2011 and used water temperature loggers set to record data hourly. A total of nine loggers were
installed, three at each string located along the length of the pond (Plate 3 and Figure 2). Each string
was set up to record the water temperatures at the bottom, middle and top of the water column. The
maximum depth of the bottom loggers (Logger String 1, south end) was approximately 3 m below the
water surface at the time of installation (July 4, 2011). The minimum depth of the bottom loggers
(Logger String 3, northern end) was 1.5 m below the water surface at the time of installation (July 4,
2011). Although maintaining the same distance from the bottom of the pond, the water depth relative to
the surface for the middle and top loggers varied throughout the survey period due to fluctuating water
levels. The middle loggers were generally positioned halfway between the surface and bottom loggers,
approximately 1.5 m, 1 m, 0.75 m (Logger Strings 1, 2 & 3 respectively).

Although CH requested the installation of three loggers in the deepest part of the pond set at the
bottom, 33% and 66% depth, the existing loggers were left in place due to the extent of the data
collected and the distribution of a greater number of loggers than requested over varying depths was
felt to provide sufficient coverage to cover the intent of the CH recommendation.

Through consultation with CH the water temperature data was analyzed using methods identified in
Evaluation of a Simple Method to Classify the Thermal Characteristics of Streams Using a Nomogram
of Daily maximum Air and Water Temperature (Cindy Chu, et. al., 2009). In the study, the maximum
daily water temperature recorded between July 1 and August 31 was plotted against the maximum daily
air temperature within the period. Following consultation with CH, the temperature recorded at 4pm
was selected as the maximum water temperature for the comparison which is consistent with the study
that indicated that water temperature recorded between 4pm and 6pm represent the time during which
water temperatures are most likely to be at their maximum. The resulting graph of temperature
comparisons provided a tool to determine if the water temperature could be characterized as coldwater,
cool-coldwater, coolwater, cool-warmwater or warmwater. The preferred nhomogram used by CH staff
for this purpose is Figure 7 on pg 1615 of the published study. The approximate temperature ranges
for the thermal classifications are summarized in Table 6:
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Y ? Mid-Water Logger

Bottom Logger

Plate 3: Facing north, showing the location of the temperature logger strings in the pond (left). Vertical
position of loggers on each string (right)

Table 6: Approximate Thermal Classification Ranges for Watercourses, Based on Figure 7 Nomogram
(Chu. et. al., 2009)

Thermal Classification | Maximum Water Maximum Water Est. Maximum Water
temperature Range at | temperature Range at | temperature Range at
24°C 36°C 28 °C

Coldwater 10°C to 15°C 10°C to 16°C 10°Cto 16 °C

Cold-coolwater 15°Cto 17°C 16°C to 20°C 16°C to 18 °C

Coolwater 17°Cto 20°C 20°Cto 24 °C 18°Cto 21 °C

Cool-warmwater 20°C to 23°C 24°Cto 28°C 21°Cto 24 °C

Warmwater 23°Cto 32°C + 28°Cto 32°C + 24°Cto 32°C +

Water temperature sampling was undertaken between July and October, 2011. For the purposes of
analysis, only the water temperatures recorded at 4pm between July 4 and August 31, 2011 were used
to determine the thermal classification of the pond. The maximum daily air temperatures recorded by
Environment Canada for the weather station at Lester B. Pearson International Airport in Mississauga
Ontario during the assessment period reported temperatures ranging from 22.3 °C (August 28, 2011)
and 37.9 °C (July 21, 2011), with an average temperature of 28.69 °C. A weather station is also located
in the Town of Oakville; however, the difference in temperature comparison when using the Town of
Oakville air temperature is less than 0.5°C. As such, the use of the weather station at Lester B.
Pearson was used as this is consistent with reference data for the EIS/FSS report (2009).
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In order to identify the thermal stratification in the pond the temperature loggers were grouped
according to the depth range where sampling occurred. These depths represent the surface (0-1 m),
mid-water (1-2 m), bottom (2 m+) of the water column. As a result of the pond bathymetry profile,
logger string locations, the nine loggers were assigned as follows: due to varying water levels during
the season five loggers recorded temperatures at depths at 1 m or less (surface); two loggers occurred
at depths between 1 and 2 m (mid-column) and 1 logger recorded at depths greater than 2 m (bottom).
Figure 3 illustrates the thermal profile of the pond at 24 °C, 36 °C and at the average maximum air
temperature recorded between July 4 and August 31. A linear trendline was established for each set of
data points to determine the thermal classification that best approximates the temperatures recorded
for the surface, mid-water and bottom of the water column in the pond, where y = water temperature
and x = Air Temperature (°C).

Surface

The linear trendline equation (Figure 4) for the average data at the surface of the column is:
y =0.404x + 15.585

Based on this equation, the temperatures at 24 °C and 36 °C are calculated to be 25.28 °C and 30.13
°C, respectively. Based on the temperature ranges in Table 6, the surface of the pond falls within the
warmwater range. Based on the average maximum air temperature the water temperature within the
pond at the surface is estimated to be 27.18 °C (warmwater). The lowest recorded temperature is
22.74 °C, while the maximum temperature is 31.30 °C (difference: 8.56 °C).

The data for the individual surface loggers are shown in Figure 5.

Mid-Water

The linear trendline equation (Figure 4) for the average data within the mid-water column is:
y = 0.3226x + 16.136

Based on this equation, the temperatures at 24 °C and 36 °C are calculated to be 23.88 °C and 27.75
°C, respectively. Based on the temperature ranges in Table 6, the mid-water area of the pond falls
within the warmwater to cool-warmwater range. Based on the average maximum air temperature the
water temperature within the pond at the mid-water depth is estimated to be 25.39 °C (warmwater).
The lowest recorded temperature is 21.65 °C, while the maximum temperature is 29.39 °C (difference:
7.74°C).

The data for the individual mid-water loggers are shown in Figure 6.

Bottom

The linear trendline equation for the average data (Figure 4) at the bottom of the water column is:
y=-0.1173x + 24.607

Based on this equation, the temperatures at 24 °C and 36 °C are calculated to be 21.79 °C and 20.38
°C, respectively. Based on the temperature ranges in Table 6, the bottom of the pond falls within the
coolwater to cool-warmwater range. Based on the average maximum air temperature the water
temperature within the pond at the bottom of the pond is estimated to be 21.24 °C (cool-warmwater).
The lowest recorded temperature is 17.4 °C, while the maximum temperature is 23.18 °C (difference:
5.78 °C).The data for the individual bottom logger is shown in Figure 7.

It is important to note that this cool-warmwater designation seems to conflict with the hydrogeological
assessment that indicated that the pond is not receiving groundwater inputs that would assist with
buffering of the thermal effects. It is suspected that the temperature logger in question was actually
embedded in the substrate (pulled under by the anchor) thereby inaccurately recording the soft
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sediment temperature that is likely cooler than the water temperature. This is further indicated by the
absence of buildup of crusts/slimes/filamentous algae as observed on the other loggers that were
suspended in the water column. Essentially the general assessment of the pond as a whole remains
the same as if this “cooler” water is present at the bottom of the pond it is not directly discharged into
the receiving watercourse and detailed hydrogeological assessment confirms an absence of
groundwater inputs into the pond during this period.

Table 7 summarizes the calculated temperatures based on the maximum water temperature
comparison against maximum daily air temperature. Included in the table are the minimum, maximum
and average recorded temperatures.

Table 7: Summary of Calculated Water Temperatures in the Pone (14W-14A) based on the Max Air Temp
vs. Max Water Temp Trendline between July 4 and August 31, 2011.

Calc Calc Calc Lowest Highest Average
H0 H0 H0 recorded recorded recorded
Water Depth EmE @ G @ | temp g@ Maximum Maximum Maximum
24°C  136°C | 28.69°C | water Temp | Water Temp | Water Temp
°c) |(Cc) | (O (°C) (°C) (°C)
Surface
25.28 30.13 27.18 22.74 31.30 27.18
(0-1m)
Mid-water
23.88 27.75 25.39 21.65 29.39 25.39
(2-2m)
Bottom
21.79 20.38 21.24 17.4 23.18 21.24
(2+m)

The water temperature data was also assessed using the protocol set forth in the Ontario Stream
Assessment Protocol (OSAP) (Stanfield, 2005) and A Thermal Habitat Classification for Lower
Michigan Rivers (Wehrly et al, 1999). The average weekly maximum and minimum water temperature
was calculated for each of the first three weeks in July. This data was then used to calculate the
average weekly temperature fluctuation for the watercourse. The watercourses were placed into one of
three thermal regimes described by the MNR; coldwater (average maximum summer water
temperature from 10°C to 18°C), coolwater (18°C to 25°C) or warmwater (25°C or warmer). Based
upon water temperature fluctuations described in Wehrly et al (1999), the pond was then classified into
one of three thermal range categories; stable (<5°C), moderately stable (5°C to 10°C) and extreme (>
10°C) (MNR, 2004; Stanfield, 2005; Wehrly et al, 1999). This assessment indicates that with the
exception of the pond bottom at its deepest point (greater than 2 m) the thermal regime is moderately
stable warmwater with a weekly average in July ranging from 25 to 27°C and maximums ranging from
26 to 30°C and in August from 24 to 25°C and maximums ranging from 25 to 29°C. In both months the
higher weekly averages and maximums are attributed to the surface waters, the water that is
discharged downstream when flows discharge from the pond.
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3.5 Thermal Impacts of Proposed Conversion of Farm Pond to a SWMP

It acknowledged that a larger pond in this setting has the potential to be subject to increased thermal
effects due to its size however, the reconfiguration of the pond into a managed Stormwater
Management facility provides opportunities to mitigate these effects. The design of preventative
thermal measures such as those proposed by the Credit Valley Conservation’s study: Thermal Impacts
of Urbanization including Preventative and Mitigation Techniques, January, 2011 including ‘cooling
towers’ and floating vegetated islands along with a north-south pond and outlet channel orientation to
maximize shading periods would assist in minimizing this effect. Given that the pond currently
functions as moderately stable warmwater habitat, the mitigation measures included in the SWMP
design have the potential to improve the temperature discharging from the future SWMP.

3.6 Phytoplankton/Zooplankton Production

It is acknowledged that this pond, like most open water habitats including SWM ponds, have self-
sustaining phytoplankton and zooplankton populations however, the contributions to downstream
habitats are limited due to the relatively small size of the pond as well as the intermittent discharge to
downstream habitat during the low flow periods in its existing inlet/outlet configuration. It is anticipated
that the production and contribution of zooplankton and phytoplankton in a SWM facility to the
downstream fisheries will be similar to existing conditions.

3.7 Sediment Source

The configuration of the pond does not support the provision of sediment or bedload as a resource in
the west branch of Fourteen Mile Creek. The intermittent flow in/flow out (through a single connection
point) during high flow events only suggests the pond acts as a sediment trap and will act against the
concept of dynamic equilibrium by removing sediment from downstream areas, resulting in a less stable
bedload, and thereby facilitating downstream erosion when attempting to re-establish a stable bedload.
In addition, the top-draw, uncontrolled discharge nature of the pond suggests that high flows may be
sustained for longer periods as water flows out of the pond and into the watercourse system, creating
extended periods of higher shear stress than naturally occurs.

3.8 Organic Material Source

The transport of coarse organic material such as leaves and twigs, to downstream fish habitat is limited
by the intermittent connection to downstream fish habitat as well as the dense cattail growth at the
inlet/outlet that would physically block the movement of this material. Furthermore, it is anticipated that
if this pond was removed, its contribution can likely be addressed through riparian zone
restoration/planting.

3.9 Headwater Wetland Function

Once again we would like to emphasize that this is an agricultural pond that has naturalized over time
due to a lack of management as agricultural feature rather than a conscious decision to create/manage
it as fish and wildlife habitat.

Generally headwater wetlands are wetlands associated with groundwater discharge zones that give
rise to creeks and streams. Water level data from the pond as well as groundwater data indicate that
the pond does not receive groundwater inputs in sufficient quantities that create discharge into the
watercourses, the discharge from the pond is associated with surface water inputs. The lack of
groundwater inputs is supported by the warmwater thermal regime of the pond. It seems more likely
the pond is a ‘sink’ rather than ‘source’, receiving surface flows and losing water to evaporation rather
than consistently contributing water from the pond to the downstream watercourse.
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Furthermore the wetland vegetation communities present are common (cattail shallow marsh and
duckweed shallow aquatic) and are typical of vegetation associated with stagnant ponds. The
vegetation present is not obviously sustained by groundwater inputs to the pond, but rather appears to
be sustained by the presence of surface water that occasionally flows into the pond from the
watercourses. The wetland community present is typical of those found within SWM facilities in Halton
Region, and could be replicated through standard SWM pond construction and re-vegetation practices.

3.10 Pond providing Pelagic and Littoral Habitat

Although the pond may have a secondary function providing pelagic and littoral habitat by its intrinsic
function of storing water for agriculture, it is a farm pond that was created to facilitate agricultural
activities. The limited availably of this type of habitat in the area is appears to be associated with the
absence of naturally occurring open water habitat in North Oakville and the use of a farm pond to
bolster a type of habitat that appears to be naturally limited in North Oakville seems unrealistic.

4 Conclusions

Generally the pond appears to function as warmwater habitat that supports a warmwater fish
community. Given the current configuration of the pond with a single inlet/outlet feature that is
principally influenced by surface water, it appears that this pond functioning as a basin storing water
until such time that it overflows into the receiving watercourse. The resulting storage of water,
intermittent connection to downstream watercourses and apparent lack of groundwater inputs results in
water temperature increasing during the low flow period. This warmer water is then discharged into the
receiving watercourse (Reach 14W-12) that supports Redside Dace. As a result of these influences
the pond in its current form does not appear to match the intent of the management of the receiving
watercourse (Reach 14W-12).

According to the DFO’s Working Around Water? Factsheet Series (Ontario Edition) by-pass ponds “...
are also prone to dissolved oxygen and water quality problems, increases in water temperature, and
sediment accumulation problems. Proposals for bypass ponds on coldwater streams are generally
not approved due to the potential that downstream water temperatures may increase beyond
levels that coldwater fish need to survive”. It has been our experience that the removal of pond
habitat (i.e. by-pass, on-line), specifically those contributing to cool/coldwater habitats, is a measure
often identified to improve water quality (i.e. water temperature) related to fish habitat and is frequently
used as a compensation measure used to address a HADD. The NOSCC Implementation Report
states that one of its broad level riparian corridor management recommendations to achieve certain
targets on a system wide basis includes the removal of online ponds as they are considered
detrimental from a temperature moderation perspective. Although the pond in question is not an online
feature, its effects are similar and the removal of these adverse effects would be beneficial to the
aguatic habitat of downstream reaches.

It is acknowledged that the proposal is not merely to remove the pond (Reach 14W-14A) to benefit the
natural heritage system; instead it is a replacement of the existing pond with a SWM pond. SWM
ponds are necessary to address the post-development flows and although the resulting SWM pond will
be larger and likely subject to greater thermal impacts due to its size, there are mitigation measures
that can be incorporated into the design that will assist in mitigating these effects. This proposed
approach consisting of removing a farm pond that is detrimental to downstream habitat and using the
area to construct a necessary SWM pond in its place represents a benefit over the the alternative of
maintaining the farm pond (and its effects) and construction additional pond(s) on the landscape.
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Notwithstanding the thermal influences of the pond, it is recognized that the pond does support a
warmwater fish community and as a result the proposed works are subject to review under the
Fisheries Act and Conservation Authorities Act. Due to its proximity and connection to Redside Dace
habitat it is also subject to review under the ESA. As a result we request that CH and MNR review this
information and provide comment.

We trust this information satisfies the additional information request presented in the August 3, 2011
email as well as the September 6, 2011 written correspondence and request that CH and MNR identify
what specific functions of this feature (if any) considered worthy of retention in order that the feasibility
of incorporating this type of feature in other locations can be examined.

5 References

e Chu, Cindy, N.E. Jones, A.R. Piggott and J.M. Buttle. Evaluation of a Simple Method to Classify
the Thermal Characteristics of Streams Using a Nomogram of Daily Maximum Air and Water
Temperatures, North American Journal of Fisheries Management 29: 1605-1619, 2009.

e Wehrly, Kevin; M.J. Wiley & P.W. Seelbach. A Thermal Habitat Classification for Lower
Michigan Rivers. Michigan Department of Natural Resources. Fisheries Research Report No.
2038, 1998.

M:\Jobs\2009\14.09222.001.P01 - 407 West Employment Area\Ecology\Agency Correspondance\Conservation Authority\CH Sept 6 2011
comments\Sept 6 2011 HC Comments - FINAL Aquatic Memo-(2012 03 28).doc

100 Commerce Valley Drive West, Thornhill, ON L3T OAl | t: 905.882.1100 | f: 905.882.0055 | w: www.mmm.ca



Environmental Implementation
Report / Functional Servicing Study
for 14 Mile Creek West and the Lazy
Pat Farm Property

Bathymetric Survey / Approximate
Fish Community Sampling Locations

LEGEND

Contour Lines
Equipment Type / Sampling Method
@ Minnow Trap (2011)

@ Pot Trap (2011)
© Trap (MMM - 2002)
Electrofishing
EF-A (2009)
EF-B (2009)
s NRSI (2002)

Prepared by

i Bentall | /ANNN

= Kemnedy | nivim GROUP

£ ; - M ‘- - -t e K ‘_. 3 : y '-'._ . A Tote Tromet No.

e O ., RRVIN S TR s b ot R 3 % . February 2012 1409222001
‘ i ks oy ‘- LSRR, Ch o - £ S 3 . ) i -
Y 2 o f i-"\"t':éf\ : [TIPER ‘%’lﬂ i, o A Th, & - ) ' - ferel Péoébolz Microsoft Co i i
. %1 By 51 UL TRy [ b - % Y i » rporation Imagery .
AR e .*-L_ttﬂ.\-&;“‘}ll‘t R 'i'.‘- . Ay A LT - s g © Microsoft © 2010 NAVTEQ Figure: 1

o
4
£
@
c

o

T
o
o

ot
=

£

o

(7]

2
=
S
IS
IS
)

(@]

=

o

i

\
>
9
2
>

2

L
@
£
>

=
I

Q

S

=]

o~

—

8

i)
4

E
=

£
g

E
<
g
<
<
[}
£

2
o
£
i}
@
=
~
[=)
<
o
o
&
i
o
Q
o
IN]
IN]
o
<
<
=
[
o
<1
S
)
a

<}
2
=



cecem
Typewritten Text

cecem
Typewritten Text

cecem
Typewritten Text
1


Z

South Logger

Middle Logger

North Logger

149 String String String
€
= 148
o
E \
o 147
-
Lu \

146 \

145

0 20 40 60 140 200 220 240
SOUTHERN DISTANCE (m) NORTHERN
END OF POND END OF POND
Client:

LEGEND

Logger Sampling Locations
© North Logger String (1-2-3)
e Middle Logger String (4-5-6)
o South Logger String (7-8-9)

BENTALL KENNEDY

Tite:  \Water Temperature Monitoring (2011)
Bathymetric Survey and Profile

epereshy 'A\\\ MMM GROUP

14.09222.001.EN1 Scale: NTS | Review: SR

Date: February 2012 Figure' 2



cecem
Typewritten Text
2


149

WATER TEMPERATURE AT MAXIMUM AIR TEMPERATURE OF 24°C

B
Z 148 —E_
o
'_
< —
o 147
- !
Lu
146 —
145
0 20 40 60 80 100 120 140 160 180 200 220 240
SOUTHERN DISTANCE (m) NORTHERN
END OF POND END OF POND
WATER TEMPERATURE AT MAXIMUM AIR TEMPERATURE OF 36°C
149
E
= 148 —E_
o
'_
- e ——
w147 -
-
Lu ,
146 \ _—
145
0 20 40 60 80 100 120 140 160 180 200 220 240
SOUTHERN DISTANCE (m) NORTHERN
END OF POND END OF POND
WATER TEMPERATURE AT MAXIMUM AIR TEMPERATURE OF 28.69°C
149
E
= 148
o
=
<
o 147
-
w
146
145
0 20 40 60 80 100 120 140 160 180 200 220 240
SOUTHERN DISTANCE (m) NORTHERN
END OF POND END OF POND
Client:

Thermal Classification

Maximum Water Temperature

Maximum Water Temperature

Maximum Water Temperature

BENTALL KENNEDY

(Colour Code) Range at 24°C Range at 36°C Range at 28°C —
itle: .
Cold Water (BLUE) 0°C to 15°C 0°C to 16°C 0°C to 16°C Pond Cross Section
Cold - Cool Water (GREEN) 15°Cto 17°C 16°C to 20°C 16°C to 18°C paedb AN
17°C to 20°C 20°C to 24°C 18°C to 21°C A MMM GROUP
Cool - Warm Water (ORANGE) 20°C to 23°C 24°C to 28°C 21°C to 24°C 14.09222.001.EN1 Scale:NTS | Review: SR
Warm Water (RED) 23°C and higher 28°C and higher 24°C and higher Date: February 2012 Figure: 3



cecem
Typewritten Text
3

cecem
Pen

cecem
Pen


Water Temperautre °C

g Figure4: Vertical Comparison of Average Water Temperatures
34.00 -+ [ \
: (14W-14A: Bottom, Mid-Water, Surface)
32.00
0 =
(] = y =0.404x + 15.585
C =
30.00 + ! —
- = =T T Am
y m g A 7= —
. o m B - _ . Ba—— m 2 m 0 e A=y =0.3226x + 16.136
O e [
,-l--"’-' m o, B = A_ - a~ A
i — =TT Aj - _ oA T A A A
2600 r . - ’,."A ._l._‘__ — “i_—— .‘ A
Al A e L A A A
A - ——7A A A
24.00 bz =T T T | ! A - A
) - o n
A
’- Al
4 A
A %% o A . .
*e * 3 *
22.00 PR * * *
_______ 0 ¢ v ¢
L_‘;___’________! _______ . *
¢ o® T TTTTme—= I ——————— _ ___ *
: 4 . . TTT T T e —— 4
20.00 : . y =-0.1173x + 24.607
. 'S * o ¢
C ¢ *
18.00 *
¢ Bottom Average
16.00 -+
A Mid-Water Average
C @ Surface Average
14.00 +
— — Linear (Bottom Average)
12.00 + - Linear (Mid-Water Average)
. — - — Linear (Surface Average)
10.00 -+ . . . . .
24.2 26.2 28.2 30.2 32.2 34.2

Air Temperature °C [Environment Canada, Lester B. Pearson Weather Station (YYZ)]



cecem
Typewritten Text
4


Water Temperautre °C

30 -

28 -

22

14 -

10 -

34

32 -

26 -

20 -
18 -

16 -

12

Figure 5: Water Temperature Comparison of Surface Water Loggers (0 - 1 m)

14W-14A (Loggers 2, 3,5, 6 &9)

y =0.4415x + 14.941

.- 2= y=0.4588x + 14.121

~ y=0.4356x + 14.248

y =0.3962x + 15.653
y =0.2879x + 18.962

24—

20

22

24

26 28 30 32
Air Temperature °C [Environment Canada, Toronto]

34

36

38

40

Logger 2
Logger 3
Logger 5
Logger 6

O » O ¢ »

Logger 9

Linear (Logger 2)
----- Linear (Logger 3)

Linear (Logger 5)
----- Linear (Logger 6)
—eee Linear (Logger 9)



cecem
Typewritten Text
5


Water Temperautre °C

30 -

28 -

22

14 -
12 -

10 -

Figure 6: Water Temperature Comparison of Mid-Water (1-2 m) Loggers

34 -

32

14W-14A (Loggers 1& 8)

y =0.3396x + 15.823

y = 0.3057x + 16.449

26 -

24 -

B Llogger8
[ Logger1l

20 -

[ | —— Linear (Logger 8)
—— Linear (Logger 1)

18 -

16

26 28 30 32 34 36 38 40
Air Temperature °C [Environment Canada, Toronto]



cecem
Typewritten Text
6


Water Temperature °C

32 -

30 -

22 -

20 -

16
14
12 -

10 -

34 -

Figure 7: Water Temperature at Maximum Pond Depth: 2-3 m Depth

14W-14A

28 -

26 -

24 -

18 -

26 28 30 32 34 36
Air Temperature °C [Environment Canada, Toronto]

[l Logger7
—— Linear (Logger 7)

y =-0.1173x + 24.607



cecem
Typewritten Text
7


Appendix 6.0

6.1
6.2
6.3
6.4
6.5
6.6
6.7

HEC RAS Results

Proposed Cross Sections

Proposed Crossings

Corridor Width Delineation

EXP Report

Stream Length and Drainage Density
Water Surface Profiles at Tie in of 14W-
22 and 14W-12A

0°9 xipuaddy






Appendix 6.1 - HEC RAS Results






HEC-RAS Model Results for
14W-16, 14W-14, 14W-12A and
14W-12------- Existing Condition



HEC-RAS Plan: Existing

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-2B 231.1 Regional 8.23 148.25 149.80 149.81 0.000200 0.60 46.06 58.53 0.16 0.28
Reach-2B 2311 100YR 3.20 148.25 149.31 149.31 0.000225 0.48 19.74 44.13 0.16 0.12
Reach-2B 231.1 50YR 2.83 148.25 149.26 149.27 0.000221 0.46 17.78 41.87 0.16 0.11
Reach-2B 231.1 25YR 2.48 148.25 149.21 149.22 0.000217 0.44 15.87 39.55 0.15 0.10|
Reach-2B 231.1 10YR 1.94 148.25 149.14 149.14 0.000204 0.41 12.99 35.77 0.15 0.08
Reach-2B 2311 5YR 1.59 148.25 149.08 149.09 0.000190 0.37 11.13 33.09 0.14 0.07
Reach-2B 231.1 2YR 1.00 148.25 148.98 148.98 0.000151 0.30 7.91 27.79 0.12 0.05
Reach-2B 231 Regional 8.23 148.25 149.80 149.81 0.000201 0.60 46.05 58.52 0.16 0.23
Reach-2B 231 100YR 3.20 148.25 149.31 149.31 0.000225 0.48 19.73 44.12 0.16 0.10|
Reach-2B 231 50YR 2.83 148.25 149.26 149.27 0.000221 0.46 17.77 41.86 0.16 0.09
Reach-2B 231 25YR 2.48 148.25 149.21 149.22 0.000218 0.44 15.86 39.54 0.15 0.08
Reach-2B 231 10YR 1.94 148.25 149.14 149.14 0.000205 0.41 12.99 35.76 0.15 0.07
Reach-2B 231 5YR 1.59 148.25 149.08 149.09 0.000191 0.37 11.13 33.08 0.14 0.06
Reach-2B 231 2YR 1.00 148.25 148.98 148.98 0.000151 0.30 7.91 27.79 0.12 0.04]
Reach-2A 228 Regional 7.88 153.98 154.23 154.26 0.005679 0.82 9.64] 51.91 0.61 9.67
Reach-2A 228 100YR 3.06 153.98 154.12 154.14 0.007080 0.65 4.70 41.99 0.62 4.29
Reach-2A 228 50YR 2.71 153.98 154.11 154.13 0.007245 0.63 431 41.21 0.62 3.82
Reach-2A 228 25YR 2.37 153.98 154.11 154.13 0.005918 0.56 421 41.02 0.56 3.26
Reach-2A 228 10YR 1.85 153.98 154.09 154.11 0.006451 0.53 3.49 39.53 0.57 2.62
Reach-2A 228 5YR 1.52 153.98 154.08 154.09 0.007092 0.51 2.98 38.45 0.59 2.20)
Reach-2A 228 2YR 0.95 153.98 154.06 154.04 154.07 0.008712 0.46 2.06 36.21 0.62 1.47
Reach-2A 227 Regional 7.88 153.04 153.33 153.32 153.43 0.013223 1.41 6.09 33.73 0.95 8.89
Reach-2A 227 100YR 3.06 153.04 153.24 153.22 153.28 0.010626 0.91 3.41 27.18 0.79 3.88
Reach-2A 227 50YR 2.71 153.04 153.23 153.21 153.27 0.010447 0.86 3.16 26.50 0.77 3.45
Reach-2A 227 25YR 2.37 153.04 153.21 153.20 153.25 0.014192 0.90 2.63 24.96 0.87 2.92
Reach-2A 227 10YR 1.85 153.04 153.20 153.18 153.23 0.012560 0.79 2.34] 24.04 0.81 2.33
Reach-2A 227 5YR 152 153.04 153.19 153.17 153.21 0.011177 0.71 2.13 23.30 0.75 1.94
Reach-2A 227 2YR 0.95 153.04 153.17 153.15 153.18 0.008941 0.57 1.67 21.61 0.66 1.28
Reach-2A 226 Regional 7.88 152.44 152.74 152.77 0.003714 0.76 10.43 45.96 0.51 8.06
Reach-2A 226 100YR 3.06 152.44 152.62 152.63 0.004283 0.59 5.22 37.44 0.50 3.45
Reach-2A 226 50YR 2.71 152.44 152.61 152.62 0.004293 0.56 4.81 36.69 0.50 3.05
Reach-2A 226 25YR 2.37 152.44 152.60 152.62 0.003509 0.50 4.70| 36.49 0.45 2.55
Reach-2A 226 10YR 1.85 152.44 152.58 152.59 0.003802 0.48 3.89 34.94 0.46 2.02
Reach-2A 226 5YR 1.52 152.44 152.56 152.52 152.57 0.004079 0.45 3.34 33.85 0.46 1.67
Reach-2A 226 2YR 0.95 152.44 152.53 152.54 0.004792 0.41 2.34 31.69 0.48 1.08
Reach-2A 225 Regional 7.88 151.75 152.28 152.34 0.004966 1.27 12.52 56.45 0.64 6.91
Reach-2A 225 100YR 3.06 151.75 152.12 152.16 0.005177 0.93 5.12 36.80 0.60 2.93
Reach-2A 225 50YR 271 151.75 152.10 152.05 152.14 0.005411 0.91 4.48| 34.74 0.61 258
Reach-2A 225 25YR 2.37 151.75 152.07 152.04 152.11 0.007584 0.98 3.29 31.09 0.71 2.15
Reach-2A 225 10YR 1.85 151.75 152.05 152.01 152.08 0.006966 0.88 2.64 27.52 0.67 1.69
Reach-2A 225 5YR 152 151.75 152.03 151.98 152.06 0.006622 0.81 2.19 25.33 0.64 1.39
Reach-2A 225 2YR 0.95 151.75 151.99 152.01 0.005968 0.69 1.38 9.96 0.59 0.90|
Reach-2A 224 Regional 7.88 151.25 151.72 151.66 151.81 0.005653 1.48 10.93 40.66 0.70 5.74
Reach-2A 224 100YR 3.06 151.25 151.54 151.50 151.60 0.006213 1.11 457 29.00 0.68 2.45
Reach-2A 224 50YR 2.71 151.25 151.53 151.48 151.58 0.005907 1.04 4.19 28.12 0.65 2.15
Reach-2A 224 25YR 2.37 151.25 151.54 151.46 151.57 0.004037 0.88 4.41 28.63 0.54 1.77
Reach-2A 224 10YR 1.85 151.25 151.50 151.43 151.53 0.004450 0.83 335 25.94 0.56 1.39
Reach-2A 224 5YR 1.52 151.25 151.47 151.41 151.50 0.004787 0.79 2.69 22.76 0.56 1.15
Reach-2A 224 2YR 0.95 151.25 151.42 151.37 151.44 0.005379 0.69 1.67 17.12 0.57 0.75
Reach-2A 223 Regional 7.88 150.26 151.01 150.99 151.13 0.008351 1.84 10.11 46.66 0.84 4.69
Reach-2A 223 100YR 3.06 150.26 150.83 150.83 150.92 0.007310 1.42 4.09 30.73 0.75 2.01
Reach-2A 223 50YR 271 150.26 150.80 150.80 150.90 0.007775 1.41 3.31 30.42 0.76 1.77
Reach-2A 223 25YR 2.37 150.26 150.72 150.72 150.87 0.014149 171 1.38 4.64 1.00 1.48
Reach-2A 223 10YR 1.85 150.26 150.67 150.66 150.80 0.013621 1.61 1.15 4.08 0.97 1.17
Reach-2A 223 5YR 152 150.26 150.64 150.62 150.75 0.012983 1.50 1.01 3.87 0.94 0.96
Reach-2A 223 2YR 0.95 150.26 150.56 150.54 150.65 0.012720 1.28 0.74] 3.56 0.90 0.63
Reach-2A 222 Regional 7.88 149.74 150.34 150.30 150.42 0.005874 1.58 13.28 54.52 0.72 352
Reach-2A 222 100YR 3.06 149.74 150.20 150.14 150.25 0.003731 1.02 6.74 42.79 0.54 1.47
Reach-2A 222 50YR 2.71 149.74 150.19 150.12 150.23 0.003668 0.98 5.99 40.92 0.53 1.31
Reach-2A 222 25YR 2.37 149.74 150.17 150.10 150.21 0.003581 0.94 5.26| 39.00 0.52 1.14
Reach-2A 222 10YR 1.85 149.74 150.14 150.04 150.17 0.003379 0.85 411 35.79 0.50 0.90)
Reach-2A 222 5YR 1.52 149.74 150.11 150.00 150.14 0.003313 0.80 321 30.63 0.49 0.75
Reach-2A 222 2YR 0.95 149.74 150.04 149.93 150.07 0.003143 0.71 1.61 16.49 0.46 0.51
Reach-2A 221 Regional 7.88 149.23 149.77 149.70 149.86 0.005346 1.49 9.97 39.84 0.69 2.36
Reach-2A 221 100YR 3.06 149.23 149.52 149.52 149.62 0.012499 1.40 2.65 19.86 0.93 1.00
Reach-2A 221 50YR 2.71 149.23 149.50 149.50 149.59 0.013016 1.36 231 18.55 0.94 0.89
Reach-2A 221 25YR 2.37 149.23 149.48 149.48 149.57 0.013827 1.32 1.96 16.71 0.95 0.78
Reach-2A 221 10YR 1.85 149.23 149.44 149.44 149.53 0.016076 1.28 1.46 9.96 1.00 0.62
Reach-2A 221 5YR 1.52 149.23 149.42 149.42 149.50 0.017022 1.21 1.25 8.52 1.01 0.53
Reach-2A 221 2YR 0.95 149.23 149.38 149.38 149.43 0.018423 1.07 0.89 7.65 1.01 0.38
Reach-2C  |220.3 Regional 8.23 148.25 149.80 149.81 0.000127 0.48 60.38 69.05 0.13 2.02
Reach-2C_ |220.3 100YR 3.20 148.25 149.31 149.31 0.000159 0.41 27.30 64.44 0.13 0.87
Reach-2C  |220.3 50YR 2.83 148.25 149.26 149.27 0.000163 0.40 24.36 63.97 0.13 0.77
Reach-2C 2203 25YR 2.48 148.25 149.22 149.22 0.000164 0.39 21.43 59.80 0.13 0.68|




