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Site #22 (WEDG2190M) Implementation Program

Recommended Management Approach/Project Scope:

*  Further assessment of CNR and Royal Windsor Crossings. Assessment would require updated topographic
survey of crossings to update the existing HEC-2 modeling. Assessment would determine potential culvert
upgrades and possible road profile improvements. Detail design would follow the assessment completion.

Appropriate Lead for Undertaking:

. Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

. Town of Oakville’s Policies and protocols

. Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

. Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

. Town of Oakville

. Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and

Watercourse Permit
Regional Municipality for water and wastewater servicing alterations at Morrison Road (Site 23)

° Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

. Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

e Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:

° Detailed topographic survey of area

° Vegetation assessment

° Hydraulic modeling refinement

° Approval process with CNR

Suggested Timing, Need for Phasing:

° Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

° CNR consent to proposed culvert upgrades

Possible Monitoring Requirements:

e Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

° Potential creek stabilization resulting from local grading impacts

° Crossing maintenance

Potential Interface with Other Town/Agency Programs:

° To be discussed/ determined with the Town of Qakville and Conservation Halton

° Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects already identified by Conservation Halton

Other Funding Opportunities:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Canada/ Ontario Municipal Renewal Infrastructure Fund

° Others




Site #22 (WEDG2190M) Specific Flood Management Alternative Assessment

Data/ Information:

Flooding mechanisms:

Various CNR culverts creating high tail water conditions downstream of Royal Windsor
Drive.

Royal Windsor Culvert size and channel inverts creating flooding conditions on roadway.
Flooding conditions allow both private and emergency vehicle access as flow depths are
always below 0.3m with low flow velocities. The roadway floods for all storms, 2 year
through to the Regional Storm. Minimum flooding depth is 0.10 m. The crossing does not
meet the road classification flood requirements, but does prevent vehicle ingress/egress.

Screened Alternatives:

Crossing upgrades of CNR and Royal Windsor, or just Royal Windsor
Road profile improvement

Floodplain/channel upgrades

Regulate TBD

Preferred Management Approach:

The preferred approach would require further assessment of the CNR and Royal Windsor
crossings, as the original HEC-2 floodplain model appears to have coding issues and
clevations used in the modeling require checking. There is approximately just under a 2 m
drop through the Royal Windsor crossing. Therefore, further hydraulic assessment and
topographic survey data would be required.

Potential Linkage to Adjacent Sites:

Linkage to Site 26




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

; Road Private Vehicle Emergency Vehicle Private Vehicle Er.nergency Prlvate. AEEE Threat to Direct Indirect piined
Site - Access to Vehicle Access | user Driveway . Products
Crossings Access Access -~ e Life Damages | Damages
Facilities to Facilities Access
22 20.0 0.0 0.0 0.0 0.0 0.0 9.0 16.0 8.0 53.0