HEC-RAS Plan: Existing (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-2C |220.3 10YR 1.94 148.25 149.14 149.14 0.000157 0.36 17.19 50.87 0.13 0.55
Reach-2C  |220.3 5YR 1.59 148.25 149.08 149.09 0.000146 0.33 14.60 44.55 0.12 0.47
Reach-2C |220.3 2YR 1.00 148.25 148.98 148.98 0.000111 0.26 10.54 3355 0.10 0.34]
Reach-2C |220.2 Regional 8.23 148.57 149.41 149.41 149.75 0.009405 2.64 3.92 6.98 0.98 0.27
Reach-2C  |220.2 100YR 3.20 148.57 149.07 149.07 149.27 0.011875 1.96 1.81 5.39 0.99 0.07
Reach-2C  |220.2 50YR 2.83 148.57 149.04 149.04 149.22 0.012232 1.89 1.64 5.25 0.99 0.06
Reach-2C |220.2 25YR 2.48 148.57 149.02 149.01 149.18 0.011173 1.74 1.55 5.16 0.94 0.05
Reach-2C 220.2 10YR 1.94 148.57 148.98 148.96 149.10 0.010255 1.54 1.35 4.98 0.88 0.04
Reach-2C |220.2 5YR 1.59 148.57 148.95 148.92 149.05 0.009873 1.41 1.19 4.83 0.85 0.04]
Reach-2C 2202 2YR 1.00 148.57 148.88 148.86 148.95 0.010188 1.19 0.87 451 0.83 0.03
Reach-2C 2201 Regional 8.23 148.25 149.15 149.11 149.22 0.004926 1.39 13.87 63.10 0.65 0.04]
Reach-2C |220.1 100YR 3.20 148.25 148.91 148.84 148.99 0.006765 1.29 3.05 16.59 0.72 0.01
Reach-2C  |220.1 S0YR 2.83 148.25 148.87 148.81 148.96 0.007240 1.28 2.53 15.03 0.74 0.01
Reach-2C |220.1 25YR 2.48 148.25 148.84 148.78 148.92 0.007640 1.27 2.07 10.62 0.75 0.01
Reach-2C |220.1 10YR 1.94 148.25 148.79 148.73 148.86 0.007977 1.21 1.61 6.96 0.75 0.01
Reach-2C 220.1 5YR 1.59 148.25 148.75 148.69 148.82 0.008215 1.16 1.37 5.64 0.75 0.01
Reach-2C |220.1 2YR 1.00 148.25 148.67 148.61 148.72 0.008026 1.04 0.96 454 0.73 0.00|
Reach-2C 220 Regional 8.23 148.25 149.11 149.11 149.21 0.007117 1.62 11.42 61.50 0.77 0.03
Reach-2C 220 100YR 3.20 148.25 148.84 148.84 148.98 0.013104 1.65 2.04] 9.97 0.98 0.01
Reach-2C 220 50YR 2.83 148.25 148.81 148.81 148.94 0.013970 1.64 1.76 8.10 1.00 0.01
Reach-2C 220 25YR 2.48 148.25 148.78 148.78 148.91 0.014458 1.60 1.55 6.36 1.01 0.01
Reach-2C 220 10YR 1.94 148.25 148.73 148.73 148.85 0.014804 1.54 1.26 5.28 1.01 0.01
Reach-2C 220 5YR 1.59 148.25 148.69 148.69 148.80 0.015266 1.49 1.07 4.80 1.01 0.01
Reach-2C 220 2YR 1.00 148.25 148.61 148.61 148.71 0.016304 1.37 0.73 3.93 1.01 0.00|
Reach-1A 210.5 Regional 8.22 155.11 155.53 155.48 155.55 0.006998 0.70 11.69 92.57 0.63 11.12
Reach-1A 2105 100YR 3.34 155.11 155.45 155.42 155.46 0.008320 0.62 5.41 59.22 0.65 5.05
Reach-1A 2105 S0YR 2.95 155.11 155.44 155.41 155.46 0.008501 0.60 4.90) 56.58 0.65 4.52
Reach-1A 2105 25YR 2.59 155.11 155.43 155.40 155.45 0.008816 0.59 4.40| 53.83 0.66 4.01
Reach-1A 2105 10YR 2.04 155.11 155.41 155.39 155.43 0.008922 0.55 3.68 49.66 0.65 3.26
Reach-1A 2105 SYR 1.69 155.11 155.40 155.38 155.42 0.009281 0.53 3.16 46.44 0.65 2.81
Reach-1A 2105 2YR 1.08 155.11 155.38 155.35 155.39 0.009833 0.50 2.14 35.91 0.66 2.00
Reach-1A 210 Regional 8.22 154.96 155.26 155.21 155.30 0.007361 0.93 8.87 48.03 0.69 10.76
Reach-1A 210 100YR 3.34 154.96 155.16 155.19 0.007570 0.72 4.62 37.04 0.65 4.87
Reach-1A 210 50YR 2.95 154.96 155.15 155.17 0.007569 0.70 4.23 35.83 0.65 4.36
Reach-1A 210 25YR 2.59 154.96 155.14 155.16 0.007419 0.67 3.89 34.73 0.64 3.87
Reach-1A 210 10YR 2.04 154.96 155.12 155.14 0.007571 0.62 3.26 32.63 0.63 3.14
Reach-1A 210 5YR 1.69 154.96 155.11 155.13 0.007413 0.59 2.89 31.28 0.62 2.70)
Reach-1A 210 2YR 1.08 154.96 155.08 155.10 0.007391 0.51 2.12 28.37 0.59 1.93
Reach-1A 209 Regional 8.22 154.46 154.74 154.77 0.003402 0.80 15.89 75.38 0.50 9.39
Reach-1A 209 100YR 3.34 154.46 154.63 154.65 0.003394 0.57 8.37 64.87 0.46 4.15
Reach-1A 209 S0YR 2.95 154.46 154.62 154.64 0.003384 0.54 7.68 63.21 0.45 3.70
Reach-1A 209 25YR 2.59 154.46 154.61 154.62 0.003406 0.51 7.00 62.08 0.45 3.26
Reach-1A 209 10YR 2.04 154.46 154.59 154.60 0.003367 0.47 5.96 60.57 0.43 2.63
Reach-1A 209 5YR 1.69 154.46 154.58 154.59 0.003404 0.44 5.21 59.45 0.43 2.25
Reach-1A 209 2YR 1.08 154.46 154.56 154.56 0.003358 0.37 3.83 57.34 0.41 1.60
Reach-1A 208.3 Regional 8.22 152.95 153.39 153.39 153.49 0.015529 1.43 5.73 28.20 1.02 7.22
Reach-1A 208.3 100YR 3.34 152.95 153.27 153.27 153.34 0.017277 1.20 2.78 19.29 1.01 3.04
Reach-1A 208.3 50YR 2.95 152.95 153.25 153.25 153.32 0.017668 1.18 2.50] 18.22 1.02 2.68
Reach-1A 208.3 25YR 2.59 152.95 153.24 153.24 153.30 0.017639 1.14 2.26 17.23 1.01 2.34
Reach-1A 208.3 10YR 2.04 152.95 153.21 153.21 153.27 0.018454 1.10 1.85 15.36 1.02 1.84
Reach-1A 208.3 5YR 1.69 152.95 153.20 153.20 153.25 0.018459 1.05 1.60 14.28 1.00 1.57
Reach-1A 208.3 2YR 1.08 152.95 153.16 153.16 153.21 0.02012 0.98 1.11 11.82 1.02 1.10
Reach-1A 208.2 Regional 8.22 152.50 152.97 153.02 0.005186 1.01 8.16 29.95 0.62 6.87
Reach-1A 208.2 100YR 3.34 152.50 152.84 152.86 0.003706 0.71 473 23.00 0.50 2.85
Reach-1A 208.2 S0YR 2.95 152.50 152.83 152.85 0.003354 0.66 4.48 22.44 0.47 251
Reach-1A 208.2 25YR 2.59 152.50 152.82 152.84 0.003010 0.61 4.24] 21.87 0.44 2.17
Reach-1A 208.2 10YR 2.04 152.50 152.79 152.81 0.002619 0.55 3.74 20.68 0.41 1.70
Reach-1A 208.2 5YR 1.69 152.50 152.78 152.79 0.002247 0.49 3.45 19.94 0.38 1.44
Reach-1A 208.2 2YR 1.08 152.50 152.74 152.75 0.001701 0.39 2.75 18.01 0.32 1.01
Reach-1A 208.1 Regional 8.22 152.50 152.86 152.89 0.002501 0.81 11.61 41.89 0.44 6.52
Reach-1A 208.1 100YR 3.34 152.50 152.68 152.70 0.005502 0.72 4.82 33.67 0.58 2.68
Reach-1A 208.1 50YR 2.95 152.50 152.66 152.62 152.68 0.006636 0.72 4.18 32.79 0.62 2.35
Reach-1A 208.1 25YR 2.59 152.50 152.64 152.61 152.67 0.008196 0.73 3.60 31.97 0.68 2.03
Reach-1A 208.1 10YR 2.04 152.50 152.62 152.60 152.64 0.010360 0.71 2.88 30.91 0.73 1.58
Reach-1A 208.1 5YR 1.69 152.50 152.60 152.59 152.63 0.013743 0.72 2.35 30.12 0.82 1.34
Reach-1A 208.1 2YR 1.08 152.50 152.57 152.57 152.60 0.024560 0.73 1.48 28.59 1.02 0.93
Reach-1A 208 Regional 8.22 151.00 152.20 152.20 152.43 0.009902 2.14 477 16.09 0.92 5.70
Reach-1A 208 100YR 3.34 151.00 152.02 151.92 152.11 0.006207 1.31 2.57 8.51 0.68 2.31
Reach-1A 208 S0YR 2.95 151.00 152.01 151.88 152.09 0.005402 1.20 2.47 7.88 0.63 2.02
Reach-1A 208 25YR 2.59 151.00 152.00 152.06 0.004645 1.09 2.38 7.35 0.59 1.73
Reach-1A 208 10YR 2.04 151.00 151.95 152.00 0.004357 1.00 2.03 6.19 0.56 1.34
Reach-1A 208 5YR 1.69 151.00 151.91 151.95 0.003944 0.93 1.82 5.72 0.53 1.13
Reach-1A 208 2YR 1.08 151.00 151.83 151.86 0.003012 0.77 1.39 4.66 0.45 0.79




HEC-RAS Plan: Existing (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1A 207 Regional 8.22 150.25 151.04 151.08 0.002429 0.91 17.33 55.67 0.45 3.57
Reach-1A 207 100YR 3.34 150.25 150.82 150.79 150.86 0.006329 0.95 5.71 48.94 0.65 1.50
Reach-1A 207 50YR 2.95 150.25 150.80 150.78 150.85 0.007362 0.97 4.63 48.28 0.69 1.32
Reach-1A 207 25YR 2.59 150.25 150.78 150.76 150.83 0.008847 1.00 3.55 47.59 0.75 1.15
Reach-1A 207 10YR 2.04 150.25 150.75 150.71 150.80 0.009123 0.94 2.40) 46.83 0.75 0.90|
Reach-1A 207 5YR 1.69 150.25 150.72 150.70 150.77 0.010314 0.94 1.79 12.07 0.78 0.78
Reach-1A 207 2YR 1.08 150.25 150.65 150.65 150.71 0.015785 1.02 1.06 8.62 0.93 0.55
Reach-1A 206.3 Regional 10.29 149.49 150.48 150.46 150.69 0.006476 2.20 9.50 27.72 0.80 2.33
Reach-1A 206.3 100YR 4.18 149.49 150.26 150.13 150.37 0.004526 1.47 4.06 21.39 0.63 1.05
Reach-1A 206.3 50YR 3.71 149.49 150.23 150.09 150.33 0.004340 1.39 352 18.83 0.61 0.94]
Reach-1A 206.3 25YR 3.26 149.49 150.20 150.06 150.29 0.004170 1.31 3.01 15.64 0.60 0.84]
Reach-1A 206.3 10YR 2.57 149.49 150.12 150.20 0.004844 1.25 2.09 7.44 0.62 0.69
Reach-1A 206.3 5YR 2.13 149.49 150.08 150.15 0.004811 1.17 1.83 4.93 0.61 0.60|
Reach-1A 206.3 2YR 1.37 149.49 149.98 150.03 0.004522 1.01 1.35 431 0.58 0.43
Reach-1A 206.2 Regional 10.29 149.25 150.24 150.35 0.006463 1.50 8.93 27.92 0.74 1.91
Reach-1A 206.2 100YR 4.18 149.25 150.05 150.11 0.005697 1.14 4.07 21.52 0.65 0.86
Reach-1A 206.2 50YR 3.71 149.25 150.02 150.08 0.005549 1.10 3.59 20.86 0.64 0.78
Reach-1A 206.2 25YR 3.26 149.25 150.00 150.05 0.005370 1.05 3.09 10.78 0.63 0.70|
Reach-1A 206.2 10YR 2.57 149.25 149.93 149.98 0.004073 1.04 2.47 7.07 0.56 0.58
Reach-1A 206.2 5YR 2.13 149.25 149.90 149.94 0.003604 0.95 2.25 6.75 0.52 0.51
Reach-1A 206.2 2YR 1.37 149.25 149.83 149.86 0.002521 0.74 1.85 6.14 0.43 0.36
Reach-1A 206.1 Regional 10.29 149.00 150.00 150.10 0.004737 1.43 10.08 30.27 0.64 1.48
Reach-1A 206.1 100YR 4.18 149.00 149.78 149.72 149.84 0.006152 1.11 4.19 21.02 0.66 0.67
Reach-1A 206.1 50YR 3.71 149.00 149.76 149.82 0.006234 1.06 3.78 19.63 0.66 0.61
Reach-1A 206.1 25YR 3.26 149.00 149.75 149.80 0.006074 1.00 3.45 18.39 0.64 0.55
Reach-1A 206.1 10YR 2.57 149.00 149.71 149.65 149.75 0.006355 0.92 2.85 15.67 0.64 0.46
Reach-1A 206.1 5YR 2.13 149.00 149.68 149.63 149.72 0.006798 0.88 2.44] 14.24 0.65 0.40|
Reach-1A 206.1 2YR 1.37 149.00 149.60 149.58 149.65 0.011888 0.95 1.44 10.30 0.81 0.28
Reach-1 205 Regional 19.22 147.24 148.41 148.41 148.77 0.010592 2.63 7.32 10.57 1.01 52.71
Reach-1 205 100YR 7.64 147.24 148.04 148.04 148.25 0.01208: 2.06 3.70 8.54 1.00 19.91
Reach-1 205 50YR 6.77 147.24 148.00 148.00 148.20 0.012332 2.00 3.39 8.32 1.00 16.52
Reach-1 205 25YR 5.94 147.24 147.96 147.96 148.15 0.013010 1.95 3.04] 8.08 1.02 15.15
Reach-1 205 10YR 4.67 147.24 147.90 147.90 148.07 0.013148 1.81 2.58 7.75 1.00 11.27
Reach-1 205 5YR 3.85 147.24 147.86 147.85 148.00 0.012918 1.69 2.28 7.53 0.98 9.18
Reach-1 205 2YR 2.45 147.24 147.80 147.89 0.009540 1.31 1.87 7.21 0.82 6.60
Reach-1 204.75 Regional 19.22 146.00 147.79 147.92 0.001853 1.62 17.25 28.41 0.46 50.90
Reach-1 204.75 100YR 7.64 146.00 147.29 147.35 0.001808 1.15 7.74 15.04 0.42 19.07
Reach-1 204.75 50YR 6.77 146.00 147.19 147.26 0.002199 1.18 6.34 13.88 0.46 15.80
Reach-1 204.75 25YR 5.94 146.00 147.10 147.17 0.002697 1.21 5.14 11.97 0.49 14.55
Reach-1 204.75 10YR 4.67 146.00 146.95 147.03 0.003674 1.24 3.75 7.48 0.56 10.81
Reach-1 204.75 5YR 3.85 146.00 146.85 146.93 0.004555 1.26 3.05 6.98 0.61 8.79
Reach-1 204.75 2YR 2.45 146.00 146.68 146.76 0.006304 1.26 1.95 5.76 0.69 6.32
Reach-1 204.7 Regional 19.22 145.80 147.75 147.23 147.81 0.000687 1.15 24.50 34.03 0.29 49.34
Reach-1 204.7 100YR 7.64 145.80 147.02 146.57 147.17 0.002359 1.74 4.39 14.52 0.50 18.44
Reach-1 204.7 50YR 6.77 145.80 146.93 146.51 147.07 0.002423 1.67 4.05 13.52 0.50 15.27
Reach-1 204.7 25YR 5.94 145.80 146.83 146.45 146.96 0.002495 1.60 371 11.72 0.50 14.11
Reach-1 204.7 10YR 4.67 145.80 146.68 146.36 146.79 0.002633 1.48 3.16 9.39 0.50 10.48
Reach-1 204.7 5YR 3.85 145.80 146.57 146.29 146.67 0.002750 1.38 2.78 8.44 0.50 8.52
Reach-1 204.7 2YR 2.45 145.80 146.37 146.16 146.44 0.003043 1.19 2.06 6.73 0.50 6.15
Reach-1 204.6 Culvert

Reach-1 204.55 Regional 19.22 145.40 146.83 146.83 147.54 0.009531 3.74 5.14 25.62 1.00 49.14
Reach-1 204.55 100YR 7.64 145.40 146.32 146.17 146.59 0.006478 2.30 332 10.02 0.77 18.37
Reach-1 204.55 50YR 6.77 145.40 146.29 146.11 146.52 0.005689 2.11 321 9.65 0.71 15.21
Reach-1 204.55 25YR 5.94 145.40 146.25 146.05 146.44 0.005046 1.93 3.08 9.20 0.67 14.06
Reach-1 204.55 10YR 4.67 145.40 146.20 145.96 146.33 0.003873 1.62 2.88 8.86 0.58 10.43
Reach-1 204.55 5YR 3.85 145.40 146.15 145.89 146.25 0.003263 1.42 2.70 8.56 0.53 8.48
Reach-1 204.55 2YR 2.45 145.40 146.04 145.76 146.10 0.002285 1.07 2.29 7.67 0.43 6.12
Reach-1 204.5 Regional 19.22 145.36 146.56 146.52 146.78 0.008143 2.07 10.05 23.76 0.87 48.92
Reach-1 204.5 100YR 7.64 145.36 146.27 146.39 0.006973 1.55 4.94 11.75 0.76 18.27
Reach-1 204.5 50YR 6.77 145.36 146.24 146.35 0.006542 1.49 453 10.79 0.74 15.12
Reach-1 204.5 25YR 5.94 145.36 146.19 146.30 0.006201 1.45 4.09 9.77 0.72 13.97
Reach-1 204.5 10YR 4.67 145.36 146.14 146.23 0.005398 1.30 3.60 9.17 0.66 10.36
Reach-1 204.5 5YR 3.85 145.36 146.09 146.17 0.005322 1.23 3.13 8.56 0.65 8.42
Reach-1 204.5 2YR 2.45 145.36 145.96 146.03 0.005747 1.13 2.16 7.06 0.65 6.08
Reach-1 204.25 Regional 19.22 145.11 146.31 146.31 146.56 0.009040 2.45 14.01 30.94 0.93 48.62
Reach-1 204.25 100YR 7.64 145.11 146.02 146.02 146.19 0.009580 1.87 5.92 23.97 0.89 18.14
Reach-1 204.25 50YR 6.77 145.11 145.99 145.99 146.15 0.009680 1.81 5.21 23.09 0.89 15.00
Reach-1 204.25 25YR 5.94 145.11 145.95 145.95 146.11 0.009243 1.80 4.28 19.93 0.87 13.87
Reach-1 204.25 10YR 4.67 145.11 145.84 145.84 146.02 0.011776 1.89 2.61 11.13 0.97 10.28
Reach-1 204.25 5YR 3.85 145.11 145.77 145.77 145.95 0.013458 1.90 2.03 5.70 1.02 8.35
Reach-1 204.25 2YR 2.45 145.11 145.66 145.66 145.81 0.014044 1.72 1.43 4.82 1.01 6.03
Reach-1 204 Regional 19.22 144.05 145.09 145.09 145.38 0.009668 2.87 14.36 25.22 1.01 47.23
Reach-1 204 100YR 7.64 144.05 144.80 144.80 144.97 0.008893 2.05 7.24 23.17 0.90 17.50




HEC-RAS Plan: Existing (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1 204 50YR 6.77 144.05 144.76 144.76 144.93 0.009105 1.99 6.47 22.94 0.90 14.44
Reach-1 204 25YR 5.94 144.05 144.72 144.72 144.88 0.010018 1.96 5.51 21.76 0.93 13.40
Reach-1 204 10YR 4.67 144.05 144.66 144.66 144.81 0.010227 1.82 437 19.84 0.92 9.95
Reach-1 204 5YR 3.85 144.05 144.63 144.63 144.76 0.010173 1.70 3.65 18.53 0.90 8.09
Reach-1 204 2YR 2.45 144.05 144.54 144.54 144.65 0.011206 1.50 2.22 15.61 0.90 5.86
Reach-1 203 Regional 20.34 142.50 145.01 145.04 0.000412 0.90 36.80 39.21 0.23 45.63
Reach-1 203 100YR 8.16 142.50 143.71 143.71 143.92 0.013003 2.02 4.04] 10.00 1.01 17.15
Reach-1 203 50YR 7.22 142.50 143.67 143.67 143.87 0.012975 1.99 3.62 9.08 1.01 14.12
Reach-1 203 25YR 6.34 142.50 143.54 143.54 143.82 0.013101 2.33 2.73 5.32 1.04 13.15
Reach-1 203 10YR 4.99 142.50 143.46 143.46 143.70 0.012524 2.17 2.30 4.81 1.00 9.75
Reach-1 203 5YR 4.10 142.50 143.38 143.38 143.61 0.013015 2.09 1.96 4.44 1.01 7.91
Reach-1 203 2YR 2.61 142.50 143.23 143.23 143.42 0.014042 1.92 1.36 3.70 1.01 5.75
Reach-1 202.75 Regional 20.34 142.43 144.67 143.85 144.95 0.001783 2.36 8.63 35.92 0.50 44.78
Reach-1 202.75 100YR 8.16 142.43 143.65 143.20 143.80 0.002188 1.74 4.69 27.66 0.50 16.93
Reach-1 202.75 50YR 7.22 142.43 14355 143.14 143.70 0.002248 1.67 4.32 26.88 0.50 13.93
Reach-1 202.75 25YR 6.34 142.43 143.46 143.08 143.59 0.002315 1.60 3.96 25.28 0.50 12.98
Reach-1 202.75 10YR 4.99 142.43 143.31 142.99 143.42 0.002442 1.48 3.38 20.87 0.50 9.62
Reach-1 202.75 5YR 4.10 142.43 143.20 142.92 143.30 0.002552 1.38 2.96 17.89 0.50 7.81
Reach-1 202.75 2YR 2.61 142.43 143.00 142.79 143.07 0.002823 1.19 2.19 14.99 0.50 5.69
Reach-1 202.5 Culvert

Reach-1 202.25 Regional 20.34 142.28 143.69 143.69 144.41 0.015353 3.74 5.44] 4.41 1.00 43.84
Reach-1 202.25 100YR 8.16 142.28 143.05 143.05 143.44 0.015075 2.75 2.97 3.85 1.00 16.53
Reach-1 202.25 50YR 7.22 142.28 142.99 142.99 143.35 0.015004 2.64 2.74 3.85 1.00 13.57
Reach-1 202.25 25YR 6.34 142.28 142.93 142.93 143.26 0.014956 2.52 2.51 3.85 1.00 12.67
Reach-1 202.25 10YR 4.99 142.28 142.83 142.83 143.11 0.015154 2.34 2.13 3.85 1.00 9.37
Reach-1 202.25 5YR 4.10 142.28 142.77 142.77 143.01 0.015225 2.19 1.87 3.85 1.00 7.60
Reach-1 202.25 2YR 2.61 142.28 142.70 142.64 142.83 0.009657 1.61 1.62 3.85 0.79 5.54
Reach-1 202 Regional 20.34 142.20 143.24 143.30 0.001777 1.33 29.18 49.31 0.44 43.49
Reach-1 202 100YR 8.16 142.20 142.70 142.70 142.85 0.010594 1.80 6.29 26.77 0.93 16.44
Reach-1 202 50YR 7.22 142.20 142.67 142.67 142.81 0.010874 1.74 5.60 25.20 0.93 13.49
Reach-1 202 25YR 6.34 142.20 142.64 142.64 142.78 0.011881 1.70 4.82 22.43 0.96 12.60
Reach-1 202 10YR 4.99 142.20 142.60 142.60 142.72 0.011592 1.55 4.01 20.98 0.93 9.31
Reach-1 202 5YR 4.10 142.20 142.57 142.57 142.67 0.012252 1.47 3.35 19.88 0.93 7.55
Reach-1 202 2YR 2.61 142.20 14251 142.51 142.59 0.013697 1.29 2.18 18.14 0.94 5.51
Reach-1 201 Regional 20.34 141.65 143.21 143.25 0.000587 1.03 37.18 39.45 0.27 42.01
Reach-1 201 100YR 8.16 141.65 142.60 142.64 0.000895 0.89 15.07 31.97 0.31 15.94
Reach-1 201 50YR 7.22 141.65 142.53 142.56 0.001027 0.90 12.74 30.78 0.33 13.06
Reach-1 201 25YR 6.34 141.65 142.50 142.53 0.000928 0.83 11.86 3031 0.31 12.21
Reach-1 201 10YR 4.99 141.65 142.40 142.43 0.001020 0.79 9.02 25.76 0.31 9.00|
Reach-1 201 5YR 4.10 141.65 142.34 142.36 0.001004 0.74 7.55 23.14 0.31 7.29
Reach-1 201 2YR 2.61 141.65 142.25 142.27 0.000742 0.57 5.70) 19.41 0.26 5.32
Reach-1 171 Regional 28.90 141.65 142.97 142.70 143.11 0.002516 1.90 27.97 37.97 0.55 38.99
Reach-1 171 100YR 8.17 141.65 142.44 142.21 142.50 0.002213 1.21 9.98 27.36 0.47 14.77
Reach-1 171 50YR 6.60 141.65 142.36 142.15 142.42 0.002210 1.13 8.15 24.25 0.46 12.09
Reach-1 171 25YR 6.10 141.65 142.34 142.13 142.40 0.002202 1.10 7.58 23.20 0.46 11.30
Reach-1 171 10YR 4.37 141.65 142.25 142.05 142.29 0.002182 0.97 5.57 19.13 0.44 8.32
Reach-1 171 5YR 3.52 141.65 142.19 142.01 142.23 0.002166 0.89 4.59 16.80 0.43 6.72
Reach-1 171 2YR 2.57 141.65 142.12 141.95 142.15 0.002101 0.79 3.54 13.88 0.41 4.88
Reach-1 170 Bridge

Reach-1 169 Regional 28.90 141.65 142.70 142.70 142.99 0.007134 271 18.27 33.54 0.89 38.49
Reach-1 169 100YR 8.17 141.65 142.21 142.21 142.40 0.009752 1.96 4.98 17.76 0.92 14.61
Reach-1 169 50YR 6.60 141.65 142.15 142.15 142.32 0.010567 1.86 3.98 15.15 0.94 11.95
Reach-1 169 25YR 6.10 141.65 142.13 142.13 142.30 0.011146 1.83 3.63 14.16 0.95 11.17
Reach-1 169 10YR 4.37 141.65 142.05 142.05 142.19 0.013010 1.69 2.63 10.71 0.99 8.23
Reach-1 169 5YR 3.52 141.65 142.01 142.01 142.13 0.014215 1.59 2.21 8.88 1.01 6.65
Reach-1 169 2YR 2.57 141.65 141.95 141.95 142.06 0.014892 1.45 177 8.23 1.00 4.83
Reach-1 164 Regional 28.90 138.30 139.25 139.39 0.007256 1.51 18.32 23.62 0.61 35.35
Reach-1 164 100YR 8.17 138.30 138.83 138.86 0.002624 0.51 10.37 14.75 0.32 13.27
Reach-1 164 50YR 6.60 138.30 138.74 138.76 0.002349 0.41 9.12 13.62 0.29 10.81
Reach-1 164 25YR 6.10 138.30 138.69 138.72 0.002374 0.38 8.50) 12.97 0.29 10.12
Reach-1 164 10YR 437 138.30 138.54 138.56 0.002100 0.28 6.77 10.44 0.25 7.41
Reach-1 164 5YR 3.52 138.30 138.46 138.47 0.001886 0.19 5.92 9.30 0.22 5.94]
Reach-1 164 2YR 2.57 138.30 138.34 138.36 0.001562 0.07 4.96 7.74 0.16 4.24]
Reach-1 163 Regional 28.90 137.20 138.47 138.55 0.005133 1.90 30.33 59.32 0.57 32.03
Reach-1 163 100YR 8.17 137.20 138.08 137.99 138.23 0.009915 1.99 7.75 50.21 0.74 12.04
Reach-1 163 50YR 6.60 137.20 138.02 137.97 138.17 0.010628 1.93 5.32 22.77 0.76 9.83
Reach-1 163 25YR 6.10 137.20 137.99 137.97 138.13 0.010185 1.84 4.82 15.66 0.74 9.21
Reach-1 163 10YR 4.37 137.20 137.90 137.86 138.02 0.009858 1.65 3.61 13.13 0.71 6.70
Reach-1 163 5YR 3.52 137.20 137.84 137.80 137.96 0.010879 1.59 2.82 11.19 0.73 5.34]
Reach-1 163 2YR 2.57 137.20 137.74 137.72 137.86 0.015146 1.60 1.81 8.05 0.82 3.77
Reach-1 162 Regional 28.90 135.60 136.76 136.76 137.01 0.016983 3.06 16.52 33.14 1.02 27.93
Reach-1 162 100YR 8.17 135.60 136.46 136.55 0.008365 1.65 8.05 23.23 0.67 10.63




HEC-RAS Plan: Existing (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-1 162 50YR 6.60 135.60 136.42 136.32 136.49 0.007713 1.51 7.02 21.71 0.63 8.72
Reach-1 162 25YR 6.10 135.60 136.39 136.46 0.007886 1.48 6.54 20.96 0.64 8.19
Reach-1 162 10YR 4.37 135.60 136.32 136.38 0.007899 1.34 5.01 18.41 0.62 5.92
Reach-1 162 5YR 3.52 135.60 136.28 136.33 0.007036 1.21 4.42 17.31 0.58 4.68
Reach-1 162 2YR 2.57 135.60 136.25 136.28 0.005238 0.99 3.87 16.23 0.49 3.25
Reach-1 161 Regional 28.90 134.10 135.30 135.17 135.36 0.005788 1.77 31.56 67.18 0.58 24.00
Reach-1 161 100YR 8.17 134.10 134.98 134.98 135.07 0.008814 1.68 10.93 62.89 0.67 9.05
Reach-1 161 50YR 6.60 134.10 134.95 134.95 135.03 0.009136 1.64 8.64 54.87 0.68 7.42
Reach-1 161 25YR 6.10 134.10 134.94 134.94 135.02 0.008737 1.59 8.14] 52.96 0.66 6.96
Reach-1 161 10YR 4.37 134.10 134.89 134.89 134.97 0.008112 1.44 5.85 43.08 0.63 5.00
Reach-1 161 5YR 3.52 134.10 134.85 134.85 134.93 0.008870 1.43 4.23 34.42 0.65 3.94
Reach-1 161 2YR 2.57 134.10 134.76 134.69 134.87 0.012829 1.52 2.03 16.61 0.76 2.74]
Reach-1 160 Regional 28.90 132.50 134.02 134.06 0.003131 1.45 37.31 64.17 0.42 13.44
Reach-1 160 100YR 8.17 132.50 133.61 133.64 0.002166 0.99 15.54 41.27 0.33 4.97
Reach-1 160 50YR 6.60 132.50 133.54 133.57 0.002221 0.96 12.79 37.14 0.33 4.10|
Reach-1 160 25YR 6.10 132.50 133.52 133.29 133.54 0.002198 0.94 11.99 35.85 0.33 3.84
Reach-1 160 10YR 4.37 132.50 133.41 133.44 0.002411 0.92 8.52 29.61 0.34 2.77
Reach-1 160 5YR 3.52 132.50 133.35 133.38 0.002582 0.91 6.73 25.80 0.35 2.23
Reach-1 160 2YR 2.57 132.50 133.28 133.30 0.002499 0.84 5.01 21.54 0.34 1.63




HEC-RAS Model Results for
14W-16, 14W-14, 14W-12A
and 14W-12------- Phase 1A
Condition (Controlled
Flow)



HEC-RAS Plan: Control P1A

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-2A 228 Regional 7.88 153.98 154.23 154.26 0.005679 0.82 9.64] 51.91 0.61 9.67
Reach-2A 228 100YR 3.06 153.98 154.12 154.14 0.007080 0.65 4.70| 41.99 0.62 4.28
Reach-2A 228 50YR 2.71 153.98 154.11 154.13 0.007245 0.63 431 41.21 0.62 3.82
Reach-2A 228 25YR 2.37 153.98 154.11 154.13 0.005918 0.56 421 41.02 0.56 3.27
Reach-2A 228 10YR 1.85 153.98 154.09 154.11 0.006451 0.53 3.49 39.53 0.57 2.63
Reach-2A 228 5YR 1.52 153.98 154.08 154.09 0.007092 0.51 2.98 38.45 0.59 2.21
Reach-2A 228 2YR 0.95 153.98 154.06 154.04 154.07 0.008712 0.46 2.06 36.21 0.62 1.48
Reach-2A 227 Regional 7.88 153.04 153.33 153.32 153.43 0.01322! 1.41 6.09 33.73 0.95 8.89
Reach-2A 227 100YR 3.06 153.04 153.24 153.22 153.28 0.010626 0.91 341 27.18 0.79 3.88
Reach-2A 227 50YR 2.71 153.04 153.23 153.21 153.27 0.010447 0.86 3.16 26.50 0.77 3.45
Reach-2A 227 25YR 2.37 153.04 153.21 153.20 153.25 0.014192 0.90 2.63 24.96 0.87 2.93
Reach-2A 227 10YR 1.85 153.04 153.20 153.18 153.23 0.012560 0.79 2.34] 24.04 0.81 2.34]
Reach-2A 227 5YR 1.52 153.04 153.19 153.17 153.21 0.011177 0.71 2.13 23.30 0.75 1.96
Reach-2A 227 2YR 0.95 153.04 153.17 153.15 153.18 0.008941 0.57 1.67 21.61 0.66 1.29
Reach-2A 226 Regional 7.88 152.44 152.74 152.77 0.003714 0.76 10.43 45.96 0.51 8.06
Reach-2A 226 100YR 3.06 152.44 152.62 152.63 0.004283 0.59 5.22 37.44 0.50 3.45
Reach-2A 226 50YR 2.71 152.44 152.61 152.62 0.004293 0.56 4.81 36.69 0.50 3.05
Reach-2A 226 25YR 2.37 152.44 152.60 152.62 0.003509 0.50 4.70| 36.49 0.45 2.56
Reach-2A 226 10YR 1.85 152.44 152.58 152.59 0.003802 0.48 3.89 34.94 0.46 2.03
Reach-2A 226 5YR 1.52 152.44 152.56 152.52 152.57 0.004079 0.45 3.34 33.85 0.46 1.68
Reach-2A 226 2YR 0.95 152.44 152.53 152.54 0.004792 0.41 2.34 31.69 0.48 1.09
Reach-2A 225 Regional 7.88 151.75 152.28 152.34 0.004966 1.27 12.52 56.45 0.64 6.91
Reach-2A 225 100YR 3.06 151.75 152.12 152.16 0.005177 0.93 5.12 36.80 0.60 2.93
Reach-2A 225 50YR 2.71 151.75 152.10 152.05 152.14 0.005411 0.91 4.48 34.74 0.61 2.59
Reach-2A 225 25YR 2.37 151.75 152.07 152.04 152.11 0.007584 0.98 3.29 31.09 0.71 2.16
Reach-2A 225 10YR 1.85 151.75 152.05 152.01 152.08 0.006966 0.88 2.64] 27.52 0.67 1.70
Reach-2A 225 5YR 152 151.75 152.03 151.98 152.06 0.006622 0.81 2.19 25.33 0.64 1.41
Reach-2A 225 2YR 0.95 151.75 151.99 152.01 0.005968 0.69 1.38 9.96 0.59 0.91
Reach-2A 224 Regional 7.88 151.25 151.72 151.66 151.81 0.005653 1.48 10.93 40.66 0.70 5.74]
Reach-2A 224 100YR 3.06 151.25 151.54 151.50 151.60 0.006213 1.11 4.57 29.00 0.68 2.45
Reach-2A 224 50YR 2.71 151.25 151.53 151.48 151.58 0.005907 1.04 4.19 28.12 0.65 2.15
Reach-2A 224 25YR 2.37 151.25 151.54 151.46 151.57 0.004037 0.88 4.41 28.63 0.54 1.78
Reach-2A 224 10YR 1.85 151.25 151.50 151.43 151.53 0.004450 0.83 3.35 25.94 0.56 1.40
Reach-2A 224 5YR 1.52 151.25 151.47 151.41 151.50 0.004787 0.79 2.69 22.76 0.56 1.16
Reach-2A 224 2YR 0.95 151.25 151.42 151.37 151.44 0.005379 0.69 1.67 17.12 0.57 0.75
Reach-2A 223 Regional 7.88 150.26 151.01 150.99 151.13 0.008351 1.84 10.11 46.66 0.84 4.69
Reach-2A 223 100YR 3.06 150.26 150.83 150.83 150.92 0.007310 1.42 4.09 30.73 0.75 2.01
Reach-2A 223 50YR 271 150.26 150.80 150.80 150.90 0.007775 1.41 3.31 30.42 0.76 1.78
Reach-2A 223 25YR 2.37 150.26 150.72 150.72 150.87 0.014149 171 1.38 4.64 1.00 1.49
Reach-2A 223 10YR 1.85 150.26 150.67 150.66 150.80 0.013621 1.61 1.15 4.08 0.97 1.18
Reach-2A 223 5YR 152 150.26 150.64 150.62 150.75 0.012983 1.50 1.01 3.87 0.94 0.98
Reach-2A 223 2YR 0.95 150.26 150.56 150.54 150.65 0.012720 1.28 0.74] 3.56 0.90 0.63
Reach-2A 222 Regional 7.88 149.74 150.34 150.30 150.42 0.005874 1.58 13.28 54.52 0.72 352
Reach-2A 222 100YR 3.06 149.74 150.20 150.14 150.25 0.003731 1.02 6.74 42.79 0.54 1.47
Reach-2A 222 50YR 2.71 149.74 150.19 150.12 150.23 0.003668 0.98 5.99 40.92 0.53 1.31
Reach-2A 222 25YR 2.37 149.74 150.17 150.10 150.21 0.003581 0.94 5.26 39.00 0.52 1.15
Reach-2A 222 10YR 1.85 149.74 150.14 150.04 150.17 0.003379 0.85 411 35.79 0.50 0.92
Reach-2A 222 5YR 1.52 149.74 150.11 150.00 150.14 0.003313 0.80 3.21 30.63 0.49 0.77
Reach-2A 222 2YR 0.95 149.74 150.04 149.93 150.07 0.003143 0.71 1.61 16.49 0.46 0.52
Reach-2A 221 Regional 7.88 149.23 149.77 149.70 149.86 0.005346 1.49 9.97 39.84 0.69 2.36
Reach-2A 221 100YR 3.06 149.23 149.52 149.52 149.62 0.012499 1.40 2.65 19.86 0.93 1.00
Reach-2A 221 50YR 2.71 149.23 149.50 149.50 149.59 0.013016 1.36 231 18.55 0.94 0.90|
Reach-2A 221 25YR 2.37 149.23 149.48 149.48 149.57 0.013827 1.32 1.96 16.71 0.95 0.79
Reach-2A 221 10YR 1.85 149.23 149.44 149.44 149.53 0.016076 1.28 1.46 9.96 1.00 0.64]
Reach-2A 221 5YR 152 149.23 149.42 149.42 149.50 0.017022 1.21 1.25 8.52 1.01 0.54]
Reach-2A 221 2YR 0.95 149.23 149.38 149.38 149.43 0.018423 1.07 0.89 7.65 1.01 0.39
Reach-2B 2311 Regional 8.23 148.25 149.80 149.81 0.000200 0.60 46.06 58.53 0.16 0.28
Reach-2B 231.1 100YR 3.20 148.25 149.31 149.31 0.000225 0.48 19.73 44.11 0.16 0.12
Reach-2B 231.1 50YR 2.83 148.25 149.26 149.27 0.000219 0.46 17.85 41.95 0.15 0.11
Reach-2B 2311 25YR 2.48 148.25 149.22 149.23 0.00021 0.44 16.06 39.79 0.15 0.10
Reach-2B 231.1 10YR 1.94 148.25 149.15 149.15 0.000196 0.40 13.25 36.13 0.14 0.08
Reach-28 231.1 5YR 1.59 148.25 149.09 149.10 0.000181 0.37 11.39 33.48 0.14 0.07
Reach-2B 231.1 2YR 1.00 148.25 148.99 148.99 0.000143 0.29 8.13 28.21 0.12 0.05
Reach-2B 231 Regional 8.23 148.25 149.80 149.81 0.000200 0.60 46.05 58.52 0.16 0.23
Reach-2B 231 100YR 3.20 148.25 149.31 149.31 0.000225 0.48 19.72 44.10 0.16 0.10|
Reach-2B 231 50YR 2.83 148.25 149.26 149.27 0.000219 0.46 17.84 41.94 0.15 0.09
Reach-2B 231 25YR 2.48 148.25 149.22 149.23 0.000212 0.44 16.05 39.77 0.15 0.08
Reach-28 231 10YR 1.94 148.25 149.15 149.15 0.000196 0.40 13.24 36.12 0.14 0.07
Reach-2B 231 5YR 1.59 148.25 149.09 149.10 0.000181 0.37 11.39 33.47 0.14 0.06
Reach-2B 231 2YR 1.00 148.25 148.99 148.99 0.000143 0.29 8.13 28.20 0.12 0.04]
Reach-2C  |220.3 Regional 8.23 148.25 149.80 149.81 0.000127 0.48 60.38 69.05 0.13 2.09
Reach-2C_ |220.3 100YR 3.20 148.25 149.31 149.31 0.000160 0.41 27.28 64.44 0.13 0.89
Reach-2C  |220.3 50YR 2.83 148.25 149.26 149.27 0.000162 0.40 24.46 63.99 0.13 0.80)
Reach-2C 2203 25YR 2.48 148.25 149.22 149.22 0.000160 0.38 21.71 60.35 0.13 071




HEC-RAS Plan: Control P1A (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-2C |220.3 10YR 1.94 148.25 149.15 149.15 0.000150 0.35 17.56 51.71 0.13 0.58
Reach-2C  |220.3 5YR 1.59 148.25 149.09 149.10 0.000139 0.32 14.96 45.47 0.12 0.50]
Reach-2C |220.3 2YR 1.00 148.25 148.99 148.99 0.000105 0.25 10.80 33.98 0.10 0.36
Reach-2C |220.2 Regional 8.23 148.57 149.41 149.41 149.75 0.009405 2.64 3.92 6.98 0.98 0.33
Reach-2C  |220.2 100YR 3.20 148.57 149.11 149.07 149.27 0.008910 1.80 2.00 5.55 0.87 0.09
Reach-2C  |220.2 50YR 2.83 148.57 149.09 149.23 0.008103 1.67 1.90 5.47 0.83 0.08
Reach-2C |220.2 25YR 2.48 148.57 149.07 149.01 149.19 0.007587 1.55 1.77 5.36 0.79 0.07
Reach-2C 220.2 10YR 1.94 148.57 149.02 149.12 0.007054 1.38 153 5.15 0.75 0.06|
Reach-2C |220.2 5YR 1.59 148.57 148.98 149.06 0.006843 1.26 1.35 4.98 0.72 0.05
Reach-2C 2202 2YR 1.00 148.57 148.91 148.97 0.006874 1.05 0.99 4.63 0.69 0.04]
Reach-2C 2201 Regional 8.23 148.25 149.15 149.11 149.22 0.004926 1.39 13.87 63.10 0.65 0.04]
Reach-2C |220.1 100YR 3.20 148.25 148.91 148.84 148.99 0.006765 1.29 3.05 16.59 0.72 0.01
Reach-2C  |220.1 S0YR 2.83 148.25 148.87 148.81 148.96 0.007239 1.28 2.53 15.03 0.74 0.01
Reach-2C |220.1 25YR 2.48 148.25 148.84 148.78 148.92 0.007639 1.27 2.07 10.63 0.75 0.01
Reach-2C |220.1 10YR 1.94 148.25 148.79 148.73 148.86 0.007976 1.21 1.61 6.96 0.75 0.01
Reach-2C 220.1 5YR 1.59 148.25 148.75 148.69 148.82 0.008209 1.16 1.37 5.64 0.75 0.01
Reach-2C |220.1 2YR 1.00 148.25 148.67 148.72 0.007984 1.04 0.96 454 0.72 0.00|
Reach-2C 220 Regional 8.23 148.25 149.11 149.11 149.21 0.007117 1.62 11.42 61.50 0.77 0.03
Reach-2C 220 100YR 3.20 148.25 148.84 148.84 148.98 0.013104 1.65 2.04] 9.97 0.98 0.01
Reach-2C 220 50YR 2.83 148.25 148.81 148.81 148.94 0.013970 1.64 1.76 8.10 1.00 0.01
Reach-2C 220 25YR 2.48 148.25 148.78 148.78 148.91 0.014458 1.60 1.55 6.36 1.01 0.01
Reach-2C 220 10YR 1.94 148.25 148.73 148.73 148.85 0.014804 1.54 1.26 5.28 1.01 0.01
Reach-2C 220 5YR 1.59 148.25 148.69 148.69 148.80 0.015266 1.49 1.07 4.80 1.01 0.00|
Reach-2C 220 2YR 1.00 148.25 148.61 148.61 148.71 0.016304 1.37 0.73 3.93 1.01 0.00|
Reach-1A 210.5 Regional 8.22 155.11 155.53 155.48 155.55 0.006998 0.70 11.69 92.57 0.63 11.07
Reach-1A 2105 100YR 3.34 155.11 155.45 155.42 155.46 0.008320 0.62 5.41 59.22 0.65 5.03
Reach-1A 2105 S0YR 2.95 155.11 155.44 155.41 155.46 0.008501 0.60 4.90) 56.58 0.65 4.50|
Reach-1A 2105 25YR 2.59 155.11 155.43 155.40 155.45 0.008816 0.59 4.40| 53.83 0.66 3.99
Reach-1A 2105 10YR 2.04 155.11 155.41 155.39 155.43 0.008922 0.55 3.68 49.66 0.65 3.25
Reach-1A 2105 SYR 1.69 155.11 155.40 155.38 155.42 0.009281 0.53 3.16 46.44 0.65 2.80
Reach-1A 2105 2YR 1.08 155.11 155.38 155.35 155.39 0.009833 0.50 2.14 35.91 0.66 2.02
Reach-1A 210 Regional 8.22 154.96 155.26 155.21 155.30 0.007361 0.93 8.87 48.03 0.69 10.71
Reach-1A 210 100YR 3.34 154.96 155.16 155.19 0.007570 0.72 4.62 37.04 0.65 4.86
Reach-1A 210 50YR 2.95 154.96 155.15 155.17 0.007569 0.70 4.23 35.83 0.65 4.34]
Reach-1A 210 25YR 2.59 154.96 155.14 155.16 0.007419 0.67 3.89 34.73 0.64 3.85
Reach-1A 210 10YR 2.04 154.96 155.12 155.14 0.007571 0.62 3.26 32.63 0.63 3.13
Reach-1A 210 5YR 1.69 154.96 155.11 155.13 0.007413 0.59 2.89 31.28 0.62 2.69
Reach-1A 210 2YR 1.08 154.96 155.08 155.10 0.007391 0.51 2.12 28.37 0.59 1.94
Reach-1A 209 Regional 8.22 154.46 154.74 154.77 0.003402 0.80 15.89 75.38 0.50 9.34]
Reach-1A 209 100YR 3.34 154.46 154.63 154.65 0.003394 0.57 8.37 64.87 0.46 4.14]
Reach-1A 209 S0YR 2.95 154.46 154.62 154.64 0.003384 0.54 7.68 63.21 0.45 3.68
Reach-1A 209 25YR 2.59 154.46 154.61 154.62 0.003406 0.51 7.00 62.08 0.45 3.25
Reach-1A 209 10YR 2.04 154.46 154.59 154.60 0.003367 0.47 5.96 60.57 0.43 2.62
Reach-1A 209 5YR 1.69 154.46 154.58 154.59 0.003404 0.44 5.21 59.45 0.43 2.25
Reach-1A 209 2YR 1.08 154.46 154.56 154.56 0.003358 0.37 3.83 57.34 0.41 1.61
Reach-1A 208.3 Regional 8.22 152.95 153.39 153.39 153.49 0.015529 1.43 5.73 28.20 1.02 7.17
Reach-1A 208.3 100YR 3.34 152.95 153.27 153.27 153.34 0.017277 1.20 2.78 19.29 1.01 3.02
Reach-1A 208.3 50YR 2.95 152.95 153.25 153.25 153.32 0.017668 1.18 2.50] 18.22 1.02 2.66
Reach-1A 208.3 25YR 2.59 152.95 153.24 153.24 153.30 0.017639 1.14 2.26 17.23 1.01 2.32
Reach-1A 208.3 10YR 2.04 152.95 153.21 153.21 153.27 0.018454 1.10 1.85 15.36 1.02 1.83
Reach-1A 208.3 5YR 1.69 152.95 153.20 153.20 153.25 0.018459 1.05 1.60 14.28 1.00 1.56
Reach-1A 208.3 2YR 1.08 152.95 153.16 153.16 153.21 0.02012 0.98 1.11 11.82 1.02 1.12
Reach-1A 208.2 Regional 8.22 152.50 152.97 153.02 0.005186 1.01 8.16 29.95 0.62 6.82
Reach-1A 208.2 100YR 3.34 152.50 152.84 152.87 0.003629 0.70 4.77 23.08 0.49 2.83
Reach-1A 208.2 S0YR 2.95 152.50 152.83 152.85 0.003346 0.66 4.48 22.44 0.47 2.49
Reach-1A 208.2 25YR 2.59 152.50 152.82 152.84 0.003003 0.61 4.24] 21.88 0.44 2.16
Reach-1A 208.2 10YR 2.04 152.50 152.79 152.81 0.002614 0.54 3.74 20.69 0.41 1.69
Reach-1A 208.2 5YR 1.69 152.50 152.78 152.79 0.002233 0.49 3.46 19.96 0.38 1.44
Reach-1A 208.2 2YR 1.08 152.50 152.74 152.75 0.001701 0.39 2.75 18.01 0.32 1.02
Reach-1A 208.1 Regional 8.22 152.50 152.86 152.89 0.002501 0.81 11.61 41.89 0.44 6.47
Reach-1A 208.1 100YR 3.34 152.50 152.68 152.70 0.005534 0.72 4.81 33.66 0.58 2.66
Reach-1A 208.1 50YR 2.95 152.50 152.66 152.62 152.68 0.006685 0.73 4.17 32.78 0.63 2.33
Reach-1A 208.1 25YR 2.59 152.50 152.64 152.61 152.67 0.008258 0.73 3.59 31.95 0.68 2.01
Reach-1A 208.1 10YR 2.04 152.50 152.62 152.60 152.64 0.010433 0.72 2.87 30.91 0.74 1.57
Reach-1A 208.1 5YR 1.69 152.50 152.60 152.59 152.63 0.014076 0.73 2.33 30.09 0.83 1.33
Reach-1A 208.1 2YR 1.08 152.50 152.57 152.57 152.60 0.024560 0.73 1.48 28.59 1.02 0.95
Reach-1A 208 Regional 8.22 151.00 152.20 152.20 152.43 0.009902 2.14 477 16.09 0.92 5.65
Reach-1A 208 100YR 3.34 151.00 152.02 151.92 152.11 0.006153 1.31 2.58 8.56 0.68 2.29
Reach-1A 208 S0YR 2.95 151.00 152.01 151.88 152.09 0.005347 1.20 2.48 7.94 0.63 2.00|
Reach-1A 208 25YR 2.59 151.00 152.00 152.06 0.004611 1.09 2.39 7.38 0.58 1.72
Reach-1A 208 10YR 2.04 151.00 151.95 152.00 0.004336 1.00 2.04 6.19 0.56 1.33
Reach-1A 208 5YR 1.69 151.00 151.91 151.96 0.003882 0.92 1.83 5.74 0.52 112
Reach-1A 208 2YR 1.08 151.00 151.83 151.86 0.003013 0.77 1.39 4.66 0.45 0.80)




HEC-RAS Plan: Control P1A (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-1A 207 Regional 8.22 150.25 151.04 151.07 0.002467 0.92 17.23 55.62 0.45 3.52
Reach-1A 207 100YR 3.34 150.25 150.82 150.79 150.86 0.006400 0.96 5.67 48.92 0.66 1.49
Reach-1A 207 50YR 2.95 150.25 150.80 150.78 150.84 0.007458 0.98 4.60) 48.26 0.70 1.31
Reach-1A 207 25YR 2.59 150.25 150.78 150.76 150.83 0.008950 1.00 3.52 47.57 0.75 1.14
Reach-1A 207 10YR 2.04 150.25 150.75 150.71 150.80 0.009192 0.94 2.39 46.82 0.75 0.89
Reach-1A 207 5YR 1.69 150.25 150.72 150.70 150.77 0.010585 0.95 1.77 12.00 0.79 0.77
Reach-1A 207 2YR 1.08 150.25 150.65 150.65 150.71 0.015752 1.02 1.06 8.63 0.93 0.56
Reach-1A 206.3 Regional 10.21 149.49 150.48 150.46 150.68 0.006457 2.19 9.44 27.65 0.80 2.29
Reach-1A 206.3 100YR 4.15 149.49 150.26 150.13 150.36 0.004520 1.46 4.03 21.26 0.63 1.03
Reach-1A 206.3 50YR 3.68 149.49 150.23 150.09 150.33 0.004332 1.38 3.48 18.62 0.61 0.93
Reach-1A 206.3 25YR 3.23 149.49 150.20 150.05 150.29 0.004173 1.30 2.97 15.36 0.60 0.83
Reach-1A 206.3 10YR 2.55 149.49 150.12 150.20 0.004844 1.25 2.07 7.26 0.62 0.68
Reach-1A 206.3 5YR 2.11 149.49 150.08 150.14 0.004801 1.16 1.82 4.91 0.61 0.60|
Reach-1A 206.3 2YR 1.36 149.49 149.97 150.03 0.004529 1.01 1.35 4.30 0.58 0.45
Reach-1A 206.2 Regional 10.21 149.25 150.24 150.35 0.006438 1.50 8.89 27.85 0.73 1.87
Reach-1A 206.2 100YR 4.15 149.25 150.04 150.11 0.005656 1.13 4.05 21.50 0.65 0.84
Reach-1A 206.2 50YR 3.68 149.25 150.02 150.08 0.005507 1.09 3.57 20.84 0.64 0.76
Reach-1A 206.2 25YR 3.23 149.25 150.00 150.05 0.005312 1.05 3.08 10.69 0.62 0.69
Reach-1A 206.2 10YR 2.55 149.25 149.93 149.98 0.004045 1.04 2.46 7.06 0.56 0.57
Reach-1A 206.2 5YR 2.11 149.25 149.89 149.94 0.003639 0.95 2.22 6.72 0.53 0.50)
Reach-1A 206.2 2YR 1.36 149.25 149.82 149.85 0.002862 0.78 1.75 5.99 0.46 0.37
Reach-1A 206.1 Regional 10.21 149.00 150.00 150.10 0.004858 1.43 9.91 30.05 0.65 1.45
Reach-1A 206.1 100YR 4.15 149.00 149.78 149.71 149.84 0.006258 1.11 4.14] 20.84 0.67 0.66
Reach-1A 206.1 50YR 3.68 149.00 149.76 149.82 0.006346 1.06 3.73 19.45 0.66 0.60|
Reach-1A 206.1 25YR 3.23 149.00 149.74 149.79 0.006175 1.00 341 18.20 0.65 0.54]
Reach-1A 206.1 10YR 2.55 149.00 149.71 149.65 149.75 0.006355 0.92 2.84] 15.62 0.64 0.46
Reach-1A 206.1 5YR 2.11 149.00 149.69 149.63 149.72 0.006350 0.86 2.48 14.39 0.63 0.40|
Reach-1A 206.1 2YR 1.36 149.00 149.64 149.57 149.66 0.006194 0.74 1.85 11.99 0.60 0.29
Reach-1 205 Regional 18.70 147.24 148.40 148.40 148.75 0.010663 2.61 7.16 10.46 1.01 53.06
Reach-1 205 100YR 7.43 147.24 148.03 148.03 148.24 0.012131 2.05 3.63 8.49 1.00 20.58
Reach-1 205 50YR 6.58 147.24 147.99 147.99 148.19 0.012398 1.98 332 8.27 1.00 17.25
Reach-1 205 25YR 5.77 147.24 147.95 147.95 148.14 0.013061 1.94 2.98 8.04 1.02 15.96
Reach-1 205 10YR 454 147.24 147.89 147.89 148.06 0.013369 1.80 2.52 7.70 1.01 12.08
Reach-1 205 5YR 3.74 147.24 147.85 147.85 148.00 0.013854 1.71 2.19 7.45 1.01 9.97
Reach-1 205 2YR 2.38 147.24 147.76 147.76 147.88 0.015221 1.51 1.58 6.97 1.01 7.28
Reach-1 204.75 Regional 18.70 146.00 147.49 147.54 0.001592 1.25 29.47 3171 0.41 50.34
Reach-1 204.75 100YR 7.43 146.00 147.00 147.01 0.001403 0.80 16.12 19.49 0.35 19.11
Reach-1 204.75 50YR 6.58 146.00 146.94 146.96 0.001366 0.75 15.08 18.97 0.34 15.89
Reach-1 204.75 25YR 5.77 146.00 146.89 146.90 0.001326 0.70 14.03 18.43 0.33 14.69
Reach-1 204.75 10YR 454 146.00 146.79 146.80 0.001250 0.62 12.30 17.36 0.32 10.98
Reach-1 204.75 5YR 3.74 146.00 146.72 146.72 0.001180 0.56 11.07 16.46 0.30 8.98
Reach-1 204.75 2YR 2.38 146.00 146.56 146.57 0.001003 0.44 8.71 14.40 0.27 6.51
Reach-1 204.7 Regional 18.70 145.89 146.92 146.92 147.27 0.009831 2.63 7.43 13.42 0.99 48.95
Reach-1 204.7 100YR 7.43 145.89 146.54 146.54 146.76 0.012164 2.09 3.56 8.13 1.01 18.37
Reach-1 204.7 50YR 6.58 145.89 146.50 146.50 146.71 0.012330 2.03 3.23 7.76 1.01 15.20
Reach-1 204.7 25YR 5.77 145.89 146.45 146.45 146.65 0.012578 1.98 2.91 7.38 1.01 14.05
Reach-1 204.7 10YR 454 145.89 146.38 146.38 146.56 0.013043 1.88 2.41 6.80 1.01 10.43
Reach-1 204.7 5YR 3.74 145.89 146.34 146.34 146.50 0.013360 1.79 2.10) 6.52 1.01 8.48
Reach-1 204.7 2YR 2.38 145.89 146.24 146.24 146.37 0.014394 1.59 1.50 5.92 1.01 6.13
Reach-1 204.55 Regional 18.70 145.49 146.68 146.56 146.90 0.005984 2.08 9.54] 18.63 0.77 48.82
Reach-1 204.55 100YR 7.43 145.49 146.39 146.48 0.004030 1.34 5.56 10.86 0.60 18.29
Reach-1 204.55 50YR 6.58 145.49 146.35 146.43 0.003932 1.29 5.11 10.34 0.59 15.13
Reach-1 204.55 25YR 5.77 145.49 146.30 146.38 0.003831 1.24 4.65 9.79 0.57 13.99
Reach-1 204.55 10YR 4.54 145.49 146.23 146.30 0.003539 1.14 4.00| 9.05 0.55 10.38
Reach-1 204.55 5YR 3.74 145.49 146.18 146.24 0.003515 1.06 3.51 8.73 0.54 8.44]
Reach-1 204.55 2YR 2.38 145.49 146.06 146.11 0.003660 0.94 2.54] 7.92 0.53 6.09
Reach-1 204.5 Regional 18.70 145.36 146.55 146.51 146.77 0.008147 2.05 9.83 23.54 0.87 48.64
Reach-1 204.5 100YR 7.43 145.36 146.26 146.38 0.006872 1.53 4.85 11.53 0.76 18.20
Reach-1 204.5 50YR 6.58 145.36 146.23 146.34 0.006482 1.49 4.42 10.53 0.73 15.04
Reach-1 204.5 25YR 5.77 145.36 146.19 146.29 0.006068 1.43 4.04 9.71 0.71 13.91
Reach-1 204.5 10YR 454 145.36 146.13 146.22 0.005354 1.28 3.54] 9.09 0.66 10.31
Reach-1 204.5 5YR 3.74 145.36 146.08 146.16 0.005361 1.22 3.06 8.46 0.65 8.38
Reach-1 204.5 2YR 2.38 145.36 145.96 146.02 0.005751 1.13 211 6.98 0.65 6.05
Reach-1 204.25 Regional 18.70 145.11 146.30 146.30 146.55 0.009025 2.43 13.72 30.86 0.93 48.34
Reach-1 204.25 100YR 7.43 145.11 146.01 146.01 146.18 0.009613 1.86 5.75 23.76 0.89 18.07
Reach-1 204.25 50YR 6.58 145.11 145.99 145.99 146.14 0.009581 1.79 5.08 22.94 0.88 14.92
Reach-1 204.25 25YR 5.77 145.11 145.94 145.94 146.10 0.009515 1.81 4.04] 19.05 0.88 13.81
Reach-1 204.25 10YR 4.54 145.11 145.83 145.83 146.01 0.012078 1.90 2.48 10.00 0.98 10.23
Reach-1 204.25 5YR 3.74 145.11 145.76 145.76 145.94 0.013485 1.89 1.98 5.64 1.02 8.31
Reach-1 204.25 2YR 2.38 145.11 145.65 145.65 145.80 0.014146 1.71 1.39 4.77 1.01 6.01
Reach-1 204 Regional 18.99 144.05 145.08 145.08 145.38 0.009649 2.85 14.24 25.18 1.00 46.97
Reach-1 204 100YR 7.59 144.05 144.79 144.79 144.96 0.008890 2.04 7.20 23.16 0.90 17.44
Reach-1 204 50YR 6.73 144.05 144.76 144.76 144.92 0.009079 1.98 6.45 22.93 0.90 14.37
Reach-1 204 25YR 5.92 144.05 144.72 144.72 144.88 0.01008: 1.96 5.48| 21.71 0.93 13.36




HEC-RAS Plan: Control P1A (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1 204 10YR 4.62 144.05 144.66 144.66 144.81 0.010227 1.81 4.32 19.77 0.92 9.91
Reach-1 204 5YR 3.81 144.05 144.62 144.62 144.76 0.010203 1.70 3.60) 18.46 0.90 8.05
Reach-1 204 2YR 2.44 144.05 144.54 144.54 144.65 0.011213 1.50 2.21 15.59 0.90 5.84
Reach-1 203 Regional 19.14 142.50 144.90 144.94 0.000475 0.92 32.72 37.83 0.24 45.50
Reach-1 203 100YR 7.68 142.50 143.70 143.70 143.90 0.012664 1.98 3.87 9.64 1.00 17.10
Reach-1 203 50YR 6.81 142.50 143.65 143.65 143.85 0.013127 2.00 3.41 8.59 1.01 14.06
Reach-1 203 25YR 5.99 142.50 143,53 143.53 143.79 0.012593 2.26 2.65 5.22 1.01 13.11
Reach-1 203 10YR 4.67 142.50 143.43 143.43 143.66 0.012670 2.14 2.18 4.69 1.00 9.71
Reach-1 203 5YR 3.85 142.50 143.36 143.36 143.58 0.013272 2.08 1.85 4.32 1.01 7.88
Reach-1 203 2YR 2.45 142.50 143.22 143.22 143.40 0.014164 1.90 1.29 3.60 1.01 5.73
Reach-1 202.75 Regional 19.14 142.43 144.58 143.79 144.85 0.001807 2.31 8.29 35.25 0.50 44.72
Reach-1 202.75 100YR 7.68 142.43 143.60 143.17 143.75 0.002217 1.70 451 27.27 0.50 16.89
Reach-1 202.75 S0YR 6.81 142.43 143.51 143.11 143.65 0.002278 1.64 4.16 26.53 0.50 13.88
Reach-1 202.75 25YR 5.99 142.43 143.42 143.06 143.55 0.002344 1.57 3.82 24.17 0.50 12.95
Reach-1 202.75 10YR 4.67 142.43 143.27 142.96 143.38 0.002479 1.44 3.23 19.77 0.50 9.59
Reach-1 202.75 5YR 3.85 142.43 143.17 142.90 143.26 0.002588 1.35 2.84 17.43 0.50 7.79
Reach-1 202.75 2YR 2.45 142.43 142.98 142.78 143.05 0.002864 117 2.10 14.31 0.50 5.67
Reach-1 202.5 Culvert

Reach-1 202.25 Regional 19.14 142.28 143.64 143.64 144.32 0.015506 3.66 5.23 4.23 1.00 43.83
Reach-1 202.25 100YR 7.68 142.28 143.02 143.02 143.39 0.015082 2.70 2.85 3.85 1.00 16.51
Reach-1 202.25 50YR 6.81 142.28 142.96 142.96 143.31 0.015130 2.59 2.62 3.85 1.00 13.55
Reach-1 202.25 25YR 5.99 142.28 142.91 142.91 143.22 0.014966 2.48 2.42 3.85 1.00 12.66
Reach-1 202.25 10YR 4.67 142.28 142.81 142.81 143.08 0.015110 2.28 2.04 3.85 1.00 9.36
Reach-1 202.25 5YR 3.85 142.28 142.75 142.75 142.98 0.014808 2.12 1.81 3.85 0.99 7.59
Reach-1 202.25 2YR 2.45 142.28 142.69 142.63 142.81 0.009047 1.54 1.59 3.85 0.77 5.53
Reach-1 202 Regional 19.14 142.20 143.23 143.29 0.001599 1.26 29.01 49.28 0.42 43.49
Reach-1 202 100YR 7.68 142.20 142.69 142.69 142.83 0.010783 1.77 5.93 25.95 0.93 16.43
Reach-1 202 50YR 6.81 142.20 142.65 142.65 142.80 0.012701 1.79 4.98 22.79 1.00 13.47
Reach-1 202 25YR 5.99 142.20 142.63 142.63 142.76 0.011815 1.67 4.62 21.93 0.95 12.59
Reach-1 202 10YR 4.67 142.20 142.59 142.59 142.70 0.011723 1.52 3.79 20.61 0.93 9.30)
Reach-1 202 5YR 3.85 142.20 142.56 142.56 142.66 0.012111 1.43 3.19 19.62 0.92 7.54
Reach-1 202 2YR 2.45 142.20 142.50 142.50 142.58 0.014174 1.27 2.02 17.74 0.95 5.50)
Reach-1 201 Regional 19.14 141.65 143.21 143.24 0.000520 0.97 37.18 39.45 0.26 42.01
Reach-1 201 100YR 7.68 141.65 142.60 142.63 0.000800 0.84 15.01 31.94 0.29 15.94
Reach-1 201 50YR 6.81 141.65 142.53 142.56 0.000925 0.85 12.67 30.74 0.31 13.06
Reach-1 201 25YR 5.99 141.65 142.50 142.53 0.000838 0.79 11.80 30.22 0.29 12.20
Reach-1 201 10YR 4.67 141.65 142.40 142.42 0.000911 0.75 8.94 25.62 0.30 9.00
Reach-1 201 5YR 3.85 141.65 142.34 142.36 0.000904 0.70 7.47 23.00 0.29 7.29
Reach-1 201 2YR 2.45 141.65 142.25 142.26 0.000668 0.54 5.64 19.28 0.24 5.31
Reach-1 171 Regional 28.90 141.65 142.97 142.70 143.11 0.002516 1.90 27.97 37.97 0.55 38.99
Reach-1 171 100YR 8.17 141.65 142.44 142.21 142.50 0.002213 1.21 9.98 27.36 0.47 14.77
Reach-1 171 S0YR 6.60 141.65 142.36 142.15 142.42 0.002210 1.13 8.15 24.25 0.46 12.09
Reach-1 171 25YR 6.10 141.65 142.34 142.13 142.40 0.002202 1.10 7.58 23.20 0.46 11.30
Reach-1 171 10YR 4.37 141.65 142.25 142.05 142.29 0.002182 0.97 5.57 19.13 0.44 8.32
Reach-1 171 5YR 3.52 141.65 142.19 142.01 142.23 0.002166 0.89 4.59 16.80 0.43 6.72
Reach-1 171 2YR 2.57 141.65 142.12 141.95 142.15 0.002101 0.79 3.54] 13.88 0.41 4.88
Reach-1 170 Bridge