Road Flooding Flood Criteria Evaluation

Table 4

Evaluation

Product
Road/ Storm Event Storm Event | Scale Category (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Welghting *
. Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s Storm Event Frequency Modifiers Criteria Not Met | Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) {m) 2 5 10 25 50 | 100 | Reg 2 5 10 25 50 100 | Reg 2 5 10 25 50 | 100 | Reg 5 10 25 50 | 100 | Reg (2-100, Reg) (0.4-50) (1-10) Significance
22 Design Flood Criteria Arterial 10 102.40 102.6/102.6(102.6|102.7(102.7|102.7|102.6] 02 0.2 0.2 9.3 03 03 0.2 0.5 0.5 0.6 07 07 0.7 0.6 0.4 02 |008|004]|002]0.01 2-yr - Arterial 1.0 2 20
22 Private Vehicle EMS Route 10 102.40 102.61102.6(102.6|102.7[102.7|102.7|102.6] 0.2 0.2 0.2 03 0.3 0.3 0.2 0.5 0.5 0.6 07 0.7 0.7 0.6 0.4 0.2 | 0.080.04]002]0.01 25-yr 0.0 5 0.0
22 Emergency Vehicle EMS Route 10 102.40 102.61102.6(102,6(1102.7|102.7|102.7|102.6| 0.2 02 0.2 0.3 0.3 0.3 0.2 0.5 05 0.6 0.7 0.7 0.7 0.6 0.4 02 | 0.08) 004 | 002 | 001 None 0.0 6 [¢]
22 Private Vehicle Acess to Facilities Yes 10 102.40 102.61102.6|102,6(102.7|102.7(102,7|102.6| 0.2 02 0.2 03 0.3 0.3 0.2 0.5 05 0.6 0.7 0.7 0.7 0.6 0.4 02 | 008| 004|002 0.01 2-yr - Arterial 0.0 3 0
22 Emergency Vehicle Access to Facilities Yes 10 102.40 102.61102.6(102.6|102.7/102.7|102.7|102.6]| 02 0.2 0.2 03 0.3 0.3 0.2 0.5 0.5 0.6 0.7 07 0.7 0.6 0.4 02 | 0.08|0.04]002] 0.01 25-yr 0.0 7 0
22 Private Vehicle Driveway Access (Multiuser) Med-High Usage 8 102.40 102.6]102.6/102.6|102.7|102.7| 102.7]|102.6| 0.2 0.2 0.2 0.3 0.3 0.3 0.2 0.5 0.5 0.6 0.7 0.7 0.7 0.6 0.4 02 ]10.08]0.04]002] 0.01 2-yr 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)
2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.
3 Determine lowest road elevation at crossing
4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel
5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding
6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria
7 For the Evaluation Scale Criteira {Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)
8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier

10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property

12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance




Table 5

Threat ta Life Flood Criterin Evaluation
Site Downstraam Flood Elevationt (m) Residontial Units Floodad (4) Industrial Avea {ha) Commercial Ars (ha) Instiutional () "‘""“"'D"::;‘"’""'“‘“ People Endangared Stormy Event Froquency Modiflors i
Normaliosd Eu;i::;hn l"(':nlnqurmf
’:I‘:.:':::" Moasura | Signiicance (1-10) | Product
Se No 2 s 10 24 50 100 Reg 2 5 10 25 50 100 Rog 2 § | |26 |50 jto0 Regl 2 | 5 | 10|25 | S0 (wofegl 2 |5 | e[ 25| 50100 |Aeg| Res | thd |Com]| st | 2 | 5 | 10 | 28 | s |10 neg| 2 | 5 | 10| 25 | 20 | 100 | Aey Multipliors “’"ﬂ""o‘;'ﬂi" n:o;::u::::m
pE Ll
Usaga)
2 0512 105 14 10517 10525 10528 10434 10516 [ o o 0 0 o o 00 ot |oo|op|oo|oofeo| o |o|o|lo|o|e|lo|oa]|e]le|o]|o]lo]lo]|la]|ies|n s |00 |da|oo|oo]oo|oo]oo|sa |2 | w| | 2] ]oe $ i ) El

Evaluation Process

1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direcl damages ref. below)
2 Determine flooding conditions that results in life endagerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.

3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/nome for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