Reach-1 169 Regional 28.90 141.65 142.70 142.70 142.99 0.007134 2.71 18.27 3354 0.89 38.49
Reach-1 169 100YR 8.17 141.65 142.21 142.21 142.40 0.009752 1.96 4.98 17.76 0.92 14.61
Reach-1 169 50YR 6.60 141.65 142.15 142.15 142.32 0.010567 1.86 3.98| 15.15 0.94 11.95
Reach-1 169 25YR 6.10 141.65 142.13 142.13 142.30 0.011146 1.83 3.63 14.16 0.95 11.17
Reach-1 169 10YR 4.37 141.65 142.05 142.05 142.19 0.013010 1.69 2.63 10.71 0.99 8.23
Reach-1 169 5YR 3.52 141.65 142.01 142.01 142.13 0.014215 1.59 221 8.88 1.01 6.65
Reach-1 169 2YR 2.57 141.65 141.95 141.95 142.06 0.014892 1.45 1.77 8.23 1.00 4.83
Reach-1 164 Regional 28.90 138.30 139.25 139.39 0.007256 1.51 18.32 23.62 0.61 35.35
Reach-1 164 100YR 8.17 138.30 138.83 138.86 0.002624 0.51 10.37 14.75 0.32 13.27
Reach-1 164 50YR 6.60 138.30 138.74 138.76 0.002349 0.41 9.12 13.62 0.29 10.81
Reach-1 164 25YR 6.10 138.30 138.69 138.72 0.002374 0.38 8.50 12.97 0.29 10.12
Reach-1 164 10YR 4.37 138.30 138.54 138.56 0.002100 0.28 6.77 10.44 0.25 7.41
Reach-1 164 5YR 3.52 138.30 138.46 138.47 0.001886 0.19 5.92 9.30 0.22 5.94
Reach-1 164 2YR 2.57 138.30 138.34 138.36 0.001562 0.07 4.96 7.74 0.16 4.24]
Reach-1 163 Regional 28.90 137.20 138.47 138.55 0.005133 1.90 30.33 59.32 0.57 32.03
Reach-1 163 100YR 8.17 137.20 138.08 137.99 138.23 0.009915 1.99 7.75 50.21 0.74 12.04
Reach-1 163 50YR 6.60 137.20 138.02 137.97 138.17 0.010628 1.93 5.32 22.77 0.76 9.83
Reach-1 163 25YR 6.10 137.20 137.99 137.97 138.13 0.010185 1.84 4.82 15.66 0.74 9.21
Reach-1 163 10YR 4.37 137.20 137.90 137.86 138.02 0.009858 1.65 3.61 13.13 0.71 6.70
Reach-1 163 5YR 3.52 137.20 137.84 137.80 137.96 0.010879 1.59 2.82 11.19 0.73 5.34
Reach-1 163 2YR 2.57 137.20 137.74 137.72 137.86 0.015146 1.60 1.81 8.05 0.82 3.77
Reach-1 162 Regional 28.90 135.60 136.76 136.76 137.01 0.016983 3.06 16.52 33.14 1.02 27.93
Reach-1 162 100YR 8.17 135.60 136.46 136.55 0.008365 1.65 8.05 23.23 0.67 10.63
Reach-1 162 50YR 6.60 135.60 136.42 136.32 136.49 0.007713 1.51 7.02 21.71 0.63 8.72
Reach-1 162 25YR 6.10 135.60 136.39 136.46 0.007886 1.48 6.54 20.96 0.64 8.19




HEC-RAS Plan: Control P1A (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-1 162 10YR 4.37 135.60 136.32 136.38 0.007899 1.34 5.01 18.41 0.62 5.92
Reach-1 162 5YR 3.52 135.60 136.28 136.33 0.007036 1.21 4.42 17.31 0.58 4.68
Reach-1 162 2YR 2.57 135.60 136.25 136.28 0.005238 0.99 3.87 16.23 0.49 3.25
Reach-1 161 Regional 28.90 134.10 135.30 135.17 135.36 0.005788 1.77 31.56 67.18 0.58 24.00
Reach-1 161 100YR 8.17 134.10 134.98 134.98 135.07 0.008814 1.68 10.93 62.89 0.67 9.05
Reach-1 161 50YR 6.60 134.10 134.95 134.95 135.03 0.009136 1.64 8.64] 54.87 0.68 7.42
Reach-1 161 25YR 6.10 134.10 134.94 134.94 135.02 0.008737 1.59 8.14] 52.96 0.66 6.96
Reach-1 161 10YR 4.37 134.10 134.89 134.89 134.97 0.00811 1.44 5.85 43.08 0.63 5.00
Reach-1 161 5YR 3.52 134.10 134.85 134.85 134.93 0.008870 1.43 4.23 34.42 0.65 3.94]
Reach-1 161 2YR 2.57 134.10 134.76 134.69 134.87 0.012829 1.52 2.03 16.61 0.76 2.74]
Reach-1 160 Regional 28.90 132.50 134.02 134.06 0.003131 1.45 37.31 64.17 0.42 13.44
Reach-1 160 100YR 8.17 132.50 133.61 133.64 0.002166 0.99 15.54 41.27 0.33 4.97
Reach-1 160 50YR 6.60 132.50 133.54 133.57 0.002221 0.96 12.79 37.14 0.33 4.10|
Reach-1 160 25YR 6.10 132.50 133.52 133.29 133.54 0.002198 0.94 11.99 35.85 0.33 3.84
Reach-1 160 10YR 4.37 132.50 133.41 133.44 0.002411 0.92 8.52 29.61 0.34 2.77
Reach-1 160 SYR 3.52 132.50 133.35 133.38 0.00258: 0.91 6.73 25.80 0.35 2.23
Reach-1 160 2YR 2.57 132.50 133.28 133.30 0.002499 0.84 5.01 2154 0.34 1.63




HEC-RAS Model Results for
14W-16, 14W-21, 14W-22,
14W-12A and 14W-12
------- Phase 1B Condition
(Controlled Flow)



HEC-RAS Plan: Control 1B

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-2B 231.1 Regional 0.86 148.25 149.22 149.22 0.000026 0.15 15.98 39.69 0.05 0.79
Reach-28 231.1 100YR 0.64 148.25 149.00 149.00 0.000055 0.18 8.44] 28.77 0.07 0.40)
Reach-2B 231.1 50YR 0.57 148.25 148.97 148.97 0.000054 0.18 7.56 27.12 0.07 0.36
Reach-2B 2311 25YR 0.50 148.25 148.93 148.93 0.000052 0.17 6.71 25.39 0.07 0.32
Reach-2B 231.1 10YR 0.40 148.25 148.88 148.88 0.000051 0.15 5.38 22.47 0.07 0.26
Reach-2B 231.1 5YR 0.33 148.25 148.84 148.84 0.000048 0.14 4.50) 20.29 0.07 0.22
Reach-2B 231.1 2YR 0.21 148.25 148.78 148.78 0.000034 0.11 3.36 17.06 0.05 0.16
Reach-2B 231 Regional 0.86 148.25 149.22 149.22 0.000026 0.15 15.98 39.69 0.05 0.77
Reach-2B 231 100YR 0.64 148.25 149.00 149.00 0.000055 0.18 8.44] 28.77 0.07 0.39
Reach-2B 231 50YR 0.57 148.25 148.97 148.97 0.000054 0.18 7.56 27.12 0.07 0.35
Reach-2B 231 25YR 0.50 148.25 148.93 148.93 0.000052 0.17 6.71 25.39 0.07 0.32
Reach-2B 231 10YR 0.40 148.25 148.88 148.88 0.000051 0.15 5.38 22.46 0.07 0.26
Reach-2B 231 5YR 0.33 148.25 148.84 148.84 0.000048 0.14 4.50] 20.28 0.07 0.22
Reach-2B 231 2YR 0.21 148.25 148.78 148.78 0.000034 0.11 3.36 17.06 0.05 0.16
Reach-2B 220.3 Regional 0.86 148.25 149.22 149.22 0.000019 0.13 2157 60.08 0.05 0.69
Reach-2B 2203 100YR 0.64 148.25 149.00 149.00 0.000040 0.16 11.16 34.55 0.06 0.35
Reach-2B 220.3 50YR 0.57 148.25 148.97 148.97 0.000039 0.15 10.11 32.86 0.06 031
Reach-2B 2203 25YR 0.50 148.25 148.93 148.93 0.000038 0.14 9.06 31.08 0.06 0.28
Reach-2B 220.3 10YR 0.40 148.25 148.88 148.88 0.000038 0.13 7.43 28.08 0.06 0.23
Reach-2B 2203 5YR 0.33 148.25 148.84 148.84 0.000036 0.12 6.31 25.84 0.06 0.19
Reach-2B 220.3 2YR 0.21 148.25 148.78 148.78 0.000026 0.09 4.84] 22.53 0.05 0.14]
Reach-2B 220.2 Regional 0.86 148.57 149.21 149.21 0.000318 0.39 257 6.02 0.17 0.03
Reach-2B 220.2 100YR 0.64 148.57 148.98 148.99 0.001203 0.52 1.31 4.95 0.30 0.01
Reach-28 220.2 50YR 0.57 148.57 148.95 148.96 0.001377 0.52 1.16 4.80 0.32 0.01
Reach-2B 220.2 25YR 0.50 148.57 148.91 148.93 0.001632 0.52 1.00 4.65 0.34 0.01
Reach-2B 220.2 10YR 0.40 148.57 148.86 148.87 0.002619 0.55 0.75 4.38 0.41 0.00|
Reach-2B 220.2 5YR 0.33 148.57 148.81 148.83 0.004583 0.60 0.55 4.17 0.52 0.00|
Reach-2B 2202 2YR 0.21 148.57 148.73 148.73 148.77 0.021129 0.88 0.24] 3.10 1.01 0.00|
Reach-2A 309 Regional 6.68 154.00 154.79 154.84 0.002893 1.36 15.04 43.81 0.53 11.22
Reach-2A 309 100YR 2.58 154.00 154.55 154.59 0.003291 1.08 6.08| 31.12 0.53 3.69
Reach-2A 309 50YR 2.27 154.00 154.53 154.57 0.003397 1.05 5.29 29.75 0.53 3.20)
Reach-2A 309 25YR 1.99 154.00 154.50 154.54 0.003518 1.02 4.56 28.42 0.53 2.81
Reach-2A 309 10YR 1.55 154.00 154.46 154.49 0.003707 0.96 3.38 24.04 0.54 2.30]
Reach-2A 309 5YR 1.27 154.00 154.42 154.46 0.003825 0.92 2.66 20.91 0.54 1.97
Reach-2A 309 2YR 0.79 154.00 154.36 154.29 154.39 0.003923 0.79 1.51 14.62 0.52 1.37
Reach-2A 308 Regional 6.68 153.50 154.48 154.54 0.005224 1.97 13.04 32.66 0.69 10.11
Reach-2A 308 100YR 2.58 153.50 154.22 154.27 0.005244 1.54 5.89 22.00 0.65 3.22
Reach-2A 308 50YR 2.27 153.50 154.19 154.24 0.005142 1.47 5.32 20.89 0.64 2.78
Reach-2A 308 25YR 1.99 153.50 154.17 154.21 0.005033 1.41 479 19.80 0.63 2.44
Reach-2A 308 10YR 1.55 153.50 154.12 154.16 0.004904 1.31 3.90) 17.80 0.61 2.02
Reach-2A 308 5YR 1.27 153.50 154.08 154.12 0.004888 1.24 3.28 16.26 0.60 1.74
Reach-2A 308 2YR 0.79 153.50 154.00 154.04 0.005168 1.10 2.08 12.80 0.60 1.22
Reach-2A 307 Regional 6.68 153.00 154.02 154.10 0.005521 2.09 9.91 16.35 0.71 9.19
Reach-2A 307 100YR 2.58 153.00 153.68 153.75 0.007772 1.77 451 14.42 0.78 2.80)
Reach-2A 307 50YR 2.27 153.00 153.64 153.71 0.008086 1.73 4.04] 14.15 0.78 2.40)
Reach-2A 307 25YR 1.99 153.00 153.61 153.68 0.008397 1.69 3.62 13.89 0.79 2.10
Reach-2A 307 10YR 1.55 153.00 153.57 153.63 0.008652 1.59 2.96 13.49 0.79 1.73
Reach-2A 307 5YR 1.27 153.00 153.54 153.60 0.008509 1.50 2.55 13.23 0.77 1.50
Reach-2A 307 2YR 0.79 153.00 153.48 153.46 153.53 0.007352 1.26 1.84 12.77 0.70 1.06
Reach-2A 306 Regional 6.68 152.60 153.75 153.81 0.003467 1.80 12.47 20.46 0.57 8.44]
Reach-2A 306 100YR 2.58 152.60 153.42 153.45 0.002644 1.21 6.70 15.62 0.47 2.42
Reach-2A 306 50YR 2.27 152.60 153.38 153.41 0.002699 1.17 6.08| 15.35 0.47 2.06)|
Reach-2A 306 25YR 1.99 152.60 153.34 153.37 0.002779 114 5.47 15.01 0.47 1.79
Reach-2A 306 10YR 1.55 152.60 153.27 153.30 0.003073 1.10 4.40) 14.39 0.48 1.49
Reach-2A 306 5YR 1.27 152.60 153.22 153.24 0.003429 1.08 3.65 13.94 0.50 1.29
Reach-2A 306 2YR 0.79 152.60 153.12 153.15 0.004464 1.05 2.29 13.09 0.55 0.92
Reach-2A 305 Regional 6.68 152.12 153.39 153.32 153.50 0.004074 1.74 10.30 38.89 0.61 7.52
Reach-2A 305 100YR 2.58 152.12 153.11 152.93 153.19 0.004077 1.32 2.48 13.65 0.57 2.05
Reach-2A 305 50YR 2.27 152.12 153.07 152.89 153.15 0.004045 1.26 2.05 10.65 0.56 1.74
Reach-2A 305 25YR 1.99 152.12 153.03 152.85 153.11 0.004092 1.20 171 6.79 0.56 151
Reach-2A 305 10YR 1.55 152.12 152.96 152.78 153.02 0.004072 111 1.40 3.34 0.55 1.26
Reach-2A 305 5YR 1.27 152.12 152.90 152.73 152.96 0.004064 1.05 1.21 3.10 0.54 1.10
Reach-2A 305 2YR 0.79 152.12 152.77 152.62 152.82 0.004049 0.93 0.85 2.60 0.52 0.80)
Reach-2A 304 Regional 6.68 151.63 152.88 152.84 153.00 0.004301 1.77 10.02 38.68 0.63 6.30
Reach-2A 304 100YR 2.58 151.63 152.61 152.43 152.69 0.004243 1.34 2.44 14.02 0.58 1.76
Reach-2A 304 50YR 2.27 151.63 152.57 152.39 152.65 0.004241 1.28 2.00| 10.41 0.57 1.49
Reach-2A 304 25YR 1.99 151.63 152.53 152.61 0.004239 1.21 1.69 6.76 0.57 1.30
Reach-2A 304 10YR 1.55 151.63 152.46 152.52 0.004238 1.12 1.38 3.34 0.56 1.09
Reach-2A 304 5YR 1.27 151.63 152.40 152.46 0.004240 1.07 1.19 3.10 0.55 0.95
Reach-2A 304 2YR 0.79 151.63 152.27 152.32 0.004243 0.95 0.83 2.59 0.53 0.70|
Reach-2A 303 Regional 6.68 151.46 152.73 152.84 0.003856 1.70 10.63 38.77 0.60 5.89
Reach-2A 303 100YR 2.58 151.46 152.44 152.26 152.53 0.004071 1.32 2.53 14.60 0.57 1.66
Reach-2A 303 50YR 2.27 151.46 152.40 152.22 152.48 0.004098 1.26 2.05 10.89 0.57 1.41
Reach-2A 303 25YR 1.99 151.46 152.37 152.44 0.004117 1.20 172 7.16 0.56 1.23




HEC-RAS Plan: Control 1B (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-2A 303 10YR 1.55 151.46 152.29 152.36 0.004163 1.11 1.39 3.35 0.55 1.03
Reach-2A 303 5YR 1.27 151.46 152.23 152.29 0.004164 1.06 1.20 3.11 0.54 0.91
Reach-2A 303 2YR 0.79 151.46 152.11 152.15 0.004150 0.94 0.84] 2.60 0.53 0.67
Reach-2A 302 Regional 6.68 151.29 15255 152.51 152.67 0.004368 1.78 9.88 38.65 0.63 5.48
Reach-2A 302 100YR 2.58 151.29 152.27 152.09 152.36 0.004411 1.35 2.33 13.07 0.59 1.56
Reach-2A 302 50YR 2.27 151.29 152.23 152.05 152.31 0.004402 1.29 1.93 9.46 0.58 1.33
Reach-2A 302 25YR 1.99 151.29 152.19 152.27 0.004396 1.23 1.65 5.82 0.58 1.17
Reach-2A 302 10YR 1.55 151.29 152.12 152.18 0.004362 1.13 1.37 3.30 0.56 0.98|
Reach-2A 302 5YR 1.27 151.29 152.06 152.12 0.004361 1.08 1.18 3.06 0.56 0.86
Reach-2A 302 2YR 0.79 151.29 151.93 151.98 0.004348 0.96 0.82 2.56 0.54 0.63
Reach-2A 301 Regional 6.68 150.79 152.04 152.00 152.16 0.004326 1.78 9.99 38.67 0.63 4.32
Reach-2A 301 100YR 2.58 150.79 151.77 151.59 151.86 0.004142 1.33 2.49 14.37 0.57 1.28
Reach-2A 301 S0YR 2.27 150.79 151.73 151.55 151.81 0.004142 1.27 2.04 10.75 0.57 1.10
Reach-2A 301 25YR 1.99 150.79 151.70 151.77 0.004143 1.21 171 7.08 0.56 0.97
Reach-2A 301 10YR 1.55 150.79 151.62 151.69 0.004160 1.11 1.39 3.35 0.55 0.82
Reach-2A 301 SYR 1.27 150.79 151.56 151.62 0.004164 1.06 1.20 3.11 0.54 0.72
Reach-2A 301 2YR 0.79 150.79 151.44 151.48 0.004196 0.94 0.84] 2.60 0.53 0.53
Reach-2A 300 Regional 6.68 150.40 151.68 151.61 151.79 0.003682 1.67 10.84 38.80 0.58 3.35
Reach-2A 300 100YR 2.58 150.40 151.39 151.21 151.47 0.004098 1.32 2.48 14.12 0.57 1.05
Reach-2A 300 50YR 2.27 150.40 151.35 151.17 151.43 0.004114 1.26 2.02 10.42 0.57 0.91
Reach-2A 300 25YR 1.99 150.40 151.31 151.13 151.39 0.004124 1.20 1.70 6.69 0.56 0.81
Reach-2A 300 10YR 1.55 150.40 151.24 151.06 151.30 0.004113 1.11 1.40 3.33 0.55 0.69
Reach-2A 300 5YR 1.27 150.40 151.18 151.01 151.23 0.004120 1.06 1.20 3.09 0.54 0.61
Reach-2A 300 2YR 0.79 150.40 151.05 150.90 151.10 0.004065 0.93 0.85 2.59 0.52 0.46
Reach-2A 299 Regional 6.68 150.05 151.29 151.27 151.43 0.004787 1.85 9.38 38.58 0.66 2.49
Reach-2A 299 100YR 2.58 150.05 151.03 150.85 151.12 0.004257 1.34 2.40) 13.58 0.58 0.84]
Reach-2A 299 S0YR 2.27 150.05 151.00 150.81 151.08 0.004229 1.28 1.98 10.03 0.57 0.74]
Reach-2A 299 25YR 1.99 150.05 150.96 151.03 0.004197 1.21 1.69 6.45 0.56 0.67
Reach-2A 299 10YR 1.55 150.05 150.89 150.95 0.004119 1.11 1.40 3.33 0.55 0.57
Reach-2A 299 SYR 1.27 150.05 150.83 150.88 0.004153 1.06 1.20 3.09 0.54 0.51
Reach-2A 299 2YR 0.79 150.05 150.70 150.74 0.004271 0.95 0.83 2.57 0.53 0.39
Reach-2A 298 Regional 6.68 149.76 151.15 150.98 151.20 0.001853 1.29 15.10 39.45 0.42 1.62
Reach-2A 298 100YR 2.58 149.76 150.79 150.57 150.86 0.003061 1.20 3.16 18.33 0.50 0.64]
Reach-2A 298 50YR 2.27 149.76 150.74 150.52 150.81 0.003228 1.17 2.44 13.88 0.51 0.59
Reach-2A 298 25YR 1.99 149.76 150.70 150.77 0.003370 1.13 1.93 9.52 0.51 0.54]
Reach-2A 298 10YR 1.55 149.76 150.63 150.68 0.003432 1.04 1.49 3.45 0.50 0.47
Reach-2A 298 5YR 1.27 149.76 150.57 150.62 0.003356 0.98 1.30 3.21 0.49 0.42
Reach-2A 298 2YR 0.79 149.76 150.44 150.48 0.003217 0.86 0.92 2.71 0.47 0.32
Reach-2A 297 Regional 6.68 149.64 150.81 150.81 151.05 0.008189 2.28 4.79 32.95 0.85 1.29
Reach-2A 297 100YR 2.58 149.64 150.44 150.44 150.65 0.014136 2.00 1.29 3.21 1.01 0.58
Reach-2A 297 S0YR 2.27 149.64 150.40 150.40 150.60 0.014289 1.95 117 3.05 1.01 0.53
Reach-2A 297 25YR 1.99 149.64 150.37 150.37 150.55 0.014327 1.89 1.06 2.90 1.00 0.49
Reach-2A 297 10YR 1.55 149.64 150.30 150.30 150.46 0.014775 1.79 0.86 2.63 1.00 0.43
Reach-2A 297 5YR 1.27 149.64 150.25 150.25 150.40 0.015325 1.73 0.73 2.42 1.00 0.39
Reach-2A 297 2YR 0.79 149.64 150.14 150.14 150.27 0.016254 1.57 0.50) 2.01 1.00 0.30)
Reach-2A 296.5 Culvert

Reach-2A 296 Regional 6.68 149.44 150.62 150.62 150.86 0.008167 2.28 4.78 32.69 0.85 0.58
Reach-2A 296 100YR 2.58 149.44 150.25 150.25 150.45 0.013788 1.99 1.30 3.20 1.00 0.12
Reach-2A 296 50YR 2.27 149.44 150.21 150.21 150.40 0.014033 1.94 117 3.04 1.00 0.10|
Reach-2A 296 25YR 1.99 149.44 150.17 150.17 150.35 0.014252 1.89 1.06 2.89 1.00 0.09
Reach-2A 296 10YR 1.55 149.44 150.10 150.10 150.27 0.014733 1.79 0.86| 2.61 1.00 0.07
Reach-2A 296 5YR 1.27 149.44 150.05 150.05 150.20 0.015438 1.74 0.73 2.40 1.01 0.06
Reach-2A 296 2YR 0.79 149.44 149.94 149.94 150.07 0.016360 1.58 0.50) 1.99 1.00 0.04]
Reach-2C 2201 Regional 7.29 148.25 149.12 149.09 149.20 0.004736 1.34 12.49 62.20 0.63 0.04]
Reach-2C |220.1 100YR 2.90 148.25 148.88 148.81 148.96 0.007102 1.28 2.64 15.37 0.73 0.01
Reach-2C  |220.1 S0YR 2.56 148.25 148.85 148.78 148.93 0.007558 1.27 2.17 13.53 0.75 0.01
Reach-2C |220.1 25YR 2.24 148.25 148.82 148.76 148.90 0.007832 1.25 1.85 8.76 0.75 0.01
Reach-2C |220.1 10YR 1.75 148.25 148.77 148.71 148.84 0.008059 1.18 1.48 5.87 0.75 0.01
Reach-2C  |220.1 5YR 1.43 148.25 148.73 148.67 148.79 0.008128 1.14 1.25 5.26 0.75 0.01
Reach-2C  |220.1 2YR 0.90 148.25 148.65 148.70 0.007956 1.01 0.89 4.36 0.72 0.00|
Reach-2C 220 Regional 7.29 148.25 149.09 149.09 149.19 0.006899 1.56 10.10 60.61 0.76 0.03
Reach-2C 220 100YR 2.90 148.25 148.81 148.81 148.95 0.014079 1.65 1.79 8.35 1.01 0.01
Reach-2C 220 50YR 2.56 148.25 148.78 148.78 148.92 0.014508 1.62 1.58 6.71 1.01 0.01
Reach-2C 220 25YR 2.24 148.25 148.76 148.76 148.88 0.014972 1.58 1.42 5.74 1.02 0.01
Reach-2C 220 10YR 1.75 148.25 148.71 148.71 148.82 0.015275 1.53 115 4.98 1.02 0.01
Reach-2C 220 5YR 1.43 148.25 148.67 148.67 148.78 0.015618 1.46 0.98 4.58 1.01 0.00)
Reach-2C 220 2YR 0.90 148.25 148.60 148.60 148.69 0.016581 1.34 0.67 3.75 1.01 0.00|
Reach-1A 2105 Regional 8.11 155.11 155.53 155.48 155.55 0.006966 0.70 11.60 92.30 0.63 11.00
Reach-1A 2105 100YR 3.29 155.11 155.44 155.42 155.46 0.008332 0.61 5.35 58.90 0.65 4.98
Reach-1A 210.5 S0YR 2.92 155.11 155.44 155.41 155.45 0.008507 0.60 4.87 56.37 0.65 4.46
Reach-1A 2105 25YR 2.56 155.11 155.43 155.40 155.44 0.008844 0.59 435 53.59 0.66 3.95
Reach-1A 2105 10YR 2.02 155.11 155.41 155.39 155.43 0.009015 0.56 3.64 49.42 0.65 3.20
Reach-1A 2105 5YR 1.67 155.11 155.40 155.38 155.42 0.009298 0.53 3.13 46.25 0.65 2.78




HEC-RAS Plan: Control 1B (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1A 2105 2YR 1.06 155.11 155.38 155.35 155.39 0.009785 0.50 211 35.36 0.66 1.99
Reach-1A 210 Regional 8.11 154.96 155.26 155.21 155.30 0.007366 0.92 8.78 47.83 0.69 10.64
Reach-1A 210 100YR 3.29 154.96 155.16 155.18 0.007573 0.72 4.57 36.89 0.65 4.81
Reach-1A 210 50YR 2.92 154.96 155.15 155.17 0.007577 0.70 4.20) 35.73 0.65 431
Reach-1A 210 25YR 2.56 154.96 155.14 155.16 0.007397 0.66 3.86 34.64 0.63 3.80)
Reach-1A 210 10YR 2.02 154.96 155.12 155.14 0.007491 0.62 3.25 32.59 0.63 3.08
Reach-1A 210 5YR 1.67 154.96 155.11 155.12 0.007414 0.58 2.86 31.19 0.62 2.67
Reach-1A 210 2YR 1.06 154.96 155.08 155.09 0.007364 0.51 2.10 28.28 0.59 1.92
Reach-1A 209 Regional 8.11 154.46 154.74 154.76 0.003402 0.79 15.74 75.27 0.50 9.28
Reach-1A 209 100YR 3.29 154.46 154.63 154.65 0.003391 0.56 8.29 64.67 0.45 4.10|
Reach-1A 209 S0YR 2.92 154.46 154.62 154.63 0.003379 0.54 7.63 63.09 0.45 3.65
Reach-1A 209 25YR 2.56 154.46 154.61 154.62 0.003403 0.51 6.95 62.00 0.44 3.20]
Reach-1A 209 10YR 2.02 154.46 154.59 154.60 0.003398 0.47 5.90 60.48 0.43 2.57
Reach-1A 209 5YR 1.67 154.46 154.58 154.59 0.003404 0.43 5.17 59.39 0.43 2.23
Reach-1A 209 2YR 1.06 154.46 154.56 154.56 0.003357 0.36 3.78 57.26 0.41 1.59
Reach-1A 208.3 Regional 8.11 152.95 153.39 153.39 153.49 0.015561 1.43 5.67 28.04 1.02 7.13
Reach-1A 208.3 100YR 3.29 152.95 153.26 153.26 153.34 0.017328 1.20 2.74 19.16 1.01 2.99
Reach-1A 208.3 50YR 2.92 152.95 153.25 153.25 153.32 0.017687 1.18 2.48 18.13 1.02 2.64]
Reach-1A 208.3 25YR 2.56 152.95 153.24 153.24 153.30 0.017704 1.14 2.24] 17.13 1.01 2.28
Reach-1A 208.3 10YR 2.02 152.95 153.21 153.21 153.27 0.018109 1.09 1.85 15.36 1.01 1.80
Reach-1A 208.3 5YR 1.67 152.95 153.19 153.19 153.25 0.018536 1.05 1.59 14.20 1.01 1.55
Reach-1A 208.3 2YR 1.06 152.95 153.16 153.16 153.20 0.020156 0.97 1.09 11.73 1.02 111
Reach-1A 208.2 Regional 8.11 152.50 152.97 153.02 0.005184 1.00 8.08 29.80 0.62 6.79
Reach-1A 208.2 100YR 3.29 152.50 152.84 152.86 0.003659 0.70 4.70| 22.94 0.49 2.81
Reach-1A 208.2 S0YR 2.92 152.50 152.83 152.85 0.003316 0.65 4.46 22.40 0.47 2.46
Reach-1A 208.2 25YR 2.56 152.50 152.82 152.83 0.002957 0.61 4.23 21.85 0.44 2.12
Reach-1A 208.2 10YR 2.02 152.50 152.79 152.81 0.002532 0.54 3.76 20.73 0.40 1.66
Reach-1A 208.2 5YR 1.67 152.50 152.78 152.79 0.002200 0.48 3.45 19.93 0.37 1.42
Reach-1A 208.2 2YR 1.06 152.50 152.74 152.75 0.001681 0.39 2.73 17.93 0.32 1.01
Reach-1A 208.1 Regional 8.11 152.50 152.85 152.89 0.002514 0.80 11.47 41.75 0.44 6.44
Reach-1A 208.1 100YR 3.29 152.50 152.67 152.70 0.005638 0.72 473 33.55 0.59 2.64
Reach-1A 208.1 50YR 2.92 152.50 152.66 152.62 152.68 0.006807 0.73 4.12 32.71 0.63 231
Reach-1A 208.1 25YR 2.56 152.50 152.64 152.61 152.67 0.008583 0.74 3.52 31.85 0.69 1.98
Reach-1A 208.1 10YR 2.02 152.50 152.61 152.64 0.011499 0.73 2.77 30.75 0.77 1.54
Reach-1A 208.1 5YR 1.67 152.50 152.60 152.59 152.62 0.014705 0.73 2.28 30.02 0.84 1.32
Reach-1A 208.1 2YR 1.06 152.50 152.57 152.57 152.60 0.025045 0.73 1.46 28.54 1.03 0.93
Reach-1A 208 Regional 8.11 151.00 152.19 152.19 152.42 0.009978 2.14 4.68| 15.93 0.92 5.63
Reach-1A 208 100YR 3.29 151.00 152.02 151.91 152.11 0.006061 1.30 2.56 8.47 0.68 2.27
Reach-1A 208 50YR 2.92 151.00 152.01 151.88 152.08 0.005270 1.19 2.47 7.91 0.63 1.98
Reach-1A 208 25YR 2.56 151.00 152.00 152.06 0.004464 1.07 2.39 7.43 0.57 1.69
Reach-1A 208 10YR 2.02 151.00 151.95 152.00 0.004059 0.97 2.08 6.27 0.54 1.30
Reach-1A 208 5YR 1.67 151.00 151.91 151.96 0.003796 0.91 1.83 5.74 0.52 112
Reach-1A 208 2YR 1.06 151.00 151.83 151.86 0.002952 0.77 1.38 4.63 0.45 0.79
Reach-1A 207 Regional 8.11 150.25 151.04 151.07 0.002488 0.91 17.02 55.50 0.46 3.53
Reach-1A 207 100YR 3.29 150.25 150.82 150.79 150.86 0.006474 0.96 5.56 48.85 0.66 1.48
Reach-1A 207 50YR 2.92 150.25 150.80 150.77 150.84 0.007609 0.98 4.50) 48.20 0.70 1.30
Reach-1A 207 25YR 2.56 150.25 150.77 150.76 150.82 0.009471 1.02 3.34 47.45 0.77 112
Reach-1A 207 10YR 2.02 150.25 150.75 150.71 150.79 0.010367 0.98 2.13 23.09 0.79 0.88
Reach-1A 207 5YR 1.67 150.25 150.72 150.69 150.77 0.011091 0.97 1.73 11.79 0.81 0.77
Reach-1A 207 2YR 1.06 150.25 150.65 150.65 150.70 0.016484 1.04 1.02 8.44 0.95 0.56
Reach-1A 206.3 Regional 10.06 149.49 150.47 150.46 150.68 0.006494 2.19 9.27 27.46 0.80 2.32
Reach-1A 206.3 100YR 4.09 149.49 150.25 150.12 150.36 0.004524 1.45 3.94] 20.96 0.63 1.04
Reach-1A 206.3 50YR 3.62 149.49 150.23 150.09 150.32 0.004323 1.37 3.40) 18.16 0.61 0.93
Reach-1A 206.3 25YR 3.18 149.49 150.20 150.05 150.28 0.004081 1.29 2.95 15.23 0.59 0.83
Reach-1A 206.3 10YR 2.51 149.49 150.13 150.20 0.004457 1.21 2.12 7.88 0.60 0.68
Reach-1A 206.3 5YR 2.08 149.49 150.08 150.14 0.004677 1.15 1.81 4.91 0.60 0.60|
Reach-1A 206.3 2YR 1.33 149.49 149.97 150.02 0.004439 1.00 1.33 4.29 0.57 0.44]
Reach-1A 206.2 Regional 10.06 149.25 150.37 150.17 150.42 0.002497 1.11 12.55 33.72 0.48 1.82
Reach-1A 206.2 100YR 4.09 149.25 150.10 149.90 150.14 0.003271 0.92 5.33 23.13 0.50 0.82
Reach-1A 206.2 50YR 3.62 149.25 150.06 149.87 150.10 0.003745 0.94 437 21.87 0.53 0.75
Reach-1A 206.2 25YR 3.18 149.25 150.02 149.83 150.07 0.004240 0.95 3.50] 20.72 0.56 0.68
Reach-1A 206.2 10YR 2.51 149.25 149.94 149.78 149.99 0.003780 0.97 2.59 7.84 0.54 0.57
Reach-1A 206.2 5YR 2.08 149.25 149.90 149.74 149.94 0.003332 0.92 2.27 6.79 0.51 0.50)
Reach-1A 206.2 2YR 1.33 149.25 149.81 149.65 149.84 0.002907 0.78 171 5.92 0.46 0.37
Reach-1A 206.15 Bridge

Reach-1A 206.1 Regional 10.06 149.00 150.01 149.89 150.11 0.004811 1.45 8.12 3047 0.65 1.46
Reach-1A 206.1 100YR 4.09 149.00 149.78 149.71 149.84 0.006131 1.10 3.92 20.84 0.66 0.65
Reach-1A 206.1 S0YR 3.62 149.00 149.76 149.70 149.82 0.005962 1.04 3.64 19.64 0.64 0.59
Reach-1A 206.1 25YR 3.18 149.00 149.74 149.68 149.79 0.006065 0.99 3.31 18.14 0.64 0.54]
Reach-1A 206.1 10YR 2.51 149.00 149.71 149.65 149.75 0.006226 0.91 2.81 15.58 0.63 0.45
Reach-1A 206.1 5YR 2.08 149.00 149.68 149.63 149.72 0.006276 0.85 2.46 14.34 0.63 0.39
Reach-1A 206.1 2YR 1.33 149.00 149.64 149.57 149.66 0.005957 0.72 1.84 11.97 0.59 0.29




HEC-RAS Plan: Control 1B (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1 205 Regional 18.06 147.24 148.38 148.38 148.72 0.010769 2.59 6.96 10.37 1.01 52.76
Reach-1 205 100YR 7.16 147.24 148.02 148.02 148.23 0.012206 2.03 353 8.42 1.00 20.46
Reach-1 205 50YR 6.35 147.24 147.98 147.98 148.18 0.012883 1.99 3.19 8.19 1.02 17.13
Reach-1 205 25YR 5.57 147.24 147.94 147.94 148.13 0.013105 1.92 2.91 7.99 1.01 15.86
Reach-1 205 10YR 4.39 147.24 147.88 147.88 148.05 0.013460 1.79 2.46 7.66 1.01 12.01
Reach-1 205 5YR 3.61 147.24 147.84 147.84 147.99 0.013920 1.69 2.13 7.41 1.01 9.90)
Reach-1 205 2YR 2.30 147.24 147.76 147.76 147.87 0.015634 1.50 1.53 6.93 1.02 7.23
Reach-1 204.75 Regional 18.06 146.00 147.47 147.51 0.001590 1.23 28.77 31.33 0.41 50.10
Reach-1 204.75 100YR 7.16 146.00 146.98 147.00 0.001392 0.79 15.80 19.33 0.35 19.02
Reach-1 204.75 50YR 6.35 146.00 146.93 146.94 0.001355 0.74 14.79 18.82 0.34 15.79
Reach-1 204.75 25YR 5.57 146.00 146.87 146.88 0.001315 0.69 13.76 18.26 0.33 14.62
Reach-1 204.75 10YR 4.39 146.00 146.78 146.79 0.001239 0.61 12.08 17.22 0.31 10.93
Reach-1 204.75 5YR 3.61 146.00 146.70 146.71 0.001164 0.55 10.87 16.29 0.30 8.93
Reach-1 204.75 2YR 2.30 146.00 146.55 146.56 0.000989 0.43 8.56 14.25 0.26 6.48
Reach-1 204.7 Regional 18.06 145.89 146.90 146.90 147.24 0.009955 2.60 7.20 13.11 0.99 48.75
Reach-1 204.7 100YR 7.16 145.89 146.53 146.53 146.74 0.012215 2.07 3.46 8.02 1.01 18.29
Reach-1 204.7 50YR 6.35 145.89 146.49 146.49 146.69 0.012412 2.02 3.14] 7.66 1.01 15.12
Reach-1 204.7 25YR 5.57 145.89 146.44 146.44 146.64 0.012634 1.97 2.83 7.29 1.01 13.99
Reach-1 204.7 10YR 4.39 145.89 146.37 146.37 146.55 0.013138 1.87 2.35 6.75 1.01 10.38
Reach-1 204.7 5YR 3.61 145.89 146.33 146.33 146.49 0.013454 1.77 2.04] 6.47 1.01 8.45
Reach-1 204.7 2YR 2.30 145.89 146.23 146.23 146.36 0.014454 1.57 1.46 5.86 1.01 6.10
Reach-1 204.55 Regional 18.06 145.49 146.67 146.54 146.88 0.005882 2.04 9.33 18.22 0.76 48.62
Reach-1 204.55 100YR 7.16 145.49 146.38 146.47 0.003993 1.32 5.42 10.70 0.59 18.23
Reach-1 204.55 50YR 6.35 145.49 146.34 146.42 0.003873 1.27 5.00 10.21 0.58 15.05
Reach-1 204.55 25YR 5.57 145.49 146.29 146.37 0.003757 1.22 4.56 9.68 0.57 13.93
Reach-1 204.55 10YR 4.39 145.49 146.22 146.29 0.003521 1.12 3.92 8.99 0.54 10.33
Reach-1 204.55 5YR 3.61 145.49 146.17 146.23 0.003523 1.05 3.43 8.67 0.53 8.40)
Reach-1 204.55 2YR 2.30 145.49 146.05 146.10 0.003675 0.93 2.48 7.85 0.53 6.07
Reach-1 204.5 Regional 18.06 145.36 146.54 146.50 146.75 0.008141 2.02 9.55 23.26 0.86 48.45
Reach-1 204.5 100YR 7.16 145.36 146.25 146.37 0.006739 1.52 4.72 11.24 0.75 18.13
Reach-1 204.5 50YR 6.35 145.36 146.22 146.33 0.006166 1.45 437 10.40 0.72 14.97
Reach-1 204.5 25YR 5.57 145.36 146.18 146.28 0.005754 1.39 4.01 9.68 0.69 13.85
Reach-1 204.5 10YR 4.39 145.36 146.13 146.21 0.005298 1.27 3.46 9.00 0.65 10.27
Reach-1 204.5 5YR 3.61 145.36 146.07 146.14 0.005409 1.22 2.97 8.34 0.65 8.35
Reach-1 204.5 2YR 2.30 145.36 145.95 146.01 0.005782 1.12 2.05 6.87 0.65 6.03
Reach-1 204.25 Regional 18.06 145.11 146.29 146.29 146.53 0.009027 2.40 13.34 30.75 0.93 48.16
Reach-1 204.25 100YR 7.16 145.11 146.00 146.00 146.17 0.009646 1.84 5.52 23.49 0.89 18.00
Reach-1 204.25 50YR 6.35 145.11 145.97 145.97 146.13 0.010180 1.80 4.74 22.50 0.91 14.85
Reach-1 204.25 25YR 5.57 145.11 145.91 145.91 146.09 0.010451 1.86 3.62 17.33 0.92 13.76
Reach-1 204.25 10YR 4.39 145.11 145.82 145.82 146.00 0.012549 1.91 2.34 8.76 0.99 10.19
Reach-1 204.25 5YR 3.61 145.11 145.75 145.75 145.93 0.013507 1.87 1.93 5.57 1.01 8.28
Reach-1 204.25 2YR 2.30 145.11 145.64 145.64 145.79 0.014098 1.69 1.36 4.71 1.01 5.99
Reach-1 204 Regional 18.35 144.05 145.07 145.07 145.36 0.009606 2.81 13.91 25.09 1.00 46.82
Reach-1 204 100YR 7.32 144.05 144.78 144.78 144.95 0.008868 2.02 6.99 23.09 0.89 17.40
Reach-1 204 50YR 6.50 144.05 144.75 144.75 144.91 0.008951 1.95 6.30 22.88 0.89 14.32
Reach-1 204 25YR 5.72 144.05 144.71 144.71 144.87 0.009907 1.93 5.35 21.50 0.92 13.33
Reach-1 204 10YR 4.47 144.05 144.65 144.65 144.80 0.010252 1.79 4.19 19.52 0.91 9.89
Reach-1 204 5YR 3.68 144.05 144.62 144.62 144.75 0.010311 1.68 3.47 18.20 0.90 8.03
Reach-1 204 2YR 2.36 144.05 144.54 144.54 144.64 0.011292 1.48 2.12 15.35 0.90 5.83
Reach-1 203 Regional 18.50 142.50 144.84 144.88 0.000516 0.94 30.57 37.19 0.25 45.43
Reach-1 203 100YR 7.42 142.50 143.68 143.68 143.88 0.013017 2.00 3.71 9.28 1.01 17.07
Reach-1 203 50YR 6.58 142.50 143.58 143.58 143.83 0.01191 2.26 2.92 5.56 0.99 14.04
Reach-1 203 25YR 5.79 142.50 143.52 143.52 143.77 0.012353 2.23 2.60 5.15 1.00 13.09
Reach-1 203 10YR 4.52 142.50 143.41 143.41 143.65 0.013010 2.15 2.11 4.61 1.01 9.69
Reach-1 203 5YR 3.72 142.50 143.35 143.35 143.56 0.013354 2.06 1.80 4.26 1.01 7.87
Reach-1 203 2YR 2.37 142.50 143.21 143.21 143.39 0.014213 1.89 1.26 3.56 1.01 5.72
Reach-1 202.75 Regional 18.50 142.43 144.53 143.76 144.80 0.001821 2.28 8.10) 34.89 0.50 44.69
Reach-1 202.75 100YR 7.42 142.43 143.57 143.15 143.72 0.002235 1.69 4.40] 27.05 0.50 16.87
Reach-1 202.75 50YR 6.58 142.43 143.49 143.10 143.62 0.002295 1.62 4.06 26.03 0.50 13.87
Reach-1 202.75 25YR 5.79 142.43 143.40 143.04 143.52 0.002362 1.55 3.73 23.52 0.50 12.94
Reach-1 202.75 10YR 452 142.43 143.25 142.95 143.36 0.002497 1.43 3.16 19.24 0.50 9.58
Reach-1 202.75 5YR 3.72 142.43 143.15 142.89 143.24 0.002608 1.34 2.78 17.19 0.50 7.77
Reach-1 202.75 2YR 2.37 142.43 142.96 142.77 143.03 0.002885 1.15 2.06 13.96 0.50 5.66
Reach-1 202.5 Culvert

Reach-1 202.25 Regional 18.50 142.28 143.61 143.61 144.28 0.015465 3.60 5.13 4.15 1.00 43.83
Reach-1 202.25 100YR 7.42 142.28 143.01 143.01 143.37 0.014926 2.66 2.79 3.85 1.00 16.50
Reach-1 202.25 50YR 6.58 142.28 142.95 142.95 143.28 0.014965 2.56 2.57 3.85 1.00 13.54
Reach-1 202.25 25YR 5.79 142.28 142.89 142.89 143.20 0.015170 2.46 2.35 3.85 1.00 12.65
Reach-1 202.25 10YR 4.52 142.28 142.80 142.80 143.06 0.015000 2.25 2.01 3.85 1.00 9.35
Reach-1 202.25 5YR 3.72 142.28 142.75 142.74 142.97 0.014073 2.06 1.80 3.85 0.96 7.58
Reach-1 202.25 2YR 2.37 142.28 142.69 142.62 142.80 0.008686 1.51 1.57 3.85 0.75 5.53
Reach-1 202 Regional 18.50 142.20 143.23 143.28 0.001506 1.22 28.92 49.26 0.41 43.48
Reach-1 202 100YR 7.42 142.20 142.68 142.68 142.82 0.010868 1.75 5.74 25.51 0.93 16.42




HEC-RAS Plan: Control 1B (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1 202 50YR 6.58 142.20 142.64 142.64 142.79 0.012410 1.75 4.89 22.58 0.98 13.47
Reach-1 202 25YR 5.79 142.20 142.63 142.63 142.75 0.011562 1.63 453 21.79 0.94 12.58
Reach-1 202 10YR 452 142.20 142.59 142.59 142.70 0.011975 1.51 3.66 20.40 0.93 9.30)
Reach-1 202 5YR 3.72 142.20 142.56 142.56 142.66 0.012476 1.42 3.07 19.43 0.93 7.54
Reach-1 202 2YR 2.37 142.20 142.49 142.49 142.58 0.014838 1.27 1.92 15.96 0.97 5.49
Reach-1 201 Regional 18.50 141.65 143.21 143.24 0.000486 0.94 37.17 39.45 0.25 42.01
Reach-1 201 100YR 7.42 141.65 142.60 142.63 0.000751 0.82 14.98 31.92 0.28 15.94
Reach-1 201 50YR 6.58 141.65 142.53 142.56 0.000869 0.83 12.64 30.72 0.30 13.06
Reach-1 201 25YR 5.79 141.65 142.50 142.52 0.000789 0.77 11.76 30.16 0.28 12.20
Reach-1 201 10YR 4.52 141.65 142.39 142.42 0.000861 0.73 8.90) 25.56 0.29 9.00|
Reach-1 201 5YR 3.72 141.65 142.33 142.36 0.000853 0.68 7.43 22.92 0.28 7.28
Reach-1 201 2YR 2.37 141.65 142.25 142.26 0.000632 0.52 5.61 19.22 0.24 5.31
Reach-1 171 Regional 28.90 141.65 142.97 142.70 143.11 0.002516 1.90 27.97 37.97 0.55 38.99
Reach-1 171 100YR 8.17 141.65 142.44 142.21 142.50 0.002213 1.21 9.98 27.36 0.47 14.77
Reach-1 171 50YR 6.60 141.65 142.36 142.15 142.42 0.002210 1.13 8.15 24.25 0.46 12.09
Reach-1 171 25YR 6.10 141.65 142.34 142.13 142.40 0.00220: 1.10 7.58| 23.20 0.46 11.30
Reach-1 171 10YR 4.37 141.65 142.25 142.05 142.29 0.002182 0.97 5.57 19.13 0.44 8.32
Reach-1 171 5YR 3.52 141.65 142.19 142.01 142.23 0.002166 0.89 4.59 16.80 0.43 6.72
Reach-1 171 2YR 2.57 141.65 142.12 141.95 142.15 0.002101 0.79 3.54 13.88 0.41 4.88
Reach-1 170 Bridge

Reach-1 169 Regional 28.90 141.65 142.70 142.70 142.99 0.007134 2.71 18.27 33.54 0.89 38.49
Reach-1 169 100YR 8.17 141.65 142.21 142.21 142.40 0.009752 1.96 4.98 17.76 0.92 14.61
Reach-1 169 50YR 6.60 141.65 142.15 142.15 142.32 0.010567 1.86 3.98 15.15 0.94 11.95
Reach-1 169 25YR 6.10 141.65 142.13 142.13 142.30 0.011146 1.83 3.63 14.16 0.95 11.17
Reach-1 169 10YR 4.37 141.65 142.05 142.05 142.19 0.013010 1.69 2.63 10.71 0.99 8.23
Reach-1 169 5YR 3.52 141.65 142.01 142.01 142.13 0.014215 1.59 221 8.88 1.01 6.65
Reach-1 169 2YR 2.57 141.65 141.95 141.95 142.06 0.014892 1.45 177 8.23 1.00 4.83
Reach-1 164 Regional 28.90 138.30 139.25 139.39 0.007256 1.51 18.32 23.62 0.61 35.35
Reach-1 164 100YR 8.17 138.30 138.83 138.86 0.002624 0.51 10.37 14.75 0.32 13.27
Reach-1 164 50YR 6.60 138.30 138.74 138.76 0.002349 0.41 9.12 13.62 0.29 10.81
Reach-1 164 25YR 6.10 138.30 138.69 138.72 0.002374 0.38 8.50) 12.97 0.29 10.12
Reach-1 164 10YR 437 138.30 138.54 138.56 0.002100 0.28 6.77 10.44 0.25 7.41
Reach-1 164 5YR 3.52 138.30 138.46 138.47 0.001886 0.19 5.92 9.30 0.22 5.94]
Reach-1 164 2YR 2.57 138.30 138.34 138.36 0.001562 0.07 4.96 7.74 0.16 4.24]
Reach-1 163 Regional 28.90 137.20 138.47 138.55 0.005133 1.90 30.33 59.32 0.57 32.03
Reach-1 163 100YR 8.17 137.20 138.08 137.99 138.23 0.009915 1.99 7.75 50.21 0.74 12.04
Reach-1 163 50YR 6.60 137.20 138.02 137.97 138.17 0.010628 1.93 5.32 22.77 0.76 9.83
Reach-1 163 25YR 6.10 137.20 137.99 137.97 138.13 0.010185 1.84 4.82 15.66 0.74 9.21
Reach-1 163 10YR 4.37 137.20 137.90 137.86 138.02 0.009858 1.65 3.61 13.13 0.71 6.70
Reach-1 163 5YR 3.52 137.20 137.84 137.80 137.96 0.010879 1.59 2.82 11.19 0.73 5.34]
Reach-1 163 2YR 2.57 137.20 137.74 137.72 137.86 0.015146 1.60 1.81 8.05 0.82 3.77
Reach-1 162 Regional 28.90 135.60 136.76 136.76 137.01 0.016983 3.06 16.52 33.14 1.02 27.93
Reach-1 162 100YR 8.17 135.60 136.46 136.55 0.008365 1.65 8.05 23.23 0.67 10.63
Reach-1 162 50YR 6.60 135.60 136.42 136.32 136.49 0.007713 1.51 7.02 21.71 0.63 8.72
Reach-1 162 25YR 6.10 135.60 136.39 136.46 0.007886 1.48 6.54 20.96 0.64 8.19
Reach-1 162 10YR 4.37 135.60 136.32 136.38 0.007899 1.34 5.01 18.41 0.62 5.92
Reach-1 162 5YR 3.52 135.60 136.28 136.33 0.007036 1.21 4.42 17.31 0.58 4.68
Reach-1 162 2YR 2.57 135.60 136.25 136.28 0.005238 0.99 3.87 16.23 0.49 3.25
Reach-1 161 Regional 28.90 134.10 135.30 135.17 135.36 0.005788 1.77 31.56 67.18 0.58 24.00
Reach-1 161 100YR 8.17 134.10 134.98 134.98 135.07 0.008814 1.68 10.93 62.89 0.67 9.05
Reach-1 161 50YR 6.60 134.10 134.95 134.95 135.03 0.009136 1.64 8.64 54.87 0.68 7.42
Reach-1 161 25YR 6.10 134.10 134.94 134.94 135.02 0.008737 1.59 8.14] 52.96 0.66 6.96
Reach-1 161 10YR 4.37 134.10 134.89 134.89 134.97 0.008112 1.44 5.85 43.08 0.63 5.00
Reach-1 161 5YR 3.52 134.10 134.85 134.85 134.93 0.008870 1.43 4.23 34.42 0.65 3.94
Reach-1 161 2YR 2.57 134.10 134.76 134.69 134.87 0.012829 1.52 2.03 16.61 0.76 2.74]
Reach-1 160 Regional 28.90 132.50 134.02 134.06 0.003131 1.45 37.31 64.17 0.42 13.44
Reach-1 160 100YR 8.17 132.50 133.61 133.64 0.002166 0.99 15.54 41.27 0.33 4.97
Reach-1 160 50YR 6.60 132.50 133.54 133.57 0.002221 0.96 12.79 37.14 0.33 4.10|
Reach-1 160 25YR 6.10 132.50 133.52 133.29 133.54 0.002198 0.94 11.99 35.85 0.33 3.84
Reach-1 160 10YR 4.37 132.50 133.41 133.44 0.002411 0.92 8.52 29.61 0.34 2.77
Reach-1 160 5YR 3.52 132.50 133.35 133.38 0.002582 0.91 6.73 25.80 0.35 2.23
Reach-1 160 2YR 2.57 132.50 133.28 133.30 0.002499 0.84 5.01 2154 0.34 1.63




HEC-RAS Model Results for
14W-16, 14W-21, 14W-22,
14W-12A and 14W-12
------- Phase 2 Condition
(Controlled Flow)



HEC-RAS Plan: Control 2

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-2A 309 Regional 0.52 154.00 154.33 154.35 0.003014 0.62 1.09 11.42 0.44 9.31
Reach-2A 309 100YR 0.18 154.00 154.20 154.22 0.005856 0.55 0.33 3.23 0.55 2.82
Reach-2A 309 50YR 0.16 154.00 154.19 154.21 0.006014 0.54 0.30) 3.08 0.56 2.45
Reach-2A 309 25YR 0.14 154.00 154.18 154.20 0.006168 0.53 0.27 2.91 0.56 2.14]
Reach-2A 309 10YR 0.10 154.00 154.16 154.17 0.006776 0.50 0.20| 2.52 0.57 1.77
Reach-2A 309 5YR 0.08 154.00 154.14 154.16 0.007334 0.49 0.16 2.29 0.58 1.54
Reach-2A 309 2YR 0.04 154.00 154.11 154.12 0.009221 0.45 0.09 1.69 0.62 1.09
Reach-2A 308 Regional 0.52 153.50 153.93 153.93 153.98 0.008047 1.18 1.16 12.28 0.72 9.22
Reach-2A 308 100YR 0.18 153.50 153.87 153.78 153.89 0.003144 0.63 0.52 8.66 0.43 2.79
Reach-2A 308 50YR 0.16 153.50 153.86 153.76 153.88 0.003113 0.60 0.43 7.46 0.42 2.42
Reach-2A 308 25YR 0.14 153.50 153.84 153.75 153.86 0.003111 0.58 0.34] 6.05 0.42 2.12
Reach-2A 308 10YR 0.10 153.50 153.81 153.72 153.83 0.003104 0.51 0.20| 2.54 0.41 1.76
Reach-2A 308 5YR 0.08 153.50 153.79 153.70 153.80 0.003065 0.47 0.17 1.16 0.40 1.52
Reach-2A 308 2YR 0.04 153.50 153.73 153.65 153.73 0.002969 0.39 0.10| 0.90 0.37 1.08
Reach-2A 307 Regional 0.52 153.00 153.63 153.64 0.000474 0.41 3.88 14.05 0.19 9.01
Reach-2A 307 100YR 0.18 153.00 153.28 153.28 153.35 0.019448 1.17 0.15 1.08 0.99 2.76
Reach-2A 307 50YR 0.16 153.00 153.27 153.27 153.34 0.020779 1.16 0.14] 1.02 1.01 2.39
Reach-2A 307 25YR 0.14 153.00 153.26 153.26 153.32 0.021274 1.13 0.12 0.97 1.02 2.10
Reach-2A 307 10YR 0.10 153.00 153.22 153.22 153.28 0.022222 1.06 0.09 0.85 1.01 1.74
Reach-2A 307 5YR 0.08 153.00 153.20 153.20 153.26 0.022798 1.01 0.08 0.78 1.01 1.51
Reach-2A 307 2YR 0.04 153.00 153.16 153.16 153.19 0.024124 0.87 0.05 0.59 1.00 1.08
Reach-2A 306 Regional 0.52 152.60 153.63 153.63 0.000033 0.16 10.05 16.74 0.06 8.54]
Reach-2A 306 100YR 0.18 152.60 153.30 153.30 0.000032 0.12 4.82 14.64 0.05 2.60)
Reach-2A 306 50YR 0.16 152.60 153.26 153.26 0.000036 0.12 4.27 14.31 0.05 2.25
Reach-2A 306 25YR 0.14 152.60 153.22 153.22 0.000040 0.12 371 13.98 0.05 1.97
Reach-2A 306 10YR 0.10 152.60 153.15 153.15 0.000046 0.11 2.73 13.37 0.06 1.65
Reach-2A 306 5YR 0.08 152.60 153.10 153.10 0.000060 0.12 2.06 12.94 0.06 1.44
Reach-2A 306 2YR 0.04 152.60 153.01 153.01 0.000082 0.11 0.91 12.16 0.07 1.05
Reach-2A 305 Regional 6.52 152.12 153.32 153.32 153.49 0.005923 1.99 7.92 35.91 0.73 7.82
Reach-2A 305 100YR 251 152.12 153.07 152.92 153.17 0.004948 1.39 2.05 10.64 0.62 2.32
Reach-2A 305 50YR 2.22 152.12 153.04 152.88 153.13 0.004818 1.32 1.76 7.56 0.61 2.01
Reach-2A 305 25YR 1.94 152.12 153.01 153.09 0.004705 1.24 1.57 4.19 0.59 1.76
Reach-2A 305 10YR 151 152.12 152.93 153.00 0.004561 1.15 1.32 3.24 0.57 1.49
Reach-2A 305 5YR 1.23 152.12 152.87 152.93 0.004611 1.09 112 2.99 0.57 1.31
Reach-2A 305 2YR 0.77 152.12 152.75 152.80 0.004818 0.99 0.78 2.49 0.56 0.98
Reach-2A 304 Regional 6.52 151.63 153.00 152.83 153.06 0.001874 1.28 14.75 39.40 0.42 6.46
Reach-2A 304 100YR 2.51 151.63 152.66 152.42 152.72 0.002820 1.16 3.28 19.07 0.48 2.00)
Reach-2A 304 50YR 2.22 151.63 152.61 152.38 152.68 0.002969 1.13 2.56| 14.82 0.49 1.75
Reach-2A 304 25YR 1.94 151.63 152.57 152.34 152.63 0.003057 1.09 2.02 10.60 0.49 1.55
Reach-2A 304 10YR 1.51 151.63 152.50 152.28 152.55 0.003106 0.99 1.52 3.53 0.48 1.32
Reach-2A 304 5YR 1.23 151.63 152.44 152.22 152.48 0.003039 0.93 1.32 3.26 0.47 1.17
Reach-2A 304 2YR 0.77 151.63 152.31 152.12 152.35 0.002922 0.82 0.94] 2.75 0.45 0.88
Reach-2A 303 Regional 6.67 151.46 152.63 152.63 152.86 0.008279 2.29 4.78 33.18 0.85 6.03
Reach-2A 303 100YR 2.58 151.46 152.27 152.27 152.46 0.013693 1.98 1.31 3.24 0.99 1.91
Reach-2A 303 50YR 2.27 151.46 152.22 152.22 152.41 0.014068 1.93 117 3.07 1.00 1.67
Reach-2A 303 25YR 1.98 151.46 152.18 152.18 152.36 0.014324 1.88 1.05 2.91 1.00 1.48
Reach-2A 303 10YR 1.55 151.46 152.12 152.12 152.28 0.014719 1.79 0.87 2.64 1.00 1.27
Reach-2A 303 5YR 1.27 151.46 152.07 152.07 152.22 0.015200 1.72 0.74] 2.44 1.00 1.13
Reach-2A 303 2YR 0.79 151.46 151.96 151.96 152.09 0.016533 1.58 0.50] 2.01 1.01 0.85
Reach-2A 302.5 Culvert

Reach-2A 302 Regional 6.67 151.29 152.56 152.46 152.72 0.004972 1.93 5.95 38.75 0.68 5.49
Reach-2A 302 100YR 2.58 151.29 152.27 152.10 152.36 0.004397 1.35 2.33 13.09 0.59 1.55
Reach-2A 302 50YR 2.27 151.29 152.23 152.05 152.31 0.004394 1.29 1.93 9.49 0.58 1.33
Reach-2A 302 25YR 1.98 151.29 152.19 152.02 152.27 0.004389 1.22 1.64 5.70 0.58 1.16
Reach-2A 302 10YR 1.55 151.29 152.12 151.95 152.18 0.004356 1.13 1.37 3.30 0.56 0.98
Reach-2A 302 5YR 1.27 151.29 152.06 151.90 152.12 0.004356 1.08 1.18 3.06 0.56 0.86
Reach-2A 302 2YR 0.79 151.29 151.93 151.79 151.98 0.004345 0.96 0.82 2.56 0.54 0.63
Reach-2A 301 Regional 6.67 150.79 152.04 152.00 152.16 0.004327 1.78 9.97 38.67 0.63 4.29
Reach-2A 301 100YR 2.58 150.79 151.77 151.59 151.86 0.004142 1.33 2.49 14.37 0.57 1.27
Reach-2A 301 50YR 2.27 150.79 151.73 151.55 151.81 0.004142 1.27 2.04 10.75 0.57 1.10
Reach-2A 301 25YR 1.98 150.79 151.69 151.77 0.004143 1.20 1.70 6.94 0.56 0.96
Reach-2A 301 10YR 1.55 150.79 151.62 151.69 0.004160 1.11 1.39 3.35 0.55 0.81
Reach-2A 301 5YR 1.27 150.79 151.56 151.62 0.004164 1.06 1.20 3.11 0.54 0.72
Reach-2A 301 2YR 0.79 150.79 151.44 151.48 0.004196 0.94 0.84] 2.60 0.53 0.53
Reach-2A 300 Regional 6.67 150.40 151.68 151.61 151.79 0.003681 1.67 10.82 38.80 0.58 3.32
Reach-2A 300 100YR 2.58 150.40 151.39 151.21 151.47 0.004098 1.32 2.48 14.12 0.57 1.04
Reach-2A 300 50YR 2.27 150.40 151.35 151.17 151.43 0.004114 1.26 2.02 10.42 0.57 0.91
Reach-2A 300 25YR 1.98 150.40 151.31 151.13 151.38 0.004124 1.20 1.69 6.55 0.56 0.80)
Reach-2A 300 10YR 1.55 150.40 151.24 151.06 151.30 0.004113 1.11 1.40 3.33 0.55 0.68
Reach-2A 300 5YR 1.27 150.40 151.18 151.01 151.23 0.004120 1.06 1.20 3.09 0.54 0.61
Reach-2A 300 2YR 0.79 150.40 151.05 150.90 151.10 0.004065 0.93 0.85 2.59 0.52 0.45
Reach-2A 299 Regional 6.67 150.05 151.29 151.27 151.43 0.004789 1.85 9.36 38.57 0.66 2.47
Reach-2A 299 100YR 2.58 150.05 151.03 150.85 151.12 0.004257 1.34 2.40 13.59 0.58 0.83




HEC-RAS Plan: Control 2 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-2A 299 50YR 2.27 150.05 151.00 150.81 151.08 0.004229 1.28 1.98 10.03 0.57 0.74]
Reach-2A 299 25YR 1.98 150.05 150.96 151.03 0.004197 1.21 1.68 6.31 0.56 0.66
Reach-2A 299 10YR 1.55 150.05 150.89 150.95 0.004119 111 1.40 3.33 0.55 0.57
Reach-2A 299 5YR 1.27 150.05 150.83 150.88 0.004153 1.06 1.20 3.09 0.54 0.50)
Reach-2A 299 2YR 0.79 150.05 150.70 150.74 0.004271 0.95 0.83 2.57 0.53 0.38
Reach-2A 298 Regional 6.67 149.76 151.15 150.98 151.20 0.001845 1.28 15.11 39.46 0.42 1.60
Reach-2A 298 100YR 2.58 149.76 150.79 150.57 150.86 0.003061 1.20 3.16 18.33 0.50 0.63
Reach-2A 298 50YR 2.27 149.76 150.74 150.52 150.81 0.003226 1.17 2.44 13.89 051 0.58|
Reach-2A 298 25YR 1.98 149.76 150.70 150.76 0.003365 1.13 1.92 9.40 0.51 0.53
Reach-2A 298 10YR 1.55 149.76 150.63 150.68 0.003431 1.04 1.49 3.45 0.50 0.46
Reach-2A 298 5YR 1.27 149.76 150.57 150.62 0.003353 0.98 1.30 3.21 0.49 0.42
Reach-2A 298 2YR 0.79 149.76 150.44 150.48 0.003217 0.86 0.92 2.71 0.47 0.32
Reach-2A 297 Regional 6.67 149.64 150.81 150.81 151.05 0.008280 2.29 476 32.70 0.85 1.27
Reach-2A 297 100YR 2.58 149.64 150.44 150.44 150.65 0.014136 2.00 1.29 3.21 1.01 0.57
Reach-2A 297 50YR 2.27 149.64 150.40 150.40 150.60 0.014289 1.95 117 3.05 1.01 0.53
Reach-2A 297 25YR 1.98 149.64 150.36 150.36 150.55 0.014380 1.89 1.05 2.90 1.00 0.49
Reach-2A 297 10YR 1.55 149.64 150.30 150.30 150.46 0.014775 1.79 0.86 2.63 1.00 0.43
Reach-2A 297 5YR 1.27 149.64 150.25 150.25 150.40 0.015325 1.73 0.73 2.42 1.00 0.39
Reach-2A 297 2YR 0.79 149.64 150.14 150.14 150.27 0.016254 1.57 0.50] 2.01 1.00 0.30)
Reach-2A 296.5 Culvert