I Interpolated
L Downstream |Upstream 2 . ;
F'S;Shed Lowest | 2-100/Reg | 100/ Reg i Distance |Propamty 21 g ing Damage | First Floor Floor Damage S“Dm';a”zed
Building No. o Opening Flood Flood S:ectlon e 100/ Reg Flood Depth Costs Flooding Area Cosls Frequency amage
Elevation (m) Elevations Elevations Distance | Downstream Flood m ($ym? (Yes/ No) ) ©) Costs
(m) Section Elavations (%)
(m) (m) tm)
Ford Canada Out 105.6 105.6 105.16 105.63 30 16 105.41 -100.00 $0.00 0 o} 0 Reg $0.00
Ford Canada Out 105.6 105.6 105.34 105.75 30 16 105.56 -100.00 $0.00 0 0 0 100 $2,864.81
Ford Canada Out § 105.6 105.6 105.29 105.72 30 16 105.52 -100.00 $0.00 0 0 0 50 $0.00
Ford Canada Out 105.6 105.6 105.25 105.68 30 16 105.48 -100.00 $0.00 ] 0 0 25 $0.00
Ford Canada Qut 105.6 105.6 105.17 105.63 30 16 105.42 -100.00, $0.00 4] 0 0 10 $0.00
Ford Canada Out 105.6 105.6 10514 105.59 30 16 105.38 -100.00 $0.00 0 0 0 5 $0.00
Ford Canada Out 105.6 105.6 105.12 105.52 30 16 105.33 -100.00 $0.00 0 4] 0 2 $0.00
Ford Canada Pian 109 109.0 106.06 107.04 55 24 106.49 -100.00 $0.00 0 0 0
Ford Canada Plan 109 109.0 106.2 107.12 55 24 106.60 -100.00 $0.00 0 0 0
Ford Canada Plan! 109 109.0 106.16 1071 55 24 106.57 -100.00 $0.00 0 0 0
Ford Canada Plan 108 109.0 106.12 107.08 55 24 106.54 -100.00 $0.00 0 0 0
Ford Canada Plan 109 109.0 106.07 107.05 55 24 106.50 -100.00 $0.00 0 0 0
Ford Canada Plan 109 109.0 106.03 107.02 55 24 106.46 -100.00 $0.00 0 0 0
Ford Canada Plan 109 108.0) 105.98 106.99 55 24 106.42 -100.00 $0.00 0 0 0
1283 Cornwall Rd 99.28 99.3 98.34 98.34 20 10 98.34 -100.00 $0.00 O 0 [e]
1283 Cornwall Rd 99.28 99.3 98.66 98.66 20 10 98.66 -100.00 $0.00 0 0 0
1283 Cornwall Rd 99.28 99.3 98.57 98.57 20 10 98.57 =100.00 $0.00 0 0 0
1283 Cornwall Rd 99.28 99.3 98.47 98.47 20 10 98.47 -100.00 $0.00 0 0 0
1283 Cornwall Rd 99.28 99.3 98.34 98.34 20 10 98.34 -100.00 $0.00 o 0 o]
1283 Cornwall Rd 99.28 99.3 98.2 98.2 20 10 98.20 =100.00, $0.00 0 4] 0
1283 Cornwall Rd 99.28 99.3 98.12 98.12 20 10 98.12 -100.00 $0.00 0 0 0
1333 Cornwall Rd 98.82 98.8 98.34 98.34 20 10 98,34 -100.00 $0.00 0 0 o
1333 Cornwall Rd 98.82 98.8 98.66 98.66 20 10 98.66 -100.00 $0.00 0 0 ¢}
1333 Cornwall Rd 98.82 98.8 98.57 98.57 20 10 98.57 -100.00 $0.00 0 o i}
1333 Cornwall Rd 98.82 98.8 98.47 98.47 20 10 98.47 -100.00 $0.00 i} 0 0
1333 Cornwall Rd 98.82 98.8 98.34 98.34 20 10 98.34 -100.00 $0.00 4} 0 0
1333 Cornwall Rd 98.82 g8.8 98.2 98.2 20 10 88.20 -100.00 $0.00 0 0 ]
1333 Cornwall Rd 98.82 98.8 98.12 98.12 20 10 98.12 -100.00 $0.00 Q 0 0
1363Cornwall Rd 98.6 9B.6 98.34 98.34 20 10 9B8.34 -100.00 $0.00 0 0 0
1363Cornwall Rd 98.6 98.6 98.66 98.66 20 10 98.66 0.06 $3.18 1 900 2865
1363Cornwall Rd 98.6 98.6 98.57 98,57 20 10 98.57 -100.00 $0.00 0 0 0
1363Cornwall Rd 98.6 98.6 98.47 98.47 20 10 98.47 -100.00 $0,00 0 [¢] 0
1363Cornwall Rd 98.6 98.6 98.34 98.34 20 10 98.34 -100.00 $0.00 0 0 0
1363Cornwall Rd 98.6 98.6 98.2 98.2 20 10 98.20 -100.00 $0.00 0 [¢] 0
1363Cornwali Rd 98.6 98.6 98.12 98.12 20 10 98.12 -100.00 $0.00/ 0 0 0
1387 Cornwall Rd 98.89 98.9 98.34 98.34 20 10 98.34 -100.00 $0.00 0 0 ]
1387 Cornwall Rd 98.89 98.9 98,66 98.66 20 10 98.68 -100.00 $0.00 1] 0 ]
1387 Cornwall Rd 98.89 98.9 98.57 98.57 20 10 98.57 -100.00 $0.00 a 0 0
1387 Cornwall Rd 98,89 98.9 98.47 98.47 20 10 98.47 =100.00| $0.00 0 0 0
1387 Cornwall Rd 98.89 98.9 98.34 98.34 20 10 98.34 -100.00| $0.00 1] 0 0
1387 Cornwall Rd 98.89 989 98.2 98.2 20 10 88.20 -100.00 $0.00 0 0 0
1387 Cornwall Rd 98.89 98.9 98.12 98.12 20 10 98.12 -100.00 $0.00 0 Q 0] area (ha)
Reg [ 0 0
100 1 900 0.09
50 0 0 v}
25 4] 0 0
10 0 0 0
5 4} 0 0
2 0 0 0
900 0.09

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endangerment



Table 6
Flooding Damages Evaluation Scale Category: Site Assessment
1al Total Average Annual | Present Worth Category
Basement Residential 2 Industrial Ce Tal Ci clal Institutional Institutional Measure
Site | Event | WSEL |Homes First Flaor Industrial Area > Direct Damage Damages 2007 ( 50 Year, 5%) Importance/
Floading Damage Value Damage Value Area Damage Value Area Damage Value Value Direct Damages |Direct Damages Weight Significance | Product
(Yr) (m) | (Ne.) (No.) (No.) (8) {ha) (8) (ha) (s) (ha) (8) (8) (8) (s) (1-10) (1-10)
2 4269 ] 0 a 50 0 0 0 o [} 0 50
5 93.00 o [1] ) o o 1) o ] ) o 50
10 a3 51 ] a ] 50 o o a o a o S0
2 2 9364 0 o 0 so 0 o o o 0 o 50 o) 2 2 & 16
50 9369 o o @ =0 a [+] o o o o S0
100 &3 74 0 1] 1] 50 ] S2.855 a o o 1] 52.865
Reg 361 Q9 o 1] 50 4] o [:] 4] 0 0 S0
Total Average Annual ( '::?;;ar 5% | Measure Category
Indirect Damage Damages 2007 I ndlref‘:l Welght Importance/ Froiudi
Val Indirect Damages Significance | "rody
_ ye g Damages 9
Evaluation Process (s) () (s) (1-10) (1-10)
=1
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) s
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) s
related to whether building is subjected to flooding or not $0 s4 578 8 4 L
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) so
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages s430
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% so
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
[ ]
Finished Lowest am 2 Interpolated Properly Floor
*No"” [ cevaton | verivo [ 5208 [prrn, Zacvedl  suctoncisnes [ o Ditercetm, | 21owRw | euiding i 1 et T g oyt e Damage Gosts  (5) Frequency oo P
{m) (m) Elevations im o
Ford Canaf 1056 1056 1rl‘;5 16| 105 61| 30| 151 10641 -100.00 5000 [ a Q| Reg $0.00
[Ford Canal 1058 1058 105.34 105 75| 30 16 10556 -10000 $0.00 Q [¢] Q| 100 $2,864 81
Ford Cana 1056 1050/ 105 29 105 72| 30 16 10552 -100 00 $0.0¢ a Q a 50 $000
Ford Canal 1056 105.0] 105.25 105,68 30 16 10544 -100 0@ $0.04 [¢] Q) a 25 $0.00
Ford Cana 105.6, 1056/ 10517 105 63 30 14 105,42 -100 0O $0.04 a Q) a 10 $000
Ford Canal 1056 105, 8| 105 t4 105.54 a0 16 105,38 -100 00| 80.00 Q Q| a 5 $0.00
Ford Cana 1056 105 6] 10512 10552 30! 16 10533 =100.90| $0.00 1) g a 2 $0.00
Ford Cana 109 109.0| 106.06) 107.04 55| 248 106.45 -100 00| 3000 o [+ 0