Reach-2A 296 Regional 6.67 149.44 150.62 150.62 150.86 0.008262 2.29 4.75 32.43 0.85 0.56
Reach-2A 296 100YR 2.58 149.44 150.25 150.25 150.45 0.013788 1.99 1.30 3.20 1.00 0.11
Reach-2A 296 50YR 2.27 149.44 150.21 150.21 150.40 0.014033 1.94 1.17 3.04 1.00 0.09
Reach-2A 296 25YR 1.98 149.44 150.17 150.17 150.35 0.014129 1.88 1.05 2.89 0.99 0.08
Reach-2A 296 10YR 1.55 149.44 150.10 150.10 150.27 0.014733 1.79 0.86 2.61 1.00 0.07
Reach-2A 296 5YR 1.27 149.44 150.05 150.05 150.20 0.015438 1.74 0.73 2.40 1.01 0.06
Reach-2A 296 2YR 0.79 149.44 149.94 149.94 150.07 0.016360 1.58 0.50] 1.99 1.00 0.04]
Reach-2B 231.1 Regional 0.22 148.25 149.20 149.20 0.000002 0.04 15.40 38.95 0.01 0.76
Reach-2B 231.1 100YR 0.09 148.25 148.97 148.97 0.000001 0.03 7.54 27.08 0.01 0.36|
Reach-2B 231.1 50YR 0.08 148.25 148.93 148.93 0.000001 0.03 6.70 25.38 0.01 0.33
Reach-2B 2311 25YR 0.07 148.25 148.90 148.90 0.000001 0.03 5.92 23.69 0.01 0.29
Reach-2B 231.1 10YR 0.06 148.25 148.85 148.85 0.000001 0.03 4.72 20.85 0.01 0.23
Reach-2B 231.1 5YR 0.05 148.25 148.80 148.80 0.000001 0.02 3.88 18.59 0.01 0.19
Reach-2B 231.1 2YR 0.04 148.25 148.72 148.72 0.000002 0.02 2.56 14.37 0.01 0.13
Reach-2B 231 Regional 0.22 148.25 149.20 149.20 0.000002 0.04 15.40 38.95 0.01 0.75
Reach-2B 231 100YR 0.09 148.25 148.97 148.97 0.000001 0.03 7.54 27.08 0.01 0.36
Reach-2B 231 50YR 0.08 148.25 148.93 148.93 0.000001 0.03 6.70 25.38 0.01 0.32
Reach-2B 231 25YR 0.07 148.25 148.90 148.90 0.000001 0.03 5.92 23.69 0.01 0.28
Reach-2B 231 10YR 0.06 148.25 148.85 148.85 0.000001 0.03 472 20.85 0.01 0.23
Reach-2B 231 5YR 0.05 148.25 148.80 148.80 0.000001 0.02 3.88 18.59 0.01 0.19
Reach-2B 231 2YR 0.04 148.25 148.72 148.72 0.000002 0.02 2.56 14.37 0.01 0.13
Reach-2B 220.3 Regional 0.22 148.25 149.20 149.20 0.000001 0.04 20.69 58.34 0.01 0.67
Reach-2B 220.3 100YR 0.09 148.25 148.97 148.97 0.000001 0.02 10.08 32.81 0.01 0.32
Reach-2B 220.3 50YR 0.08 148.25 148.93 148.93 0.000001 0.02 9.06 31.07 0.01 0.28
Reach-2B 2203 25YR 0.07 148.25 148.90 148.90 0.000001 0.02 8.09 29.33 0.01 0.25
Reach-2B 220.3 10YR 0.06 148.25 148.85 148.85 0.000001 0.02 6.59 26.42 0.01 0.20|
Reach-2B 220.3 5YR 0.05 148.25 148.80 148.80 0.000001 0.02 5.51 24.10 0.01 0.17
Reach-2B 220.3 2YR 0.04 148.25 148.72 148.72 0.000002 0.02 3.76 19.78 0.01 0.11
Reach-2B 220.2 Regional 0.22 148.57 149.20 149.20 0.000022 0.10 2.54 5.99 0.04 0.03
Reach-2B 220.2 100YR 0.09 148.57 148.96 148.97 0.000027 0.08 1.25 4.89 0.05 0.01
Reach-2B 220.2 50YR 0.08 148.57 148.93 148.93 0.00003: 0.08 1.10 4.74 0.05 0.01
Reach-2B 220.2 25YR 0.07 148.57 148.90 148.90 0.000038 0.08 0.95 4.59 0.05 0.01
Reach-28 220.2 10YR 0.06 148.57 148.85 148.85 0.000069 0.09 071 4.34 0.07 0.00|
Reach-2B 220.2 5YR 0.05 148.57 148.80 148.80 0.000124 0.10 0.53 4.14 0.08 0.00|
Reach-2B 220.2 2YR 0.04 148.57 148.72 148.72 0.000910 0.18 0.22 3.00 0.21 0.00|
Reach-2C 2201 Regional 6.89 148.25 149.11 149.08 149.18 0.004670 1.32 11.84 61.78 0.63 0.04]
Reach-2C |220.1 100YR 2.66 148.25 148.86 148.79 148.94 0.007540 1.28 2.28 14.20 0.75 0.01
Reach-2C |220.1 50YR 2.34 148.25 148.83 148.76 148.91 0.007681 1.25 1.95 9.41 0.75 0.01
Reach-2C 220.1 25YR 2.05 148.25 148.80 148.74 148.88 0.007928 1.22 1.70 7.64 0.75 0.01
Reach-2C  |220.1 10YR 1.61 148.25 148.75 148.69 148.82 0.008181 1.16 1.39 5.69 0.75 0.01
Reach-2C 2201 5YR 1.31 148.25 148.71 148.77 0.008039 1.12 1.17 5.05 0.74 0.01
Reach-2C |220.1 2YR 0.83 148.25 148.64 148.69 0.007803 0.99 0.84] 4.23 0.71 0.00|
Reach-2C 220 Regional 6.89 148.25 149.08 149.08 149.18 0.006687 1.53 9.60| 60.26 0.75 0.02
Reach-2C 220 100YR 2.66 148.25 148.79 148.79 148.93 0.014249 1.63 1.65 7.26 1.01 0.01
Reach-2C 220 50YR 2.34 148.25 148.76 148.76 148.89 0.014908 1.60 1.46 5.83 1.02 0.01
Reach-2C 220 25YR 2.05 148.25 148.74 148.74 148.86 0.014820 1.55 1.32 5.49 1.01 0.01
Reach-2C 220 10YR 1.61 148.25 148.69 148.69 148.81 0.015467 1.50 1.07 4.81 1.02 0.01
Reach-2C 220 5YR 1.31 148.25 148.66 148.66 148.76 0.015742 1.44 091 4.42 1.01 0.00
Reach-2C 220 2YR 0.83 148.25 148.58 148.58 148.67 0.016802 1.32 0.63 3.63 1.01 0.00|
Reach-1A 210.5 Regional 7.95 155.11 155.53 155.48 155.55 0.007070 0.70 11.38 91.64 0.63 11.05
Reach-1A 2105 100YR 3.23 155.11 155.44 155.42 155.46 0.008353 0.61 5.28 58.51 0.65 4.99
Reach-1A 2105 50YR 2.86 155.11 155.43 155.41 155.45 0.008552 0.60 4.78 55.93 0.65 4.45
Reach-1A 2105 25YR 251 155.11 155.43 155.40 155.44 0.008845 0.58 4.29 53.24 0.66 3.93




HEC-RAS Plan: Control 2 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1A 2105 10YR 1.98 155.11 155.41 155.39 155.43 0.008933 0.55 3.60 49.17 0.65 3.19
Reach-1A 210.5 5YR 1.63 155.11 155.40 155.38 155.42 0.009285 0.53 3.08 45.90 0.65 2.76
Reach-1A 2105 2YR 1.04 155.11 155.38 155.35 155.39 0.009843 0.50 2.06 34.61 0.66 1.99
Reach-1A 210 Regional 7.95 154.96 155.26 155.21 155.30 0.007291 0.92 8.69 47.62 0.68 10.70
Reach-1A 210 100YR 3.23 154.96 155.16 155.18 0.007584 0.72 451 36.70 0.65 4.82
Reach-1A 210 50YR 2.86 154.96 155.15 155.17 0.007552 0.69 4.14] 35.55 0.65 4.30|
Reach-1A 210 25YR 2.51 154.96 155.14 155.16 0.007427 0.66 3.80 34.44 0.64 3.79
Reach-1A 210 10YR 1.98 154.96 155.12 155.14 0.007587 0.62 3.20 32.39 0.63 3.07
Reach-1A 210 5YR 1.63 154.96 155.11 155.12 0.007450 0.58 2.81 31.00 0.62 2.66
Reach-1A 210 2YR 1.04 154.96 155.08 155.09 0.007375 0.50 2.07 28.16 0.59 1.92
Reach-1A 209 Regional 7.95 154.46 154.73 154.76 0.003438 0.79 15.46 75.06 0.50 9.36
Reach-1A 209 100YR 3.23 154.46 154.63 154.64 0.003382 0.56 8.19 64.43 0.45 411
Reach-1A 209 S0YR 2.86 154.46 154.62 154.63 0.003381 0.53 7.52 62.82 0.45 3.65
Reach-1A 209 25YR 2.51 154.46 154.61 154.62 0.003399 0.51 6.85 61.87 0.44 3.20
Reach-1A 209 10YR 1.98 154.46 154.59 154.60 0.003367 0.46 5.84] 60.39 0.43 257
Reach-1A 209 5YR 1.63 154.46 154.58 154.59 0.003391 0.43 5.09 59.27 0.43 2.22
Reach-1A 209 2YR 1.04 154.46 154.56 154.56 0.003348 0.36 3.74 57.19 0.40 1.60
Reach-1A 208.3 Regional 7.95 152.95 153.39 153.39 153.49 0.015290 1.41 5.62 27.93 1.01 7.24
Reach-1A 208.3 100YR 3.23 152.95 153.26 153.26 153.33 0.017491 1.20 2.69 18.97 1.02 3.02
Reach-1A 208.3 50YR 2.86 152.95 153.25 153.25 153.32 0.017761 1.17 2.44 17.96 1.02 2.66
Reach-1A 208.3 25YR 2.51 152.95 153.23 153.23 153.30 0.017787 1.14 2.20 16.97 1.01 2.29
Reach-1A 208.3 10YR 1.98 152.95 153.21 153.21 153.27 0.018542 1.10 1.80 15.16 1.02 1.81
Reach-1A 208.3 5YR 1.63 152.95 153.19 153.19 153.25 0.018713 1.05 1.55 14.04 1.01 1.56
Reach-1A 208.3 2YR 1.04 152.95 153.15 153.15 153.20 0.020257 0.97 1.07 11.63 1.02 1.12
Reach-1A 208.2 Regional 8.10 152.50 153.06 152.87 153.09 0.001972 0.82 9.97 35.34 0.41 6.83
Reach-1A 208.2 100YR 3.29 152.50 152.86 152.74 152.88 0.002607 0.63 5.26 24.17 0.42 2.82
Reach-1A 208.2 S0YR 2.91 152.50 152.84 152.72 152.86 0.002676 0.60 4.82 23.20 0.42 2.47
Reach-1A 208.2 25YR 2.55 152.50 152.82 152.71 152.84 0.002632 0.58 4.40| 22.25 0.42 2.13
Reach-1A 208.2 10YR 2.01 152.50 152.79 152.69 152.81 0.002533 0.54 3.75 20.69 0.40 1.67
Reach-1A 208.2 SYR 1.67 152.50 152.77 152.67 152.78 0.002449 0.50 3.31 19.59 0.39 1.44
Reach-1A 208.2 2YR 1.06 152.50 152.73 152.63 152.74 0.002135 0.42 2.49 17.19 0.36 1.03
Reach-1A 208.15 Bridge

Reach-1A 208.1 Regional 8.10 152.45 152.90 152.75 152.95 0.002749 0.94 8.65 44.10 0.48 6.53
Reach-1A 208.1 100YR 3.29 152.45 152.69 152.64 152.72 0.005978 0.82 3.99 34.28 0.62 2.67
Reach-1A 208.1 50YR 2.91 152.45 152.67 152.63 152.70 0.007221 0.83 3.50 33.27 0.66 2.33
Reach-1A 208.1 25YR 2.55 152.45 152.65 152.62 152.68 0.009137 0.85 3.02 32.25 0.73 1.99
Reach-1A 208.1 10YR 2.01 152.45 152.62 152.60 152.65 0.012110 0.84 2.40 30.97 0.81 155
Reach-1A 208.1 5YR 1.67 152.45 152.60 152.59 152.64 0.015569 0.84 1.99 30.12 0.89 1.33
Reach-1A 208.1 2YR 1.06 152.45 152.57 152.57 152.60 0.022738 0.78 1.35 28.61 1.01 0.95
Reach-1A 208 Regional 8.10 151.00 152.19 152.19 152.42 0.009984 2.14 4.68 15.91 0.92 5.60)
Reach-1A 208 100YR 3.29 151.00 152.02 151.91 152.11 0.006043 1.30 2.57 8.49 0.67 2.26
Reach-1A 208 S0YR 2.91 151.00 152.01 151.88 152.08 0.005240 1.18 2.47 7.90 0.63 1.97
Reach-1A 208 25YR 2.55 151.00 152.00 152.06 0.004444 1.07 2.39 7.41 0.57 1.67
Reach-1A 208 10YR 2.01 151.00 151.95 152.00 0.004057 0.97 2.07 6.26 0.54 1.29
Reach-1A 208 5YR 1.67 151.00 151.91 151.96 0.003796 0.91 1.83 5.74 0.52 111
Reach-1A 208 2YR 1.06 151.00 151.83 151.86 0.002952 0.77 1.38 4.63 0.45 0.79
Reach-1A 207 Regional 8.10 150.25 151.04 151.07 0.002494 0.91 16.99 55.48 0.46 3.51
Reach-1A 207 100YR 3.29 150.25 150.82 150.79 150.86 0.006499 0.96 5.55 48.84 0.66 1.47
Reach-1A 207 50YR 2.91 150.25 150.80 150.77 150.84 0.007642 0.98 4.47 48.18 0.71 1.29
Reach-1A 207 25YR 2.55 150.25 150.77 150.76 150.82 0.009532 1.02 3.30 47.43 0.77 111
Reach-1A 207 10YR 2.01 150.25 150.75 150.71 150.79 0.010360 0.98 211 22.78 0.79 0.88
Reach-1A 207 5YR 1.67 150.25 150.72 150.69 150.77 0.011091 0.97 1.73 11.79 0.81 0.76
Reach-1A 207 2YR 1.06 150.25 150.65 150.65 150.70 0.016484 1.04 1.02 8.44 0.95 0.55
Reach-1A 206.3 Regional 10.04 149.49 150.47 150.46 150.68 0.006488 2.19 9.26 27.44 0.80 2.30)
Reach-1A 206.3 100YR 4.08 149.49 150.25 150.12 150.36 0.004520 1.45 3.93 20.92 0.63 1.03
Reach-1A 206.3 S0YR 3.61 149.49 150.23 150.09 150.32 0.004317 1.37 3.39 18.10 0.61 0.92
Reach-1A 206.3 25YR 3.17 149.49 150.20 150.05 150.28 0.004076 1.29 2.94] 15.16 0.59 0.82
Reach-1A 206.3 10YR 2.51 149.49 150.13 150.20 0.004457 1.21 2.12 7.87 0.60 0.68
Reach-1A 206.3 5YR 2.08 149.49 150.08 150.14 0.004677 1.15 1.81 4.91 0.60 0.59
Reach-1A 206.3 2YR 1.33 149.49 149.97 150.02 0.004439 1.00 1.33 4.29 0.57 0.44]
Reach-1A 206.2 Regional 10.04 149.25 150.37 150.17 150.42 0.002496 1.11 12.53 33.69 0.48 1.80
Reach-1A 206.2 100YR 4.08 149.25 150.10 149.90 150.14 0.003279 0.92 5.31 23.11 0.50 0.81
Reach-1A 206.2 50YR 3.61 149.25 150.06 149.87 150.10 0.003755 0.94 435 21.85 0.53 0.74]
Reach-1A 206.2 25YR 3.17 149.25 150.02 149.83 150.06 0.004251 0.96 3.48 20.69 0.56 0.67
Reach-1A 206.2 10YR 2.51 149.25 149.94 149.78 149.99 0.003780 0.97 2.59 7.84 0.54 0.56
Reach-1A 206.2 5YR 2.08 149.25 149.90 149.74 149.94 0.003332 0.92 2.27 6.79 0.51 0.50)
Reach-1A 206.2 2YR 1.33 149.25 149.81 149.65 149.84 0.002907 0.78 171 5.92 0.46 0.37
Reach-1A 206.15 Bridge

Reach-1A 206.1 Regional 10.04 149.00 150.01 149.89 150.11 0.004917 1.46 8.04] 30.32 0.65 1.44
Reach-1A 206.1 100YR 4.08 149.00 149.78 149.71 149.84 0.006212 1.10 3.89 20.74 0.66 0.64]
Reach-1A 206.1 50YR 3.61 149.00 149.76 149.70 149.82 0.006065 1.04 3.61 19.52 0.65 0.59
Reach-1A 206.1 25YR 3.17 149.00 149.74 149.68 149.79 0.006176 0.99 3.28| 18.00 0.65 0.53




HEC-RAS Plan: Control 2 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1A 206.1 10YR 2.51 149.00 149.71 149.65 149.75 0.006329 0.91 2.79 15.52 0.64 0.44]
Reach-1A 206.1 5YR 2.08 149.00 149.68 149.63 149.72 0.006217 0.85 2.47 14.37 0.62 0.39
Reach-1A 206.1 2YR 1.33 149.00 149.64 149.57 149.66 0.005998 0.72 1.84 11.96 0.59 0.28
Reach-1 205 Regional 17.72 147.24 148.37 148.37 148.71 0.010820 2.58 6.86 10.33 1.01 52.60
Reach-1 205 100YR 7.02 147.24 148.01 148.01 148.22 0.012248 2.02 3.48 8.38 1.00 20.39
Reach-1 205 50YR 6.20 147.24 147.97 147.97 148.17 0.012922 1.97 3.14] 8.15 1.02 17.04
Reach-1 205 25YR 5.42 147.24 147.93 147.93 148.12 0.013147 1.90 2.85 7.95 1.01 15.78
Reach-1 205 10YR 4.25 147.24 147.87 147.87 148.03 0.013570 1.77 2.40 7.61 1.01 11.94
Reach-1 205 5YR 3.51 147.24 147.83 147.83 147.98 0.014282 1.69 2.08 7.37 1.02 9.85
Reach-1 205 2YR 2.25 147.24 147.75 147.75 147.87 0.015776 1.50 1.50 6.91 1.02 7.20
Reach-1 204.75 Regional 17.72 146.00 147.46 147.50 0.001588 1.22 28.40 31.13 0.41 49.98
Reach-1 204.75 100YR 7.02 146.00 146.97 146.99 0.001386 0.78 15.62 19.24 0.35 18.97
Reach-1 204.75 S0YR 6.20 146.00 146.92 146.93 0.001348 0.73 14.59 18.72 0.34 15.72
Reach-1 204.75 25YR 5.42 146.00 146.86 146.87 0.001306 0.68 13.55 18.14 0.33 14.56
Reach-1 204.75 10YR 4.25 146.00 146.76 146.77 0.001228 0.60 11.87 17.09 0.31 10.88
Reach-1 204.75 SYR 351 146.00 146.69 146.70 0.001151 0.54 10.71 16.16 0.30 8.90
Reach-1 204.75 2YR 2.25 146.00 146.55 146.55 0.000980 0.43 8.46 14.17 0.26 6.46
Reach-1 204.7 Regional 17.72 145.89 146.89 146.89 147.23 0.010041 2.59 7.07 12.91 0.99 48.64
Reach-1 204.7 100YR 7.02 145.89 146.52 146.52 146.74 0.012222 2.06 3.40 7.96 1.01 18.26
Reach-1 204.7 50YR 6.20 145.89 146.48 146.48 146.68 0.012450 2.01 3.08 7.59 1.01 15.06
Reach-1 204.7 25YR 5.42 145.89 146.44 146.44 146.63 0.012681 1.96 2.77 7.21 1.01 13.95
Reach-1 204.7 10YR 4.25 145.89 146.37 146.37 146.54 0.013218 1.85 2.30] 6.70 1.01 10.35
Reach-1 204.7 5YR 3.51 145.89 146.32 146.32 146.48 0.013519 1.76 2.00) 6.43 1.01 8.42
Reach-1 204.7 2YR 2.25 145.89 146.23 146.23 146.36 0.014532 1.57 1.44 5.82 1.01 6.09
Reach-1 204.55 Regional 17.72 145.49 146.66 146.54 146.87 0.005820 2.02 9.22 18.01 0.76 48.52
Reach-1 204.55 100YR 7.02 145.49 146.37 146.46 0.003974 1.31 5.35 10.62 0.59 18.19
Reach-1 204.55 S0YR 6.20 145.49 146.33 146.41 0.003870 1.26 4.90) 10.10 0.58 14.99
Reach-1 204.55 25YR 5.42 145.49 146.29 146.36 0.003718 1.21 4.48 9.58 0.56 13.89
Reach-1 204.55 10YR 4.25 145.49 146.22 146.28 0.003510 1.11 3.83 8.94 0.54 10.30
Reach-1 204.55 5YR 351 145.49 146.16 146.22 0.003530 1.04 3.36| 8.62 0.53 8.38|
Reach-1 204.55 2YR 2.25 145.49 146.05 146.09 0.003695 0.92 2.44 7.80 0.53 6.06
Reach-1 204.5 Regional 17.72 145.36 146.54 146.49 146.74 0.008111 2.00 9.42 23.12 0.86 48.35
Reach-1 204.5 100YR 7.02 145.36 146.25 146.36 0.006665 1.51 4.65 11.08 0.74 18.10
Reach-1 204.5 50YR 6.20 145.36 146.21 146.32 0.006128 1.45 4.28 10.17 0.71 14.91
Reach-1 204.5 25YR 5.42 145.36 146.18 146.27 0.005658 1.37 3.95 9.61 0.68 13.81
Reach-1 204.5 10YR 4.25 145.36 146.12 146.20 0.005270 1.26 3.38 8.90 0.65 10.23
Reach-1 204.5 5YR 3.51 145.36 146.06 146.14 0.005449 1.21 2.90) 8.24 0.65 8.32
Reach-1 204.5 2YR 2.25 145.36 145.94 146.01 0.005887 1.12 2.01 6.79 0.66 6.02
Reach-1 204.25 Regional 17.72 145.11 146.28 146.28 146.52 0.009036 2.38 13.14 30.69 0.93 48.06
Reach-1 204.25 100YR 7.02 145.11 146.00 146.00 146.16 0.009665 1.83 5.41 23.35 0.89 17.97
Reach-1 204.25 S0YR 6.20 145.11 145.97 145.97 146.12 0.010016 1.78 4.66 22.40 0.90 14.80
Reach-1 204.25 25YR 5.42 145.11 145.90 145.90 146.08 0.010751 1.86 3.43 16.36 0.93 13.72
Reach-1 204.25 10YR 4.25 145.11 145.80 145.80 145.99 0.012925 1.92 2.23 7.66 1.00 10.16
Reach-1 204.25 5YR 3.51 145.11 145.75 145.75 145.92 0.013507 1.86 1.89 5.51 1.01 8.26
Reach-1 204.25 2YR 2.25 145.11 145.64 145.64 145.78 0.013948 1.68 1.34 4.69 1.00 5.97
Reach-1 204 Regional 18.01 144.05 145.06 145.06 145.35 0.009587 2.79 13.73 25.04 1.00 46.75
Reach-1 204 100YR 7.18 144.05 144.78 144.78 144.95 0.008859 2.01 6.89 23.06 0.89 17.38
Reach-1 204 50YR 6.35 144.05 144.74 144.74 144.91 0.009685 1.99 5.95 22.46 0.92 14.29
Reach-1 204 25YR 5.57 144.05 144.71 144.71 144.86 0.009859 1.91 5.23 21.31 0.92 13.31
Reach-1 204 10YR 433 144.05 144.65 144.65 144.79 0.010275 1.78 4.06 19.29 0.91 9.87
Reach-1 204 5YR 3.58 144.05 144.61 144.61 144.74 0.010390 1.67 3.37 18.00 0.90 8.02
Reach-1 204 2YR 2.31 144.05 144.53 144.53 144.64 0.011382 1.48 2.07 15.16 0.91 5.82
Reach-1 203 Regional 18.16 142.50 144.81 144.85 0.000541 0.95 29.43 36.89 0.26 45.39
Reach-1 203 100YR 7.27 142.50 143.67 143.67 143.87 0.013060 2.00 3.63 9.11 1.01 17.05
Reach-1 203 S0YR 6.43 142.50 143.55 143.55 143.82 0.012872 2.32 2.78 5.39 1.03 14.02
Reach-1 203 25YR 5.64 142.50 143.50 143.50 143.76 0.012463 2.23 2.53 5.07 1.01 13.07
Reach-1 203 10YR 4.38 142.50 143.40 143.40 143.64 0.013022 2.13 2.06 4.55 1.01 9.68
Reach-1 203 5YR 3.62 142.50 143.34 143.34 143.55 0.013427 2.05 1.76 4.21 1.01 7.86
Reach-1 203 2YR 2.32 142.50 143.20 143.20 143.38 0.014270 1.88 1.23 3.53 1.01 5.71
Reach-1 202.75 Regional 18.16 142.43 144.51 143.74 144.77 0.001829 2.27 8.00) 34.69 0.50 44.67
Reach-1 202.75 100YR 7.27 142.43 143.56 143.14 143.70 0.002245 1.67 4.34] 26.92 0.50 16.85
Reach-1 202.75 50YR 6.43 142.43 143.47 143.09 143.60 0.002307 1.61 4.00| 25.56 0.50 13.85
Reach-1 202.75 25YR 5.64 142.43 143.38 143.03 143.50 0.002376 1.54 3.67 23.03 0.50 12.92
Reach-1 202.75 10YR 4.38 142.43 143.23 142.94 143.34 0.002514 1.41 3.10) 18.75 0.50 9.57
Reach-1 202.75 5YR 3.62 142.43 143.14 142.88 143.23 0.002624 1.33 2.73 17.00 0.50 7.77
Reach-1 202.75 2YR 2.32 142.43 142.96 142.76 143.02 0.002899 1.14 2.03 13.79 0.50 5.66
Reach-1 202.5 Culvert

Reach-1 202.25 Regional 18.16 142.28 143.59 143.59 144.25 0.015737 3.60 5.05 4.08 1.00 43.82
Reach-1 202.25 100YR 7.27 142.28 142.99 142.99 143.35 0.014995 2.64 2.75 3.85 1.00 16.50
Reach-1 202.25 S0YR 6.43 142.28 142.94 142.94 143.27 0.015095 2.54 2.53 3.85 1.00 13.54
Reach-1 202.25 25YR 5.64 142.28 142.88 142.88 143.18 0.015009 2.43 2.32 3.85 1.00 12.65
Reach-1 202.25 10YR 4.38 142.28 142.79 142.79 143.04 0.015106 2.23 1.96 3.85 1.00 9.34]
Reach-1 202.25 5YR 3.62 142.28 142.74 142.73 142.95 0.013796 2.03 1.78 3.85 0.95 7.58]




HEC-RAS Plan: Control 2 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1 202.25 2YR 2.32 142.28 142.69 142.61 142.80 0.008472 1.48 1.57 3.85 0.74 5.52
Reach-1 202 Regional 18.16 142.20 143.23 143.28 0.001458 1.20 28.88 49.26 0.40 43.48
Reach-1 202 100YR 7.27 142.20 142.67 142.67 142.81 0.010884 1.74 5.63 25.27 0.93 16.42
Reach-1 202 50YR 6.43 142.20 142.64 142.64 142.78 0.012481 1.74 4.78 22.33 0.98 13.46
Reach-1 202 25YR 5.64 142.20 142.62 142.62 142.75 0.011478 1.61 4.45 21.67 0.93 12.58
Reach-1 202 10YR 438 142.20 142.58 142.58 142.69 0.012071 1.50 3.55 20.23 0.93 9.29
Reach-1 202 5YR 3.62 142.20 14255 142.55 142.65 0.012248 1.40 3.02 19.37 0.92 7.53
Reach-1 202 2YR 2.32 142.20 142.49 142.49 142.57 0.015247 1.28 1.86| 14.86 0.98 5.49
Reach-1 201 Regional 18.16 141.65 143.21 143.24 0.000468 0.92 37.17 39.44 0.24 42.01
Reach-1 201 100YR 7.27 141.65 142.60 142.63 0.000723 0.80 14.96 31.91 0.28 15.94
Reach-1 201 S0YR 6.43 141.65 142.52 142.55 0.000834 0.81 12.61 30.71 0.29 13.06
Reach-1 201 25YR 5.64 141.65 142.50 142.52 0.000752 0.75 11.73 30.12 0.28 12.20
Reach-1 201 10YR 4.38 141.65 142.39 142.42 0.000815 0.71 8.86 25.50 0.28 9.00|
Reach-1 201 5YR 3.62 141.65 142.33 142.35 0.000815 0.66 7.40 22.87 0.28 7.28
Reach-1 201 2YR 2.32 141.65 142.25 142.26 0.000610 0.51 5.59 19.18 0.23 5.31
Reach-1 171 Regional 28.90 141.65 142.97 142.70 143.11 0.002516 1.90 27.97 37.97 0.55 38.99
Reach-1 171 100YR 8.17 141.65 142.44 142.21 142.50 0.002213 1.21 9.98 27.36 0.47 14.77
Reach-1 171 50YR 6.60 141.65 142.36 142.15 142.42 0.002210 1.13 8.15 24.25 0.46 12.09
Reach-1 171 25YR 6.10 141.65 142.34 142.13 142.40 0.002202 1.10 7.58 23.20 0.46 11.30
Reach-1 171 10YR 437 141.65 142.25 142.05 142.29 0.002182 0.97 5.57 19.13 0.44 8.32
Reach-1 171 5YR 3.52 141.65 142.19 142.01 142.23 0.002166 0.89 4.59 16.80 0.43 6.72
Reach-1 171 2YR 2.57 141.65 142.12 141.95 142.15 0.002101 0.79 3.54 13.88 0.41 4.88
Reach-1 170 Bridge

Reach-1 169 Regional 28.90 141.65 142.70 142.70 142.99 0.007134 2.71 18.27 33.54 0.89 38.49
Reach-1 169 100YR 8.17 141.65 142.21 142.21 142.40 0.009752 1.96 4.98 17.76 0.92 14.61
Reach-1 169 S0YR 6.60 141.65 142.15 142.15 142.32 0.010567 1.86 3.98 15.15 0.94 11.95
Reach-1 169 25YR 6.10 141.65 142.13 142.13 142.30 0.011146 1.83 3.63 14.16 0.95 11.17
Reach-1 169 10YR 4.37 141.65 142.05 142.05 142.19 0.013010 1.69 2.63 10.71 0.99 8.23
Reach-1 169 5YR 3.52 141.65 142.01 142.01 142.13 0.014215 1.59 2.21 8.88 1.01 6.65
Reach-1 169 2YR 2.57 141.65 141.95 141.95 142.06 0.014892 1.45 1.77 8.23 1.00 4.83
Reach-1 164 Regional 28.90 138.30 139.25 139.39 0.007256 1.51 18.32 23.62 0.61 35.35
Reach-1 164 100YR 8.17 138.30 138.83 138.86 0.002624 0.51 10.37 14.75 0.32 13.27
Reach-1 164 50YR 6.60 138.30 138.74 138.76 0.002349 0.41 9.12 13.62 0.29 10.81
Reach-1 164 25YR 6.10 138.30 138.69 138.72 0.002374 0.38 8.50) 12.97 0.29 10.12
Reach-1 164 10YR 4.37 138.30 138.54 138.56 0.002100 0.28 6.77 10.44 0.25 7.41
Reach-1 164 5YR 3.52 138.30 138.46 138.47 0.001886 0.19 5.92 9.30 0.22 5.94]
Reach-1 164 2YR 257 138.30 138.34 138.36 0.00156: 0.07 4.96 7.74 0.16 4.24
Reach-1 163 Regional 28.90 137.20 138.47 138.55 0.005133 1.90 30.33 59.32 0.57 32.03
Reach-1 163 100YR 8.17 137.20 138.08 137.99 138.23 0.009915 1.99 7.75 50.21 0.74 12.04
Reach-1 163 S0YR 6.60 137.20 138.02 137.97 138.17 0.010628 1.93 5.32 22.77 0.76 9.83
Reach-1 163 25YR 6.10 137.20 137.99 137.97 138.13 0.010185 1.84 4.82 15.66 0.74 9.21
Reach-1 163 10YR 4.37 137.20 137.90 137.86 138.02 0.009858 1.65 3.61 13.13 0.71 6.70
Reach-1 163 5YR 3.52 137.20 137.84 137.80 137.96 0.010879 1.59 2.82 11.19 0.73 5.34]
Reach-1 163 2YR 2.57 137.20 137.74 137.72 137.86 0.015146 1.60 1.81 8.05 0.82 3.77
Reach-1 162 Regional 28.90 135.60 136.76 136.76 137.01 0.016983 3.06 16.52 33.14 1.02 27.93
Reach-1 162 100YR 8.17 135.60 136.46 136.55 0.008365 1.65 8.05 23.23 0.67 10.63
Reach-1 162 50YR 6.60 135.60 136.42 136.32 136.49 0.007713 1.51 7.02 21.71 0.63 8.72
Reach-1 162 25YR 6.10 135.60 136.39 136.46 0.007886 1.48 6.54 20.96 0.64 8.19
Reach-1 162 10YR 437 135.60 136.32 136.38 0.007899 1.34 5.01 18.41 0.62 5.92
Reach-1 162 5YR 3.52 135.60 136.28 136.33 0.007036 1.21 4.42 17.31 0.58 4.68
Reach-1 162 2YR 257 135.60 136.25 136.28 0.005238 0.99 3.87 16.23 0.49 3.25
Reach-1 161 Regional 28.90 134.10 135.30 135.17 135.36 0.005788 1.77 31.56 67.18 0.58 24.00
Reach-1 161 100YR 8.17 134.10 134.98 134.98 135.07 0.008814 1.68 10.93 62.89 0.67 9.05
Reach-1 161 S0YR 6.60 134.10 134.95 134.95 135.03 0.009136 1.64 8.64] 54.87 0.68 7.42
Reach-1 161 25YR 6.10 134.10 134.94 134.94 135.02 0.008737 1.59 8.14] 52.96 0.66 6.96
Reach-1 161 10YR 4.37 134.10 134.89 134.89 134.97 0.008112 1.44 5.85 43.08 0.63 5.00
Reach-1 161 5YR 3.52 134.10 134.85 134.85 134.93 0.008870 1.43 4.23 34.42 0.65 3.94
Reach-1 161 2YR 2.57 134.10 134.76 134.69 134.87 0.012829 1.52 2.03 16.61 0.76 2.74]
Reach-1 160 Regional 28.90 132.50 134.02 134.06 0.003131 1.45 37.31 64.17 0.42 13.44
Reach-1 160 100YR 8.17 132.50 133.61 133.64 0.002166 0.99 15.54 41.27 0.33 4.97
Reach-1 160 50YR 6.60 132.50 133.54 133.57 0.002221 0.96 12.79 37.14 0.33 4.10|
Reach-1 160 25YR 6.10 132.50 133.52 133.29 133.54 0.002198 0.94 11.99 35.85 0.33 3.84
Reach-1 160 10YR 437 132.50 133.41 133.44 0.002411 0.92 8.52 29.61 0.34 2.77
Reach-1 160 5YR 3.52 132.50 133.35 133.38 0.002582 0.91 6.73 25.80 0.35 2.23
Reach-1 160 2YR 2.57 132.50 133.28 133.30 0.002499 0.84 5.01 2154 0.34 1.63