Ford Cana 109 106.0f 106.2) 10712 55| 24 106.60 -100.00| $0.00] 0 [ o
Ford Cana 109 1wa.0 10614 1071 54| 24 106.57 -100.00| $0.00) 1] 0 0
Ford Canal 109 109.0 106.12] 107 08| 55| 24 10654 -100.00| $0.00 1] o o
FFord Cana 108 1090 106.07] 107 05 54| 24 10650 -10¢ 0G| $0.00 (1] qQ o
Ford Canai 109 109.0 106.03 107.02| 55 24 10648 -100.00| $0.00 0] o 0
Ford Canal 109 108.0/ 105,99 106 99| 58 24 106 -szi -100.00 5000 0 Q o
1283 Corr 9524 99.3| 98 34 98 34 20 10] 24 -100.00 $0.00 | [} 6‘
1283 Corn 99.28| 99.3| 98 66 98 66 20 10| 98.65| -100.0Q S$000 0 0 [+
1283 Corny 99 24 99,3 98 57| 98.57 20 10| 98 57| -100.00 $0.00 Q 1] [
1283 Corry 99.28 99,3 98 47 98,47 2Q 1] 85.47 -100.0G S0 .00 o ] o
1283 Corny 99 24| 993 98 34 98 34 20 10 98.34 -100.00, S0.00/ 0 1] [+]
1283 Corni 99.26 993 98 2| 98,2 20 [I¢} 2530 -100.00, $0 00| 0 QO o
1283 Corr 99.28 99.3 2812 88.12 204 13 '1&_1.’![ -100.00] 50.00| Ei Q) EJ
1333 Torn 9882 988 98.34 98 34 20 10 9534 100 0#' $0.00) 0 o 3]
1333 Corn 98 82 98.8 98.68| 98 66/ 20| 10, 98 66 10000 $0.00 [y o ¢/
1333 Corry| 98 82 98.4 98.67 98 57 20| 1G] 98 57 ~100.04| $0 00| [ a (¢
1333 Cormy 98 82 98.8 98.47 98 47| 20 10| 98 47, =100 0 $0.00 Q) 0 0|
1333 Cormy 98 82| 98.8 98.34 98 34 2a 10| 98 34 100,04 $0.00 Q| [+] 0
1333 Corn 98 82 98.4 928.2 98.2| 20| 10 98 20 =100 0 $0.00 af 1] 0
1333 Corry 98.82| 96 8| 98.12. 98.12| 10 9812 =100.00| $0.00 a 0 Q|
[ECEE 986 986 98 34 10 98.34 =100.001 $0.00 [} [ j
1363Cornd 98 & 98.6] 98 66 10] 98 66, 0.06 $318 1 900 28es|
1363Cornd 986 986 98 57| 10 98 57| -100 00 $0.0¢ L] 0 [¢]
1363Corrq 28 & 986 98 47 10] 98 47 -100.00 S0 .04 o 0 Ql
1363Corni 98 6 286 98 34 10 98 34 =100 00 80 04 L] 0 a
1363Corni 986 86 98 2] 10 98 20 -100 00 $0.00 1] o a
1363Corny 38.6 a8 98.12 14 98 12 -100.00 $0.00| o 0 a
1387 Cort 98.89 ECE] 98.34 14 96,34 -1C0.00] $0.00| 0| 0 &
1387 Corr 98 .89 98 8 98.66 1a BEEE -100 00 $0.00 =] o a
1387 Cont 98.89 98 9| 96.57 10, 2357 -100 00| §0.00 1] 0] Q
1387 Conry 98 84 98.9 98.47 10 8847 -100 04| $0.00 fe] o @
1387 Corn 98 89 98 3| 98.34 10 98 44 =100 00/ S0.00 1] 1] Q
1387 Com 98 B9 98 9| 98.2 10 B5.20 =100 00| 80.00 r] a a
1387 Carnl 98.89 9849 94 lﬂ 14| B812 -100.00] 5000 L] o [t area (ha}
Fag 7] ] S0 0
100 1 900 $2,865 009
50 o 0 S0 o
25 0 0 $0 0
10 0 0 50 0
5 0 0 $0 0
2 0 0 50 ¢}
900 52,865 0.09