HEC-RAS Model Results for
14W-16, 14W-21, 14W-22,
14W-12A and 14W-12
------- Ultimate Condition
(Controlled Flow)



HEC-RAS Plan: Control Flow Ultiamte

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-2A 309 Regional 0.52 154.00 154.33 154.35 0.003014 0.62 1.09 11.42 0.44 9.04]
Reach-2A 309 100YR 0.18 154.00 154.20 154.22 0.005856 0.55 0.33 3.23 0.55 2.74
Reach-2A 309 50YR 0.16 154.00 154.19 154.21 0.006014 0.54 0.30) 3.08 0.56 2.38
Reach-2A 309 25YR 0.14 154.00 154.18 154.20 0.006168 0.53 0.27 2.91 0.56 2.10|
Reach-2A 309 10YR 0.10 154.00 154.16 154.17 0.006776 0.50 0.20| 2.52 0.57 1.74
Reach-2A 309 5YR 0.08 154.00 154.14 154.16 0.007334 0.49 0.16 2.29 0.58 1.50
Reach-2A 309 2YR 0.04 154.00 154.11 154.12 0.009221 0.45 0.09 1.69 0.62 1.07
Reach-2A 308 Regional 0.52 153.50 153.93 153.93 153.98 0.008047 1.18 1.16 12.28 0.72 8.95
Reach-2A 308 100YR 0.18 153.50 153.87 153.78 153.89 0.003144 0.63 0.52 8.66 0.43 2.71
Reach-2A 308 50YR 0.16 153.50 153.86 153.76 153.88 0.003113 0.60 0.43 7.46 0.42 2.35
Reach-2A 308 25YR 0.14 153.50 153.84 153.75 153.86 0.003111 0.58 0.34] 6.05 0.42 2.07
Reach-2A 308 10YR 0.10 153.50 153.81 153.72 153.83 0.003104 0.51 0.20| 2.54 0.41 1.72
Reach-2A 308 5YR 0.08 153.50 153.79 153.70 153.80 0.003065 0.47 0.17 1.16 0.40 1.49
Reach-2A 308 2YR 0.04 153.50 153.73 153.65 153.73 0.002969 0.39 0.10| 0.90 0.37 1.06
Reach-2A 307 Regional 0.52 153.00 153.63 153.63 0.000513 0.42 3.77 13.98 0.20 8.75
Reach-2A 307 100YR 0.18 153.00 153.28 153.28 153.35 0.019448 1.17 0.15 1.08 0.99 2.68|
Reach-2A 307 50YR 0.16 153.00 153.27 153.27 153.34 0.020779 1.16 0.14] 1.02 1.01 2.33
Reach-2A 307 25YR 0.14 153.00 153.26 153.26 153.32 0.021274 1.13 0.12 0.97 1.02 2.05
Reach-2A 307 10YR 0.10 153.00 153.22 153.22 153.28 0.022222 1.06 0.09 0.85 1.01 171
Reach-2A 307 5YR 0.08 153.00 153.20 153.20 153.26 0.022798 1.01 0.08 0.78 1.01 1.48
Reach-2A 307 2YR 0.04 153.00 153.16 153.16 153.19 0.024124 0.87 0.05 0.59 1.00 1.06
Reach-2A 306 Regional 0.52 152.60 153.62 153.62 0.000035 0.16 9.92 16.70 0.06 8.29
Reach-2A 306 100YR 0.18 152.60 153.29 153.29 0.000034 0.12 471 14.57 0.05 2.52
Reach-2A 306 50YR 0.16 152.60 153.25 153.25 0.000038 0.12 4.15 14.24 0.05 2.18
Reach-2A 306 25YR 0.14 152.60 153.21 153.21 0.000043 0.12 3.62 13.92 0.06 1.93
Reach-2A 306 10YR 0.10 152.60 153.14 153.14 0.000050 0.12 2.64] 13.31 0.06 1.62
Reach-2A 306 5YR 0.08 152.60 153.09 153.09 0.000065 0.12 1.99 12.89 0.07 1.41
Reach-2A 306 2YR 0.04 152.60 153.00 153.00 0.000090 0.12 0.86 12.12 0.07 1.03
Reach-2A 305 Regional 6.35 152.12 153.31 153.31 153.48 0.006054 1.99 7.53 34.78 0.73 7.59
Reach-2A 305 100YR 2.45 152.12 153.07 152.91 153.16 0.004914 1.38 1.98| 10.05 0.62 2.25
Reach-2A 305 50YR 2.16 152.12 153.03 153.12 0.004760 1.30 1.72 6.96 0.60 1.95
Reach-2A 305 25YR 1.89 152.12 153.00 153.08 0.004666 1.22 1.54 3.61 0.59 1.72
Reach-2A 305 10YR 1.47 152.12 152.92 152.99 0.004584 1.14 1.29 3.20 0.57 1.47
Reach-2A 305 5YR 1.20 152.12 152.87 152.93 0.004604 1.09 1.10 2.96 0.57 1.29
Reach-2A 305 2YR 0.75 152.12 152.74 152.79 0.004809 0.98 0.76 2.46 0.56 0.97
Reach-2A 304 Regional 6.35 151.63 152.99 152.81 153.04 0.001922 1.29 14.23 39.33 0.43 6.28
Reach-2A 304 100YR 2.45 151.63 152.65 152.41 152.71 0.002856 1.15 3.12 18.19 0.48 1.94
Reach-2A 304 50YR 2.16 151.63 152.60 152.37 152.67 0.002979 1.12 2.44 14.00 0.49 1.70
Reach-2A 304 25YR 1.89 151.63 152.56 152.34 152.62 0.003061 1.08 1.95 9.85 0.49 1.52
Reach-2A 304 10YR 1.47 151.63 152.49 152.27 152.54 0.003080 0.98 1.50 3.47 0.48 1.30
Reach-2A 304 5YR 1.20 151.63 152.43 152.22 152.47 0.003061 0.93 1.29 3.22 0.47 1.15
Reach-2A 304 2YR 0.75 151.63 152.31 152.12 152.34 0.002944 0.82 0.92 2.72 0.45 0.86
Reach-2A 303 Regional 6.50 151.46 152.62 152.62 152.85 0.008190 2.26 4.69 32.46 0.85 5.86
Reach-2A 303 100YR 2.51 151.46 152.26 152.26 152.45 0.013789 1.97 1.28 3.20 1.00 1.86
Reach-2A 303 50YR 2.21 151.46 152.22 152.22 152.40 0.014179 1.93 1.15 3.04 1.00 1.63
Reach-2A 303 25YR 1.93 151.46 152.18 152.18 152.35 0.014439 1.87 1.03 2.88 1.00 1.46
Reach-2A 303 10YR 1.51 151.46 152.11 152.11 152.27 0.014950 1.79 0.85 2.61 1.00 1.25
Reach-2A 303 5YR 1.23 151.46 152.06 152.06 152.21 0.015319 1.71 0.72 2.40 1.00 111
Reach-2A 303 2YR 0.77 151.46 151.96 151.96 152.08 0.016138 1.55 0.50] 2.00 1.00 0.84]
Reach-2A 302.5 Culvert

Reach-2A 302 Regional 6.50 151.29 152.55 152.45 152.71 0.004899 1.90 5.86| 38.70 0.67 5.33
Reach-2A 302 100YR 2.51 151.29 152.26 152.09 152.35 0.004393 1.34 2.24 12.34 0.59 1.50
Reach-2A 302 50YR 2.21 151.29 152.22 152.05 152.31 0.004393 1.28 1.86 8.74 0.58 1.29
Reach-2A 302 25YR 1.93 151.29 152.18 152.01 152.26 0.004388 1.21 1.60 5.00 0.57 1.13
Reach-2A 302 10YR 1.51 151.29 152.11 151.94 152.18 0.004373 1.13 1.34 3.26 0.56 0.96
Reach-2A 302 5YR 1.23 151.29 152.05 151.89 152.11 0.004356 1.07 1.15 3.02 0.55 0.84]
Reach-2A 302 2YR 0.77 151.29 151.93 151.79 151.97 0.004313 0.95 0.81 2.54 0.54 0.62
Reach-2A 301 Regional 6.50 150.79 152.03 151.99 152.15 0.004370 1.77 9.64] 38.62 0.63 4.17
Reach-2A 301 100YR 251 150.79 151.76 151.58 151.85 0.004155 1.32 2.38| 13.54 0.57 1.23
Reach-2A 301 50YR 2.21 150.79 151.72 151.55 151.80 0.004142 1.26 1.96 10.00 0.57 1.06
Reach-2A 301 25YR 1.93 150.79 151.69 151.76 0.004144 1.19 1.66 6.24 0.56 0.94]
Reach-2A 301 10YR 151 150.79 151.62 151.68 0.004112 1.10 1.37 3.32 0.55 0.80)
Reach-2A 301 5YR 1.23 150.79 151.55 151.61 0.004165 1.05 117 3.07 0.54 0.70|
Reach-2A 301 2YR 0.77 150.79 151.43 151.47 0.004198 0.94 0.82 2.57 0.53 0.52
Reach-2A 300 Regional 6.50 150.40 151.68 151.60 151.78 0.003616 1.65 10.63 38.77 0.58 3.23
Reach-2A 300 100YR 2.51 150.40 151.38 151.20 151.47 0.004059 1.31 2.39 13.47 0.57 1.01
Reach-2A 300 50YR 2.21 150.40 151.34 151.16 151.42 0.004116 1.25 1.94 9.65 0.56 0.88
Reach-2A 300 25YR 1.93 150.40 151.30 151.12 151.38 0.004126 1.19 1.65 5.84 0.56 0.79
Reach-2A 300 10YR 1.51 150.40 151.23 151.05 151.29 0.004142 1.11 1.37 3.30 0.55 0.67
Reach-2A 300 5YR 1.23 150.40 151.17 151.00 151.22 0.004121 1.05 1.17 3.05 0.54 0.59
Reach-2A 300 2YR 0.77 150.40 151.05 150.90 151.09 0.004063 0.93 0.83 2.57 0.52 0.45
Reach-2A 299 Regional 6.50 150.05 151.28 151.25 151.42 0.004859 1.85 9.01 38.52 0.66 2.39
Reach-2A 299 100YR 251 150.05 151.02 150.85 151.11 0.004270 1.33 2.29 12.75 0.58 0.81




HEC-RAS Plan: Control Flow Ultiamte (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-2A 299 50YR 2.21 150.05 150.99 150.81 151.07 0.004217 1.26 1.91 9.31 0.57 0.72
Reach-2A 299 25YR 1.93 150.05 150.95 151.02 0.004193 1.20 1.64 5.62 0.56 0.65
Reach-2A 299 10YR 1.51 150.05 150.88 150.94 0.004096 1.10 1.37 3.30 0.55 0.56
Reach-2A 299 5YR 1.23 150.05 150.82 150.87 0.004158 1.05 117 3.05 0.54 0.50)
Reach-2A 299 2YR 0.77 150.05 150.69 150.74 0.004276 0.95 0.81 2.54 0.53 0.38
Reach-2A 298 Regional 6.50 149.76 151.14 150.96 151.19 0.001892 1.29 14.60 39.38 0.42 1.56
Reach-2A 298 100YR 2.51 149.76 150.78 150.56 150.85 0.003105 1.20 2.98 17.33 0.50 0.62
Reach-2A 298 50YR 2.21 149.76 150.73 150.52 150.80 0.003275 1.16 2.31 12.91 0.51 0.57
Reach-2A 298 25YR 1.93 149.76 150.69 150.75 0.003394 112 1.84 8.56 0.51 0.52
Reach-2A 298 10YR 1.51 149.76 150.62 150.67 0.003432 1.03 1.47 3.41 0.50 0.46
Reach-2A 298 5YR 1.23 149.76 150.56 150.61 0.003355 0.97 1.27 3.17 0.49 0.41
Reach-2A 298 2YR 0.77 149.76 150.43 150.47 0.003224 0.85 0.91 2.68 0.47 0.32
Reach-2A 297 Regional 6.50 149.64 150.80 150.80 151.04 0.008244 2.27 4.66 31.87 0.85 1.24
Reach-2A 297 100YR 2.51 149.64 150.44 150.44 150.64 0.014024 1.98 1.27 3.18 1.00 0.56
Reach-2A 297 50YR 2.21 149.64 150.40 150.40 150.59 0.014135 1.93 1.15 3.03 1.00 0.52
Reach-2A 297 25YR 1.93 149.64 150.36 150.36 150.54 0.014290 1.87 1.03 2.87 1.00 0.48|
Reach-2A 297 10YR 151 149.64 150.29 150.29 150.45 0.014723 1.78 0.85 2.60 0.99 0.42
Reach-2A 297 5YR 1.23 149.64 150.24 150.24 150.39 0.015259 1.71 0.72 2.40 1.00 0.38
Reach-2A 297 2YR 0.77 149.64 150.14 150.14 150.26 0.016126 1.55 0.50] 1.99 1.00 0.30)
Reach-2A 296.5 Culvert

Reach-2A 296 Regional 6.50 149.44 150.61 150.61 150.84 0.008320 2.27 4.62 31.40 0.85 0.54]
Reach-2A 296 100YR 2.51 149.44 150.24 150.24 150.44 0.014035 1.99 1.26 3.16 1.00 0.10|
Reach-2A 296 50YR 2.21 149.44 150.20 150.20 150.39 0.014297 1.94 1.14 3.00 1.00 0.09
Reach-2A 296 25YR 1.93 149.44 150.16 150.16 150.34 0.014318 1.87 1.03 2.85 1.00 0.08
Reach-2A 296 10YR 1.51 149.44 150.09 150.09 150.26 0.015015 1.79 0.84] 2.58 1.00 0.07
Reach-2A 296 5YR 1.23 149.44 150.04 150.04 150.19 0.015286 1.72 0.72 2.38 1.00 0.06
Reach-2A 296 2YR 0.77 149.44 149.94 149.94 150.06 0.016182 1.56 0.49 1.98 1.00 0.04]
Reach-2B 231.1 Regional 0.22 148.25 149.20 149.20 0.000002 0.04 15.18 38.68 0.01 0.71
Reach-2B 2311 100YR 0.09 148.25 148.96 148.96 0.000001 0.03 7.37 26.74 0.01 0.34
Reach-2B 231.1 50YR 0.08 148.25 148.93 148.93 0.000001 0.03 6.57 25.11 0.01 0.30)
Reach-2B 2311 25YR 0.07 148.25 148.90 148.90 0.000001 0.03 5.78 23.39 0.01 0.27
Reach-2B 231.1 10YR 0.06 148.25 148.84 148.84 0.000002 0.03 458 20.50 0.01 0.22
Reach-2B 2311 5YR 0.05 148.25 148.80 148.80 0.000002 0.02 3.80 18.37 0.01 0.18
Reach-2B 231.1 2YR 0.04 148.25 148.72 148.72 0.000002 0.02 2.48 14.07 0.01 0.12
Reach-2B 231 Regional 0.22 148.25 149.20 149.20 0.000002 0.04 15.18 38.68 0.01 0.70]
Reach-2B 231 100YR 0.09 148.25 148.96 148.96 0.000001 0.03 7.37 26.74 0.01 0.33
Reach-2B 231 50YR 0.08 148.25 148.93 148.93 0.000001 0.03 6.57 25.11 0.01 0.30
Reach-2B 231 25YR 0.07 148.25 148.90 148.90 0.000001 0.03 5.78 23.39 0.01 0.26
Reach-2B 231 10YR 0.06 148.25 148.84 148.84 0.000002 0.03 4.58 20.50 0.01 021
Reach-2B 231 5YR 0.05 148.25 148.80 148.80 0.000002 0.02 3.80 18.37 0.01 0.18
Reach-2B 231 2YR 0.04 148.25 148.72 148.72 0.000002 0.02 2.48 14.07 0.01 0.12
Reach-2B 220.3 Regional 0.22 148.25 149.20 149.20 0.000001 0.04 20.37 57.70 0.01 0.66
Reach-2B 220.3 100YR 0.09 148.25 148.96 148.96 0.000001 0.02 9.87 32.46 0.01 0.31
Reach-2B 220.3 50YR 0.08 148.25 148.93 148.93 0.000001 0.02 8.89 30.79 0.01 0.28
Reach-2B 2203 25YR 0.07 148.25 148.90 148.90 0.000001 0.02 7.92 29.02 0.01 0.25
Reach-2B 220.3 10YR 0.06 148.25 148.84 148.84 0.000001 0.02 6.42 26.06 0.01 0.20|
Reach-2B 2203 5YR 0.05 148.25 148.80 148.80 0.000001 0.02 5.41 23.87 0.01 0.17
Reach-2B 220.3 2YR 0.04 148.25 148.72 148.72 0.000002 0.02 3.65 19.46 0.01 0.11
Reach-2B 220.2 Regional 0.22 148.57 149.20 149.20 0.000022 0.10 2.51 5.97 0.04 0.03
Reach-2B 220.2 100YR 0.09 148.57 148.96 148.96 0.000029 0.08 1.22 4.86 0.05 0.01
Reach-2B 220.2 50YR 0.08 148.57 148.93 148.93 0.000034 0.08 1.07 4.72 0.05 0.01
Reach-2B 220.2 25YR 0.07 148.57 148.89 148.90 0.000042 0.08 0.92 457 0.05 0.01
Reach-28 220.2 10YR 0.06 148.57 148.84 148.84 0.000079 0.09 0.68 431 0.07 0.00|
Reach-2B 220.2 5YR 0.05 148.57 148.80 148.80 0.000139 0.10 0.51 4.12 0.09 0.00|
Reach-2B 2202 2YR 0.04 148.57 148.72 148.72 0.001138 0.19 0.21 2.87 0.23 0.00|
Reach-2C 2201 Regional 6.72 148.25 149.11 149.07 149.18 0.004709 1.32 11.47 61.53 0.63 0.03
Reach-2C |220.1 100YR 2.59 148.25 148.85 148.79 148.93 0.007575 1.28 2.20] 13.92 0.75 0.01
Reach-2C |220.1 50YR 2.29 148.25 148.82 148.76 148.90 0.007705 1.25 1.91 9.13 0.75 0.01
Reach-2C 220.1 25YR 2.00 148.25 148.79 148.73 148.87 0.007955 1.22 1.66| 7.33 0.75 0.01
Reach-2C  |220.1 10YR 1.56 148.25 148.74 148.68 148.81 0.008161 1.15 1.35 5.58 0.75 0.01
Reach-2C 2201 5YR 1.28 148.25 148.71 148.77 0.008028 1.11 1.15 5.00 0.74 0.01
Reach-2C |220.1 2YR 0.80 148.25 148.63 148.68 0.007792 0.98 0.82 4.17 0.71 0.00|
Reach-2C 220 Regional 6.72 148.25 149.07 149.07 149.17 0.006602 1.51 9.38 60.11 0.74 0.02
Reach-2C 220 100YR 2.59 148.25 148.79 148.79 148.92 0.014344 1.62 1.61 6.91 1.01 0.01
Reach-2C 220 50YR 2.29 148.25 148.76 148.76 148.89 0.014973 1.59 1.44 5.79 1.02 0.01
Reach-2C 220 25YR 2.00 148.25 148.73 148.73 148.86 0.014768 1.54 1.30 5.40 1.01 0.01
Reach-2C 220 10YR 1.56 148.25 148.68 148.68 148.80 0.015515 1.49 1.05 4.75 1.02 0.01
Reach-2C 220 5YR 1.28 148.25 148.65 148.65 148.76 0.015823 1.43 0.89 4.37 1.01 0.00
Reach-2C 220 2YR 0.80 148.25 148.58 148.58 148.67 0.016933 1.31 0.61 3.58 1.02 0.00|
Reach-1A 210.5 Regional 7.87 155.11 155.53 155.48 155.55 0.007054 0.70 11.30 91.42 0.63 10.49
Reach-1A 2105 100YR 3.19 155.11 155.44 155.42 155.46 0.008368 0.61 5.22 58.25 0.65 4.85
Reach-1A 2105 50YR 2.83 155.11 155.43 155.41 155.45 0.008573 0.60 4.74) 55.71 0.65 4.36
Reach-1A 2105 25YR 2.48 155.11 155.42 155.40 155.44 0.008827 0.58 4.26] 53.05 0.66 3.87




HEC-RAS Plan: Control Flow Ultiamte (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1A 2105 10YR 1.96 155.11 155.41 155.39 155.43 0.008936 0.55 3.57 49.00 0.65 3.17
Reach-1A 210.5 5YR 1.62 155.11 155.40 155.38 155.42 0.009192 0.53 3.07 45.88 0.65 2.75
Reach-1A 2105 2YR 1.03 155.11 155.38 155.35 155.39 0.010006 0.51 2.03 33.99 0.67 1.97
Reach-1A 210 Regional 7.87 154.96 155.25 155.20 155.30 0.007360 0.92 8.60) 47.41 0.69 10.14
Reach-1A 210 100YR 3.19 154.96 155.16 155.18 0.007574 0.71 4.47 36.58 0.65 4.69
Reach-1A 210 50YR 2.83 154.96 155.15 155.17 0.007539 0.69 411 35.46 0.65 4.20|
Reach-1A 210 25YR 2.48 154.96 155.14 155.16 0.007460 0.66 3.76 34.32 0.64 3.73
Reach-1A 210 10YR 1.96 154.96 155.12 155.14 0.007598 0.62 3.17 32.30 0.63 3.06|
Reach-1A 210 5YR 1.62 154.96 155.11 155.12 0.007525 0.58 2.79 30.92 0.62 2.65
Reach-1A 210 2YR 1.03 154.96 155.08 155.09 0.007172 0.50 2.08 28.19 0.58 1.90
Reach-1A 209 Regional 7.87 154.46 154.73 154.76 0.003408 0.78 15.40 75.01 0.50 8.81
Reach-1A 209 100YR 3.19 154.46 154.63 154.64 0.003383 0.55 8.11 64.26 0.45 3.99
Reach-1A 209 S0YR 2.83 154.46 154.62 154.63 0.003381 0.53 7.46 62.74 0.45 3.56
Reach-1A 209 25YR 2.48 154.46 154.61 154.62 0.003379 0.50 6.81 61.81 0.44 3.14
Reach-1A 209 10YR 1.96 154.46 154.59 154.60 0.003365 0.46 5.80) 60.33 0.43 2.56
Reach-1A 209 5YR 1.62 154.46 154.58 154.59 0.003363 0.43 5.08| 59.26 0.42 2.21
Reach-1A 209 2YR 1.03 154.46 154.56 154.56 0.003422 0.36 3.68 57.11 0.41 1.58
Reach-1A 208.3 Regional 7.87 152.95 153.38 153.38 153.49 0.015618 1.42 5.53 27.71 1.02 6.71
Reach-1A 208.3 100YR 3.19 152.95 153.26 153.26 153.33 0.017521 1.20 2.67 18.87 1.02 2.91
Reach-1A 208.3 50YR 2.83 152.95 153.25 153.25 153.32 0.017778 1.17 2.42 17.87 1.02 2.57
Reach-1A 208.3 25YR 2.48 152.95 153.23 153.23 153.30 0.018065 1.14 2.17 16.83 1.02 2.24
Reach-1A 208.3 10YR 1.96 152.95 153.21 153.21 153.27 0.018582 1.10 1.79 15.09 1.02 1.80
Reach-1A 208.3 5YR 1.62 152.95 153.19 153.19 153.25 0.019090 1.06 1.53 13.96 1.02 1.55
Reach-1A 208.3 2YR 1.03 152.95 153.16 153.16 153.20 0.019419 0.95 1.08 11.68 1.00 1.10
Reach-1A 208.2 Regional 8.02 152.50 153.05 152.86 153.09 0.001997 0.82 9.86 35.12 0.41 6.30
Reach-1A 208.2 100YR 3.25 152.50 152.86 152.74 152.88 0.002560 0.62 5.25 24.15 0.42 2.71
Reach-1A 208.2 S0YR 2.88 152.50 152.84 152.72 152.86 0.002622 0.60 4.82 23.20 0.42 2.39
Reach-1A 208.2 25YR 2.53 152.50 152.82 152.71 152.84 0.002595 0.58 4.40| 22.24 0.41 2.08
Reach-1A 208.2 10YR 1.99 152.50 152.79 152.69 152.81 0.002495 0.53 3.74 20.68 0.40 1.66
Reach-1A 208.2 SYR 1.65 152.50 152.77 152.67 152.78 0.002381 0.50 3.32 19.60 0.39 1.43
Reach-1A 208.2 2YR 1.05 152.50 152.73 152.63 152.74 0.002069 0.42 2.51 17.23 0.35 1.01
Reach-1A 208.15 Bridge

Reach-1A 208.1 Regional 8.02 152.50 152.87 152.75 152.93 0.003732 1.02 7.84 42.62 0.55 6.02
Reach-1A 208.1 100YR 3.25 152.50 152.70 152.65 152.74 0.005217 0.79 4.12 34.90 0.58 2.55
Reach-1A 208.1 50YR 2.88 152.50 152.69 152.64 152.72 0.005463 0.76 3.78 34.18 0.59 2.24]
Reach-1A 208.1 25YR 2.53 152.50 152.67 152.63 152.70 0.005714 0.73 3.45 33.50 0.59 1.94
Reach-1A 208.1 10YR 1.99 152.50 152.65 152.61 152.67 0.006469 0.69 2.88| 32.30 0.61 1.54
Reach-1A 208.1 5YR 1.65 152.50 152.63 152.60 152.65 0.007208 0.66 2.49 31.50 0.63 1.32
Reach-1A 208.1 2YR 1.05 152.50 152.59 152.58 152.61 0.009958 0.61 1.72 29.90 0.69 0.93
Reach-1A 208 Regional 8.02 151.00 152.27 152.19 152.43 0.005880 1.80 6.07 18.39 0.72 5.10)
Reach-1A 208 100YR 3.25 151.00 152.00 152.09 0.007552 1.38 2.36 7.14 0.75 2.15
Reach-1A 208 S0YR 2.88 151.00 151.96 152.06 0.007720 1.35 2.13 6.39 0.75 1.88
Reach-1A 208 25YR 2.53 151.00 151.93 152.02 0.007858 1.33 1.91 5.92 0.75 1.61
Reach-1A 208 10YR 1.99 151.00 151.87 151.95 0.007697 1.26 1.58 5.15 0.73 1.27
Reach-1A 208 5YR 1.65 151.00 151.82 151.90 0.007637 1.23 1.34 4.50 0.72 1.09
Reach-1A 208 2YR 1.05 151.00 151.70 151.77 0.007038 1.16 0.91 3.03 0.67 0.77
Reach-1A 207.78* Regional 8.02 150.83 151.86 151.86 152.07 0.011761 2.06 4.13 13.02 0.99 4.88
Reach-1A 207.78* 100YR 3.25 150.83 151.74 151.62 151.80 0.005475 1.15 2.83 8.85 0.64 2.03
Reach-1A 207.78% 50YR 2.88 150.83 151.72 151.78 0.004781 1.06 2.73 8.63 0.60 177
Reach-1A 207.78% 25YR 2.53 150.83 151.71 151.76 0.004084 0.96 2.64] 8.42 0.55 1.51
Reach-1A 207.78* 10YR 1.99 150.83 151.66 151.70 0.003907 0.90 2.21 7.48 0.53 1.19
Reach-1A 207.78% 5YR 1.65 150.83 151.63 151.66 0.003519 0.84 1.98 6.90 0.50 1.02
Reach-1A 207.78% 2YR 1.05 150.83 151.55 151.57 0.002792 0.71 1.47 5.42 0.44 0.72
Reach-1A 207 Regional 8.02 150.25 151.02 151.06 0.002787 0.94 16.20 55.05 0.48 3.35
Reach-1A 207 100YR 3.25 150.25 150.81 150.79 150.86 0.006948 0.98 5.30 48.69 0.68 1.42
Reach-1A 207 S0YR 2.88 150.25 150.79 150.77 150.84 0.008228 1.00 4.23 48.03 0.73 1.24
Reach-1A 207 25YR 2.53 150.25 150.77 150.76 150.82 0.010208 1.04 3.11 47.30 0.80 1.08
Reach-1A 207 10YR 1.99 150.25 150.75 150.71 150.79 0.010066 0.97 2.13 23.07 0.78 0.86
Reach-1A 207 SYR 1.65 150.25 150.71 150.76 0.011677 0.99 1.67 11.58 0.83 0.74
Reach-1A 207 2YR 1.05 150.25 150.65 150.64 150.70 0.016890 1.05 1.00 8.35 0.96 0.53
Reach-1A 206.3 Regional 9.44 149.49 150.46 150.44 150.65 0.006329 2.13 8.79 26.91 0.79 2.20|
Reach-1A 206.3 100YR 3.91 149.49 150.24 150.11 150.34 0.004449 1.42 3.73 20.02 0.62 1.00
Reach-1A 206.3 50YR 3.47 149.49 150.22 150.07 150.31 0.004222 1.34 3.25 17.27 0.60 0.89
Reach-1A 206.3 25YR 3.05 149.49 150.19 150.04 150.27 0.004014 1.26 2.82 14.28 0.58 0.80|
Reach-1A 206.3 10YR 2.41 149.49 150.11 150.19 0.004655 1.21 2.01 6.39 0.61 0.66
Reach-1A 206.3 5YR 1.96 149.49 150.06 150.12 0.004635 112 1.74 4.82 0.60 0.57
Reach-1A 206.3 2YR 1.24 149.49 149.96 150.00 0.004396 0.98 1.27 4.20 0.57 0.42
Reach-1A 206.2 Regional 9.44 149.25 150.35 150.16 150.40 0.002518 1.08 11.90 32.75 0.48 1.72
Reach-1A 206.2 100YR 3.91 149.25 150.09 149.89 150.13 0.003430 0.92 4.97 22.67 0.51 0.79
Reach-1A 206.2 S0YR 3.47 149.25 150.05 149.85 150.09 0.003903 0.95 4.07 21.48 0.54 0.72
Reach-1A 206.2 25YR 3.05 149.25 150.01 149.83 150.05 0.004389 0.96 3.24] 20.37 0.57 0.65
Reach-1A 206.2 10YR 2.41 149.25 149.93 149.77 149.98 0.003513 0.96 251 7.24 0.52 0.55
Reach-1A 206.2 5YR 1.96 149.25 149.89 149.73 149.93 0.003277 0.90 2.19 6.67 0.50 0.48|




HEC-RAS Plan: Control Flow Ultiamte (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1A 206.2 2YR 1.24 149.25 149.80 149.64 149.83 0.002811 0.76 1.64 5.76 0.45 0.35
Reach-1A 206.15 Bridge