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine flooding damages for each return period based on the flooding depths and damage curve equations




SITE #23 - WEDGO0895T
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Site #23 (WEDG0895T) Implementation Program

Recommended Management Approach/Project Scope:
* __Morrison Road culvert upgrade from 1.88 m by 1.26 m CSP arch culvert to 6 m by 1.2 m box culvert

Appropriate Lead for Undertaking:
° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

° Town of Oakville’s Policies and protocols

. Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

° Town of Oakville

. Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Permit

o Regional Municipality for water and wastewater servicing alterations

° Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

e Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

e Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:

o Detailed topographic survey of culvert and upstream and downstream creek

] Vegetation assessment

° Natural channel design assessment

° Hydraulic modeling refinement

. Approval process with private land owners

Suggested Timing, Need for Phasing:

. Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

e Project should be conducted in conjunction with Site 23 works if possible

Possible Implementation Issues:

e Private land owners consent to proposed grading (watercourse not owned by Town of Qakville)

e Town of Oakville potential easement requirements

° Vegetation loss, requiring mitigation

° Wetland area upstream of Morrison Road

Possible Monitoring Requirements:

° Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

° Potential creek stabilization resulting from local grading impacts

o Crossing maintenance

Potential Interface with Other Town/Agency Programs:

o To be discussed/ determined with the Town of Oakville and Conservation Halton

. Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects already identified by Conservation Halton

Other Funding Opportunities:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Canada/ Ontario Municipal Renewal Infrastructure Fund (Morrison Road culvert works for Site 23)

° Others




Site #23 (WEDG0895T) Specific Flood Management Alternative Assessment

Data/ Information:
Flooding mechanisms:

* Morrison Road 1.88 m by 1.26 m CSP arch culvert crossing

* Floodplain capacity of approximately the 2 year storm 3.0 m?/s in vicinity of 1197 Cynthia
La.

*  Encroachment

Screened Alternatives:

* Morrison Road culvert upgrade using 6m by 1.2 m box culvert

* Floodplain/ channel improvements not practical due to marsh area and limited hydraulic
improvements

* Roadway profile could not be improved much based on existing grades

* Flood proofing homes that are not flooded on all sides. There are homes flooded on all sides;
therefore flood proofing would not protect all homes.

* Acquisition of 3 homes would be expensive

¢ Regulate

Preferred Management Approach:

* Upgrade Morrison Road culvert

Potential Linkage to Adjacent Sites:

* Linkage to Site 24, spill across Morrison Road eliminated with upgraded culvert. 1219
Baldwin Dr. would be removed from the Regional floodplain.




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

- Road Private Vehicle Emergency Vehicle Frials yeticlo Er.nergency Prlvate. HIGIES Threat to Direct Indirect Conitkad
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access s e Life Damages | Damages
Facilities to Facilities Access
23 8.0 0.0 0.0 0.0 0.0 0.0 50.0 48.0 24.0 130.0