Reach-1A 206.1 Regional 9.44 149.00 149.99 149.88 150.09 0.004879 1.42 7.71 29.77 0.65 1.38
Reach-1A 206.1 100YR 3.91 149.00 149.77 149.71 149.83 0.005986 1.07 3.83 20.47 0.65 0.63
Reach-1A 206.1 50YR 3.47 149.00 149.75 149.69 149.81 0.006067 1.03 351 19.09 0.65 0.57
Reach-1A 206.1 25YR 3.05 149.00 149.73 149.67 149.78 0.006171 0.98 3.20 17.58 0.64 0.52
Reach-1A 206.1 10YR 241 149.00 149.70 149.64 149.74 0.006196 0.89 2.74 15.32 0.63 0.43
Reach-1A 206.1 5YR 1.96 149.00 149.68 149.62 149.71 0.006042 0.82 2.40 14.10 0.61 0.38
Reach-1A 206.1 2YR 1.24 149.00 149.63 149.57 149.65 0.005956 0.71 1.74 11.59 0.58 0.27
Reach-1 205 Regional 16.97 147.24 148.35 148.35 148.68 0.010927 2.56 6.64 10.22 1.01 50.35
Reach-1 205 100YR 6.78 147.24 148.00 148.00 148.20 0.012701 2.02 3.36 8.30 1.01 19.11
Reach-1 205 50YR 6.00 147.24 147.96 147.96 148.15 0.012968 1.96 3.07 8.10 1.01 15.83
Reach-1 205 25YR 5.27 147.24 147.93 147.93 148.11 0.013169 1.88 2.80) 7.91 1.01 14.67
Reach-1 205 10YR 4.17 147.24 147.87 147.87 148.03 0.013705 1.77 2.36 7.59 1.01 10.99
Reach-1 205 5YR 3.40 147.24 147.82 147.82 147.97 0.014521 1.68 2.02 7.33 1.02 8.96
Reach-1 205 2YR 2.17 147.24 147.75 147.75 147.86 0.015641 1.48 1.47 6.81 1.02 6.48
Reach-1 204.75 Regional 16.97 146.00 147.48 147.28 147.67 0.004112 2.00 10.81 17.30 0.66 49.06
Reach-1 204.75 100YR 6.78 146.00 147.09 146.88 147.19 0.003679 1.40 5.03 11.79 0.58 18.50
Reach-1 204.75 50YR 6.00 146.00 147.04 146.84 147.13 0.003625 1.34 4.54] 10.20 0.57 15.27
Reach-1 204.75 25YR 5.27 146.00 147.00 146.79 147.08 0.003556 1.28 4.13 7.70 0.56 14.16
Reach-1 204.75 10YR 4.17 146.00 146.92 146.72 146.99 0.003436 1.17 3.55 7.36 0.54 10.55
Reach-1 204.75 5YR 3.40 146.00 146.86 146.67 146.92 0.003347 1.09 3.11 7.03 0.52 8.58
Reach-1 204.75 2YR 2.17 146.00 146.74 146.55 146.79 0.003109 0.94 2.32 6.28 0.49 6.20
Reach-1 204.7 Regional 16.97 145.89 146.87 146.87 147.20 0.010243 2.56 6.80 12.46 0.99 48.41
Reach-1 204.7 100YR 6.78 145.89 146.51 146.51 146.72 0.012233 2.04 3.32 7.86 1.00 18.19
Reach-1 204.7 S0YR 6.00 145.89 146.47 146.47 146.67 0.012505 2.00 3.00) 7.49 1.01 14.99
Reach-1 204.7 25YR 5.27 145.89 146.43 146.43 146.62 0.012726 1.94 2.71 7.15 1.01 13.91
Reach-1 204.7 10YR 4.17 145.89 146.36 146.36 146.53 0.013232 1.84 2.26 6.67 1.01 10.34
Reach-1 204.7 5YR 3.40 145.89 146.31 146.31 146.47 0.013607 1.74 1.95 6.39 1.01 8.40
Reach-1 204.7 2YR 2.17 145.89 146.22 146.22 146.35 0.014640 1.55 1.40 5.76 1.01 6.07
Reach-1 204.55 Regional 16.97 145.49 146.65 146.52 146.84 0.005687 1.97 8.99 17.52 0.75 48.29
Reach-1 204.55 100YR 6.78 145.49 146.36 146.45 0.003945 1.30 5.22 10.47 0.59 18.12
Reach-1 204.55 50YR 6.00 145.49 146.32 146.40 0.003868 1.25 478 9.95 0.58 14.93
Reach-1 204.55 25YR 5.27 145.49 146.28 146.35 0.003686 1.20 4.40) 9.47 0.56 13.85
Reach-1 204.55 10YR 4.17 145.49 146.21 146.27 0.003507 1.10 3.79 8.91 0.54 10.29
Reach-1 204.55 5YR 3.40 145.49 146.15 146.21 0.003541 1.03 3.29 8.57 0.53 8.35
Reach-1 204.55 2YR 2.17 145.49 146.04 146.08 0.003712 0.92 2.37 7.71 0.53 6.04
Reach-1 2045 Regional 16.97 145.36 146.52 146.47 146.72 0.008070 1.97 9.11 22.80 0.85 48.12
Reach-1 204.5 100YR 6.78 145.36 146.24 146.35 0.006540 1.49 4.54 10.81 0.74 18.03
Reach-1 204.5 S0YR 6.00 145.36 146.20 146.31 0.006075 1.44 4.15 9.85 0.71 14.85
Reach-1 204.5 25YR 5.27 145.36 146.17 146.27 0.005625 1.36 3.88 9.52 0.68 13.78
Reach-1 204.5 10YR 417 145.36 146.11 146.19 0.005269 1.25 3.34] 8.84 0.65 10.23
Reach-1 204.5 5YR 3.40 145.36 146.05 146.13 0.005491 1.21 2.82 8.12 0.65 8.30)
Reach-1 204.5 2YR 2.17 145.36 145.93 146.00 0.005993 1.12 1.94 6.66 0.66 6.00
Reach-1 204.25 Regional 16.97 145.11 146.27 146.27 146.50 0.009075 2.35 12.67 30.55 0.93 47.85
Reach-1 204.25 100YR 6.78 145.11 145.99 145.99 146.15 0.009701 1.81 5.21 23.10 0.89 17.91
Reach-1 204.25 50YR 6.00 145.11 145.95 145.95 146.11 0.009618 1.83 4.22 19.73 0.89 14.74
Reach-1 204.25 25YR 5.27 145.11 145.89 145.89 146.07 0.010841 1.86 3.28 15.53 0.93 13.69
Reach-1 204.25 10YR 4.17 145.11 145.80 145.80 145.98 0.013077 1.92 2.18 7.09 1.01 10.16
Reach-1 204.25 5YR 3.40 145.11 145.74 145.74 145.91 0.013521 1.84 1.84 5.45 1.01 8.24]
Reach-1 204.25 2YR 217 145.11 145.63 145.63 145.77 0.013644 1.65 1.32 4.64 0.99 5.96
Reach-1 204 Regional 17.26 144.05 145.05 145.05 145.32 0.009548 2.75 13.32 24.93 0.99 46.57
Reach-1 204 100YR 6.95 144.05 144.77 144.77 144.94 0.008843 1.98 6.70 23.01 0.89 17.33
Reach-1 204 S0YR 6.16 144.05 144.73 144.73 144.90 0.009497 1.95 5.84] 22.28 0.91 14.26
Reach-1 204 25YR 5.43 144.05 144.70 144.70 144.86 0.009828 1.89 5.12 21.12 0.91 13.29
Reach-1 204 10YR 431 144.05 144.65 144.65 144.79 0.010278 1.77 4.04] 19.26 0.91 9.86
Reach-1 204 5YR 3.48 144.05 144.61 144.61 144.73 0.010465 1.66 3.26 17.80 0.90 8.00)
Reach-1 204 2YR 2.23 144.05 144.53 144.53 144.63 0.011570 1.46 1.97 14.86 0.91 5.80)
Reach-1 203 Regional 17.41 142.50 144.74 144.79 0.000602 0.97 26.92 36.01 0.27 45.31
Reach-1 203 100YR 7.04 142.50 143.66 143.66 143.86 0.013112 2.00 352 8.85 1.01 17.02
Reach-1 203 50YR 6.24 142.50 143,53 143.53 143.81 0.013375 2.34 2.67 5.25 1.05 14.00
Reach-1 203 25YR 5.49 142.50 143.49 143.49 143.74 0.012385 2.21 2.48 5.01 1.00 13.05
Reach-1 203 10YR 437 142.50 143.40 143.40 143.63 0.013021 2.13 2.05 455 1.01 9.67
Reach-1 203 5YR 3.52 142.50 143.33 143.33 143.54 0.013109 2.02 1.74 4.19 1.00 7.85
Reach-1 203 2YR 2.25 142.50 143.19 143.19 143.37 0.014335 1.87 1.20 3.48 1.01 5.71
Reach-1 202.75 Regional 17.41 142.43 144.45 143.71 144.71 0.001846 2.24 7.78 34.22 0.50 44.64
Reach-1 202.75 100YR 7.04 142.43 143.53 143.13 143.67 0.002261 1.66 4.25 26.73 0.50 16.83
Reach-1 202.75 S0YR 6.24 142.43 143.45 143.07 143.58 0.002323 1.59 3.92 24.96 0.50 13.84
Reach-1 202.75 25YR 5.49 142.43 143.37 143.02 143.48 0.002391 1.52 3.60 22.54 0.50 12.91
Reach-1 202.75 10YR 4.37 142.43 143.23 142.94 143.34 0.002516 1.41 3.09 18.71 0.50 9.56
Reach-1 202.75 5YR 3.52 142.43 143.13 142.87 143.21 0.002641 1.31 2.68 16.81 0.50 7.76
Reach-1 202.75 2YR 2.25 142.43 142.95 142.76 143.01 0.002919 1.13 1.99 13.62 0.50 5.65




HEC-RAS Plan: Control Flow Ultiamte (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1 202.5 Culvert

Reach-1 202.25 Regional 17.41 142.28 143.56 143.56 144.20 0.015842 354 4.91 3.97 1.00 43.82
Reach-1 202.25 100YR 7.04 142.28 142.98 142.98 143.33 0.014945 2.61 2.69 3.85 1.00 16.48
Reach-1 202.25 50YR 6.24 142.28 142.93 142.93 143.25 0.014984 2.51 2.48 3.85 1.00 13.53
Reach-1 202.25 25YR 5.49 142.28 142.87 142.87 143.17 0.015129 2.41 2.27 3.85 1.00 12.64
Reach-1 202.25 10YR 4.37 142.28 142.79 142.79 143.04 0.015213 2.24 1.95 3.85 1.00 9.34]
Reach-1 202.25 5YR 3.52 142.28 142.74 142.72 142.94 0.013423 1.99 1.77 3.85 0.94 7.57
Reach-1 202.25 2YR 2.25 142.28 142.68 142.61 142.79 0.00822: 1.45 1.55 3.85 0.73 5.52
Reach-1 202 Regional 17.41 142.20 143.23 143.28 0.001353 1.15 28.78 49.24 0.39 43.48
Reach-1 202 100YR 7.04 142.20 142.66 142.66 142.81 0.012141 1.78 5.23 24.04 0.98 16.40
Reach-1 202 S0YR 6.24 142.20 142.64 142.64 142.77 0.011840 1.69 4.77 22.30 0.96 13.46
Reach-1 202 25YR 5.49 142.20 142.62 142.62 142.74 0.011349 1.59 437 21.55 0.93 12.58
Reach-1 202 10YR 4.37 142.20 142.58 142.58 142.69 0.012086 1.50 3.54] 20.21 0.93 9.29
Reach-1 202 5YR 3.52 142.20 142.55 142.55 142.64 0.012200 1.39 2.96 19.27 0.92 7.53
Reach-1 202 2YR 2.25 142.20 142.48 142.48 142.57 0.015587 1.27 1.80 13.50 0.99 5.49
Reach-1 201 Regional 17.41 141.65 143.21 143.24 0.000431 0.89 37.16 39.44 0.23 42.01
Reach-1 201 100YR 7.04 141.65 142.60 142.62 0.000681 0.78 14.93 31.90 0.27 15.93
Reach-1 201 50YR 6.24 141.65 14252 142.55 0.000790 0.79 12.58 30.69 0.29 13.06
Reach-1 201 25YR 5.49 141.65 142.49 142.52 0.000717 0.73 11.70 30.07 0.27 12.20
Reach-1 201 10YR 437 141.65 142.39 142.42 0.000812 0.70 8.86 25.49 0.28 9.00|
Reach-1 201 5YR 3.52 141.65 142.33 142.35 0.000777 0.64 7.37 22.81 0.27 7.28
Reach-1 201 2YR 2.25 141.65 142.25 142.26 0.000579 0.50 5.57 19.12 0.23 5.31
Reach-1 171 Regional 28.90 141.65 142.97 142.70 143.11 0.002516 1.90 27.97 37.97 0.55 38.99
Reach-1 171 100YR 8.17 141.65 142.44 142.21 142.50 0.002213 1.21 9.98 27.36 0.47 14.77
Reach-1 171 S0YR 6.60 141.65 142.36 142.15 142.42 0.002210 1.13 8.15 24.25 0.46 12.09
Reach-1 171 25YR 6.10 141.65 142.34 142.13 142.40 0.002202 1.10 7.58 23.20 0.46 11.30
Reach-1 171 10YR 4.37 141.65 142.25 142.05 142.29 0.002182 0.97 5.57 19.13 0.44 8.32
Reach-1 171 5YR 3.52 141.65 142.19 142.01 142.23 0.002166 0.89 459 16.80 0.43 6.72
Reach-1 171 2YR 2.57 141.65 142.12 141.95 142.15 0.002101 0.79 3.54 13.88 0.41 4.88
Reach-1 170 Bridge

Reach-1 169 Regional 28.90 141.65 142.70 142.70 142.99 0.007134 2.71 18.27 33.54 0.89 38.49
Reach-1 169 100YR 8.17 141.65 142.21 142.21 142.40 0.009752 1.96 4.98 17.76 0.92 14.61
Reach-1 169 50YR 6.60 141.65 142.15 142.15 142.32 0.010567 1.86 3.98 15.15 0.94 11.95
Reach-1 169 25YR 6.10 141.65 142.13 142.13 142.30 0.011146 1.83 3.63 14.16 0.95 11.17
Reach-1 169 10YR 4.37 141.65 142.05 142.05 142.19 0.013010 1.69 2.63 10.71 0.99 8.23
Reach-1 169 5YR 3.52 141.65 142.01 142.01 142.13 0.014215 1.59 221 8.88 1.01 6.65
Reach-1 169 2YR 257 141.65 141.95 141.95 142.06 0.014892 1.45 1.77 8.23 1.00 4.83
Reach-1 164 Regional 28.90 138.30 139.25 139.39 0.007256 1.51 18.32 23.62 0.61 35.35
Reach-1 164 100YR 8.17 138.30 138.83 138.86 0.002624 0.51 10.37 14.75 0.32 13.27
Reach-1 164 50YR 6.60 138.30 138.74 138.76 0.002349 0.41 9.12 13.62 0.29 10.81
Reach-1 164 25YR 6.10 138.30 138.69 138.72 0.002374 0.38 8.50] 12.97 0.29 10.12
Reach-1 164 10YR 4.37 138.30 138.54 138.56 0.002100 0.28 6.77 10.44 0.25 7.41
Reach-1 164 5YR 3.52 138.30 138.46 138.47 0.001886 0.19 5.92 9.30 0.22 5.94]
Reach-1 164 2YR 2.57 138.30 138.34 138.36 0.001562 0.07 4.96 7.74 0.16 4.24]
Reach-1 163 Regional 28.90 137.20 138.47 138.55 0.005133 1.90 30.33 59.32 0.57 32.03
Reach-1 163 100YR 8.17 137.20 138.08 137.99 138.23 0.009915 1.99 7.75 50.21 0.74 12.04
Reach-1 163 50YR 6.60 137.20 138.02 137.97 138.17 0.010628 1.93 5.32 22.77 0.76 9.83
Reach-1 163 25YR 6.10 137.20 137.99 137.97 138.13 0.010185 1.84 4.82 15.66 0.74 9.21
Reach-1 163 10YR 437 137.20 137.90 137.86 138.02 0.009858 1.65 3.61 13.13 0.71 6.70
Reach-1 163 5YR 3.52 137.20 137.84 137.80 137.96 0.010879 1.59 2.82 11.19 0.73 5.34]
Reach-1 163 2YR 257 137.20 137.74 137.72 137.86 0.015146 1.60 1.81 8.05 0.82 3.77
Reach-1 162 Regional 28.90 135.60 136.76 136.76 137.01 0.016983 3.06 16.52 33.14 1.02 27.93
Reach-1 162 100YR 8.17 135.60 136.46 136.55 0.008365 1.65 8.05 23.23 0.67 10.63
Reach-1 162 50YR 6.60 135.60 136.42 136.32 136.49 0.007713 1.51 7.02 21.71 0.63 8.72
Reach-1 162 25YR 6.10 135.60 136.39 136.46 0.007886 1.48 6.54 20.96 0.64 8.19
Reach-1 162 10YR 4.37 135.60 136.32 136.38 0.007899 1.34 5.01 18.41 0.62 5.92
Reach-1 162 5YR 3.52 135.60 136.28 136.33 0.007036 1.21 4.42 17.31 0.58 4.68
Reach-1 162 2YR 2.57 135.60 136.25 136.28 0.005238 0.99 3.87 16.23 0.49 3.25
Reach-1 161 Regional 28.90 134.10 135.30 135.17 135.36 0.005788 1.77 31.56 67.18 0.58 24.00
Reach-1 161 100YR 8.17 134.10 134.98 134.98 135.07 0.008814 1.68 10.93 62.89 0.67 9.05
Reach-1 161 50YR 6.60 134.10 134.95 134.95 135.03 0.009136 1.64 8.64] 54.87 0.68 7.42
Reach-1 161 25YR 6.10 134.10 134.94 134.94 135.02 0.008737 1.59 8.14] 52.96 0.66 6.96
Reach-1 161 10YR 437 134.10 134.89 134.89 134.97 0.008112 1.44 5.85 43.08 0.63 5.00
Reach-1 161 5YR 3.52 134.10 134.85 134.85 134.93 0.008870 1.43 4.23 34.42 0.65 3.94]
Reach-1 161 2YR 2.57 134.10 134.76 134.69 134.87 0.012829 1.52 2.03 16.61 0.76 2.74]
Reach-1 160 Regional 28.90 132.50 134.02 134.06 0.003131 1.45 37.31 64.17 0.42 13.44
Reach-1 160 100YR 8.17 132.50 133.61 133.64 0.002166 0.99 15.54 41.27 0.33 4.97
Reach-1 160 50YR 6.60 132.50 133.54 133.57 0.002221 0.96 12.79 37.14 0.33 4.10|
Reach-1 160 25YR 6.10 132.50 133,52 133.29 133.54 0.002198 0.94 11.99 35.85 0.33 3.84
Reach-1 160 10YR 4.37 132.50 133.41 133.44 0.002411 0.92 8.52 29.61 0.34 2.77
Reach-1 160 5YR 3.52 132.50 133.35 133.38 0.002582 0.91 6.73 25.80 0.35 2.23
Reach-1 160 2YR 2.57 132.50 133.28 133.30 0.002499 0.84 5.01 21.54 0.34 1.63




HEC-RAS Model Results
for 14W-11

------ Existing\PhaselA\
Phase 1B Condition



HEC-RAS Plan: 00-Existing River: RIVER-1 Reach: Reach-1B

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)

Reach-1B 14 Regional 3.06 155.00 155.31 155.39 0.008674 1.24 2.48 9.78 0.78 15.00
Reach-1B 14 100 Yr 1.53 155.00 155.24 155.27 0.005580 0.85 1.80 8.95 0.61 11.43
Reach-1B 14 50 Yr 1.35 155.00 155.23 155.26 0.005189 0.80 1.69 8.81 0.58 8.01
Reach-1B 14 25 Yr 1.17 155.00 155.23 155.25 0.003898 0.69 1.69 8.81 0.50 5.96
Reach-1B 14 10 Yr 0.91 155.00 155.20 155.22 0.003364 0.60 1.50 8.56 0.46 4.64]
Reach-1B 14 5Yr 0.73 155.00 155.19 155.20 0.002953 0.54 1.36 8.36 0.43 3.98
Reach-1B 14 2Yr 0.42 155.00 155.15 155.15 0.002286 0.41 1.03 7.89 0.36 2.85
Reach-1B 13 Regional 3.06 154.97 155.24 155.26 0.003339 0.63 4.87 26.12 0.46 14.92
Reach-1B 13 100 Yr 1.53 154.97 155.16 155.18 0.003136 0.50 3.07 22.18 0.43 11.38
Reach-1B 13 50 Yr 1.35 154.97 155.15 155.16 0.003121 0.48 2.82 21.56 0.42 7.96
Reach-1B 13 25 Yr 1.17 154.97 155.10 155.12 0.009534 0.67 1.74 18.65 0.70 5.92
Reach-1B 13 10 Yr 0.91 154.97 155.08 155.10 0.010206 0.63 1.44 17.73 0.71 4.61
Reach-1B 13 5Yr 0.73 154.97 155.07 155.09 0.011163 0.60 1.21 17.00 0.72 3.95
Reach-1B 13 2Yr 0.42 154.97 155.05 155.06 0.011109 0.50 0.84] 15.79 0.69 2.83
Reach-1B 121 Regional 3.06 154.46 154.66 154.65 154.72 0.015778 1.09 2.81 21.24 0.95 14.59
Reach-1B 121 100 Yr 1.53 154.46 154.60 154.59 154.64 0.017575 0.92 1.66| 17.32 0.95 11.18
Reach-1B 121 50 Yr 1.35 154.46 154.59 154.59 154.63 0.017547 0.89 1.52 16.79 0.94 7.78
Reach-1B 12.1 25 Yr 1.17 154.46 154.64 154.58 154.65 0.003566 0.49 2.41 19.95 0.45 5.74
Reach-1B 121 10 Yr 0.91 154.46 154.62 154.56 154.63 0.003448 0.45 2.04] 18.70 0.43 4.46
Reach-1B 12.1 5Yr 0.73 154.46 154.61 154.55 154.61 0.003248 0.41 1.78 17.78 0.41 3.83
Reach-1B 121 2Yr 0.42 154.46 154.57 154.58 0.003422 0.35 1.19 15.46 0.41 2.75
Reach-1B 12 Regional 3.06 153.95 154.15 154.08 154.17 0.003316 0.61 5.32 32.39 0.46 14.24
Reach-1B 12 100 Yr 1.53 153.95 154.10 154.04 154.11 0.003108 0.45 3.49 30.71 0.42 10.96
Reach-1B 12 50 Yr 1.35 153.95 154.09 154.04 154.10 0.003084 0.43 3.24] 30.46 0.41 7.58
Reach-1B 12 25 Yr 1.17 153.95 154.04 154.03 154.06 0.018384 0.69 1.70 28.96 0.90 5.56
Reach-1B 12 10 Yr 0.91 153.95 154.03 154.03 154.05 0.018796 0.63 1.45 28.71 0.89 431
Reach-1B 12 5Yr 0.73 153.95 154.02 154.02 154.04 0.021098 0.60 1.22 28.48 0.92 3.70
Reach-1B 12 2Yr 0.42 153.95 154.01 154.00 154.02 0.016608 0.45 0.94] 28.19 0.78 2.66
Reach-1B 111 Regional 3.06 152.98 153.10 153.10 153.16 0.018353 1.05 3.00 27.89 1.00 13.60
Reach-1B 11 100 Yr 1.53 152.98 153.06 153.06 153.10 0.021263 0.83 1.86| 26.99 1.00 10.54
Reach-1B 111 50 Yr 1.35 152.98 153.06 153.06 153.09 0.021738 0.80 171 26.87 1.00 7.19
Reach-1B 1.1 25 Yr 1.17 152.98 153.10 153.05 153.11 0.003021 0.42 2.89 27.80 0.40 5.21
Reach-1B 111 10 Yr 0.91 152.98 153.08 153.05 153.09 0.002951 0.37 2.49 27.49 0.39 4.01
Reach-1B 111 5Yr 0.73 152.98 153.07 153.03 153.08 0.002892 0.34 2.18 27.25 0.38 3.43
Reach-1B 111 2Yr 0.42 152.98 153.05 153.02 153.05 0.003245 0.28 1.50 26.70 0.38 2.47
Reach-1B 11 Regional 3.06 152.00 152.76 152.76 0.000034 0.16 22.46 35.52 0.06 11.65
Reach-1B 11 100 Yr 1.53 152.00 152.52 152.52 0.000031 0.12 14.52 31.85 0.05 9.27
Reach-1B 1 50 Yr 1.35 152.00 152.21 152.21 0.000507 0.27 5.35 26.99 0.18 6.64
Reach-1B 11 25 Yr 1.17 152.00 152.06 152.06 152.09 0.022054 0.78 1.52 24.68 1.00 4.87
Reach-1B 11 10 Yr 0.91 152.00 152.05 152.05 152.08 0.023305 0.72 1.28 24.53 1.00 371
Reach-1B 11 5Yr 0.73 152.00 152.05 152.05 152.07 0.024744 0.67 1.10 24.42 1.00 3.18
Reach-1B 11 2Yr 0.42 152.00 152.04 152.04 152.05 0.017862 0.49 0.87 24.27 0.82 2.28
Reach-1B 10 Regional 3.79 150.20 152.76 152.76 0.000004 0.13 56.28 37.58 0.03 2.35
Reach-1B 10 100 Yr 2.06 150.20 152.52 152.52 0.000002 0.08 47.77 34.95 0.02 1.90
Reach-1B 10 50 Yr 1.82 150.20 152.21 152.21 0.000003 0.08 37.47 31.47 0.02 1.56
Reach-1B 10 25 Yr 1.58 150.20 151.92 151.92 0.000004 0.09 28.70 28.05 0.02 1.27
Reach-1B 10 10 Yr 1.24 150.20 151.63 151.63 0.000005 0.09 21.26 24.44 0.02 1.00
Reach-1B 10 5Yr 1.01 150.20 151.49 151.49 0.000005 0.08 17.95 22.65 0.02 0.87
Reach-1B 10 2Yr 0.59 150.20 151.23 151.23 0.000004 0.06 12.47 19.33 0.02 0.65
Reach-1B 9 Regional 3.79 149.70 152.74 150.91 152.75 0.001388 0.49 7.76 30.58 0.31 1.15
Reach-1B 9 100 Yr 2.06 149.70 152.48 150.50 152.51 0.000153 0.81 253 28.93 0.16 0.86
Reach-1B 9 50 Yr 1.82 149.70 152.17 150.44 152.20 0.000177 0.81 2.25 26.99 0.16 0.72
Reach-1B 9 25 Yr 1.58 149.70 151.88 150.37 151.91 0.000203 0.80 1.98 25.15 0.17 0.60)
Reach-1B 9 10 Yr 1.24 149.70 151.60 150.27 151.63 0.000197 0.72 1.73 23.43 0.17 0.47
Reach-1B 9 5Yr 1.01 149.70 151.47 150.20 151.49 0.000166 0.63 1.61 22.60 0.15 0.41
Reach-1B 9 2Yr 0.59 149.70 151.22 150.05 151.23 0.000094 0.43 1.38 21.05 0.11 0.30)
Reach-1B 8.5 Culvert

Reach-1B 8 Regional 3.79 149.30 150.51 150.51 151.13 0.008348 3.47 1.09 24.66 1.00 0.29
Reach-1B 8 100 Yr 2.06 149.30 150.11 150.11 150.52 0.009577 2.83 0.73 20.19 1.01 0.16
Reach-1B 8 50 Yr 1.82 149.30 150.04 150.04 150.42 0.009844 2.72 0.67 19.49 1.01 0.14]
Reach-1B 8 25 Yr 1.58 149.30 149.98 149.98 150.32 0.010144 2.59 0.61 18.46 1.00 0.12
Reach-1B 8 10 Yr 1.24 149.30 149.88 149.88 150.17 0.010720 2.39 0.52 16.03 1.01 0.09
Reach-1B 8 5Yr 1.01 149.30 149.80 149.80 150.06 0.011173 2.23 0.45 14.28 1.00 0.07
Reach-1B 8 2Yr 0.59 149.30 149.65 149.65 149.83 0.012651 1.87 0.32 10.63 1.01 0.04]
Reach-1B 7 Regional 3.79 147.50 147.85 147.77 147.90 0.005406 0.98 3.88 15.42 0.62

Reach-1B 7 100 Yr 2.06 147.50 147.76 147.69 147.79 0.005407 0.81 2.55 13.51 0.59

Reach-1B 7 50 Yr 1.82 147.50 147.74 147.68 147.77 0.005407 0.78 2.34 13.03 0.59

Reach-1B 7 25 Yr 1.58 147.50 147.73 147.66 147.75 0.005406 0.75 211 12.52 0.58

Reach-1B 7 10 Yr 1.24 147.50 147.70 147.64 147.72 0.005405 0.70 1.78 11.72 0.57

Reach-1B 7 5Yr 1.01 147.50 147.68 147.62 147.70 0.005400 0.66 1.54 11.12 0.56

Reach-1B 7 2Yr 0.59 147.50 147.63 147.59 147.65 0.005409 0.56 1.06 9.78 0.54




HEC-RAS Model Results
for14W-23,14W-11
------ Phase 2 and
Ultimate Condition



HEC-RAS Plan: 02-Shifted P

River: RIVER-1 Reach: Reach-1B

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Volume
(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m) (1000 m3)
Reach-1B 14 Regional 2.69 155.00 155.33 155.38 0.005291 1.00 2.68 10.03 0.62 14.46
Reach-1B 14 100 Yr 1.27 155.00 155.23 155.26 0.004206 0.73 1.74 8.88 0.52 7.28
Reach-1B 14 50 Yr 1.12 155.00 155.22 155.24 0.004027 0.69 1.63 8.72 0.51 5.83
Reach-1B 14 25 Yr 0.97 155.00 155.20 155.22 0.003830 0.65 1.50 8.56 0.49 4.96
Reach-1B 14 10 Yr 0.75 155.00 155.18 155.20 0.003468 0.57 1.31 8.29 0.46 4.10|
Reach-1B 14 5Yr 0.60 155.00 155.16 155.18 0.003288 0.52 1.15 8.07 0.44 3.56
Reach-1B 14 2Yr 0.34 155.00 155.12 155.13 0.002743 0.40 0.85 7.62 0.39 2.55
Reach-1B 13 Regional 2.69 154.97 155.33 155.33 0.000800 0.37 7.30 29.89 0.24 14.35
Reach-1B 13 100 Yr 1.27 154.97 155.21 155.21 0.000921 0.31 4.13 24.67 0.24 7.22
Reach-1B 13 50 Yr 1.12 154.97 155.19 155.20 0.000926 0.30 3.78 23.86 0.24 5.77
Reach-1B 13 25 Yr 0.97 154.97 155.18 155.18 0.000929 0.28 3.41 23.01 0.24 4.91
Reach-1B 13 10 Yr 0.75 154.97 155.16 155.16 0.000904 0.26 2.88 21.72 0.23 4.05
Reach-1B 13 5Yr 0.60 154.97 155.13 155.14 0.000946 0.25 2.43 20.56 0.23 352
Reach-1B 13 2Yr 0.34 154.97 155.09 155.10 0.000969 0.21 1.64 18.34 0.22 2.52
Reach-1B 12.9 Regional 2.69 154.70 155.20 155.25 0.005081 1.01 2.78 10.72 0.61 14.10
Reach-1B 12.9 100 Yr 1.27 154.70 155.09 155.12 0.005035 0.75 1.73 10.11 0.57 7.07
Reach-1B 12.9 50 Yr 1.12 154.70 155.09 155.11 0.004594 0.69 1.65 10.06 0.54 5.64
Reach-1B 12.9 25 Yr 0.97 154.70 155.07 155.09 0.004485 0.65 1.52 9.99 0.52 478
Reach-1B 12.9 10 Yr 0.75 154.70 155.05 155.07 0.004330 0.58 1.31 9.86 0.50 3.95
Reach-1B 129 5Yr 0.60 154.70 155.04 155.05 0.004217 0.53 1.15 9.76 0.48 3.43
Reach-1B 12.9 2Yr 0.34 154.70 155.00 155.01 0.003695 0.40 0.84] 9.58 0.43 2.46
Reach-1B 12.8 Regional 2.69 154.41 154.89 154.95 0.005747 1.05 2.67 10.67 0.65 13.95
Reach-1B 12.8 100 Yr 1.27 154.41 154.79 154.82 0.005789 0.78 1.66 10.08 0.60 6.98
Reach-1B 12.8 50 Yr 1.12 154.41 154.77 154.80 0.006594 0.77 1.47 9.97 0.63 5.55
Reach-1B 12.8 25 Yr 0.97 154.41 154.76 154.79 0.006797 0.74 1.33 9.88 0.63 471
Reach-1B 128 10 Yr 0.75 154.41 154.74 154.76 0.007258 0.68 111 9.75 0.63 3.88
Reach-1B 12.8 5Yr 0.60 154.41 154.72 154.74 0.007545 0.63 0.96 9.65 0.63 3.37
Reach-1B 128 2Yr 0.34 154.41 154.69 154.70 0.009469 0.54 0.63 9.45 0.66 2.42
Reach-1B 12.7 Regional 2.69 154.11 154.60 154.65 0.004797 1.00 2.83 10.76 0.60 13.80
Reach-1B 12.7 100 Yr 1.27 154.11 154.50 154.53 0.004927 0.75 1.74 10.13 0.56 6.88|
Reach-1B 12.7 50 Yr 1.12 154.11 154.50 154.52 0.004069 0.67 171 10.11 0.51 5.46
Reach-1B 12.7 25 Yr 0.97 154.11 154.48 154.50 0.003956 0.63 1.58 10.03 0.49 4.63
Reach-1B 12.7 10 Yr 0.75 154.11 154.46 154.48 0.003798 0.56 1.36 9.90 0.47 3.81
Reach-1B 127 5Yr 0.60 154.11 154.45 154.46 0.003567 0.50 1.21 9.81 0.45 3.31
Reach-1B 12.7 2Yr 0.34 154.11 154.41 154.42 0.003154 0.39 0.89 9.60 0.40 2.38
Reach-1B 12.6 Regional 2.69 153.78 154.24 154.31 0.007007 112 251 10.58 0.71 13.64
Reach-1B 12.6 100 Yr 1.27 153.78 154.16 154.19 0.006426 0.81 1.60 10.05 0.63 6.78
Reach-1B 12.6 50 Yr 1.12 153.78 154.13 154.17 0.009029 0.85 1.33 9.88 0.73 5.37
Reach-1B 12.6 25 Yr 0.97 153.78 154.12 154.15 0.009419 0.81 1.20 9.80 0.73 4.54]
Reach-1B 12.6 10 Yr 0.75 153.78 154.10 154.12 0.010110 0.75 1.01 9.68 0.73 3.74]
Reach-1B 12.6 5Yr 0.60 153.78 154.08 154.11 0.011188 0.71 0.85 9.58 0.75 3.25
Reach-1B 126 2Yr 0.34 153.78 154.05 154.07 0.014114 0.60 0.56 9.38 0.79 2.33
Reach-1B 12.5 Regional 2.69 153.44 153.95 153.85 153.99 0.003836 0.91 3.99 22.48 0.54 13.44
Reach-1B 125 100 Yr 1.27 153.44 153.84 153.86 0.004417 0.72 1.87 14.03 0.53 6.68
Reach-1B 125 50 Yr 1.12 153.44 153.84 153.86 0.003014 0.61 1.98 14.85 0.44 5.27
Reach-1B 12.5 25 Yr 0.97 153.44 153.83 153.85 0.002927 0.57 1.78 13.26 0.43 4.45
Reach-1B 125 10 Yr 0.75 153.44 153.81 153.82 0.002857 0.51 1.49 10.53 0.42 3.67
Reach-1B 125 5Yr 0.60 153.44 153.79 153.80 0.002728