Table 4
Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event [ Scale Category| (measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
. Evaluation Scale Measure Weight Elevation Flood Elevations (m) Road Flooding Depth (m) Flow Velocities (m/s) Storm Event Frequency Modifiers Criteria Not Met  |Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifler *
frequency) Category
(4,6,8,10) {m) 2 5 10 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg (2-100, Reg) (0.4-50) (1-10) Significance
23 Design Flood Criteria Arterial 10 98.74 98.9199.0(99.0|99.1]1991)|991(91| 01| 02|03 |03|04|04|04|00|05|06]|06]|07]|07]|o07 1 04 | 02 | 0.08) 004 002]|0.01| 5-yr/1:100- Reg 0.4 2 8
23 Private Vehicle Level 3 Road/ 100-Regional 6 98.74 98919901 990|991 (991991199101 |02 |03)|03|0d4|04|04|00]05]|06|0s]|07]07]|07 1 04 | 02 | 0.08 | 0.04 ] 0.02]| 001 None 0.0 5 0
23 Emergency Vehicle Level 3 Road/ 100-Regional 6 98.74 98.9199.0199.0(991[9911991|1991| 01| 02]|03| 03|04 |04|04|00]|05)]|06|06]07]07]07 1 04 | 02 | 008|004 0.02]0.01 None 0.0 6 0
23 Private Vehicle Acess to Facilities Partial 5 98.74 989199.0)199.0|991(991(991[/991| 01| 02| 03)|03)]|04|04)04|00]|05]|06|06]|07] 07|07 1 04 | 02 [ 008 ]| 0.04]0.02] 001 None 0.0 3 0
23 Emergency Vehicle Access to Facilities Partial 5 98.74 98.9 1990|990 991[99.1/991]1991| 01|02 03| 03| 04| 04]|04|00]05]06]|06]|07]07]|07 1 04 | 02 | 0.08 | 0,04 | 0.02 | 0.01 None 0.0 7 0
23 Private Vehicle Driveway Access (Multiuser) Medium Vehicle Usage 6 98.74 989]990)99.0]991]991]991]991] 01 ] 02| 03| 03| 04]|04|04]00]|05]|06|0607|07]07 1 04 | 0.2 | 0.08] 0.04 | 0.02] 0.01 None 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)

2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance



Table 5
Threal to Life Flood Crileria E

i of
Sits Downatroam Flood Elevations m) Hesidontlal Units Flooded (8) Indusirial Arss (ha) Commaercial Aroa (hu) institutional (ha) Eendiise 2:’,‘::;8““’“ b People Endangersd Storm Evant Fraquancy Modiliors E posilh
Normalizsd Evaluation Cukegc\ryd
Ho. ol P Scale Importanc
u’mﬂmm‘ Moasure | Significance (1-10) | Produst
Site No 2 5 10 % 50 100 Reog 2 3 10 2% 50 100 Rag 2 S [ W | 235 | S0 | 100 | Reg | 2 5 110 | 25 | 50 | w00 | Reg | 2 5 110 | 25 | 50 | 100 | Fog | Res | Ind | Com| (natil 2 s 1w | 25 [ 50 | 100 [ Reg| 2 5 10 | 25 | 50 | 100 | Rea | munipliers Wﬂln'::;‘n{!- (137-DDSYUZG'3:)M
- Day an gl
Usage)
2 o8 88 8883 | 8% | ‘sa0s au09 9,12 ssos | 3 3 3 a 3 3 £ 0 |ojoejoejojoejolofele|jo|lo|lo|jo|lo|lojo]lo|oa|o]e|a|w|w]| @ |o|o|e|s|o|a]|s|s|lwlwlal2] o] suse 5 10 50

Evaluation Process

1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)

2 Determine flooding conditions that results in life endagerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endagered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)

4 Determine number of people endagered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered

5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)

7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




Interpolated
- Downstream |Upstream 2 :
F'E:Shed Basemer Lowest 2-100/ Reg 100/ Reg Distance from| Froperty 2- Building Damage Basement First Floor Slr:)mmanzed
Building No. El oo.r FIoo.r Opening Flood Flood S_ecnon Downstream 100/ Reg Flood Depth Costs Flooding Flooding Frequency amage
evation Elevation " ’ Distance ; Flaod Costs
(m) Elevations Elevations Section | {m) (%) (Yes/ No) (Yes/ No)
(m) (m) Elevations (%)
(m) (m) m)
528 Morrison 99.2 96.8 98.6 99.08 99.08 10 9 99.08 048] $20,740.54 1 0 Reg  $64,060.02
528 Morrison 99.2 96.8 98.6 99.12 99,12 10 9 89.12 0.53( $21,363.37 1 0 100 $65,983.75
528 Morrison 99.2 96.8 98.6 99.09 99.09 10 9 99.09 050 $20,894.52 1 0 50  $64,258.07
528 Morrison 99.2 96.8 98.6 99.05 99,05 10 9 89.05 0.46| $20,285.35 1 0 25  $62,654.12
528 Morrison 99.2 96.8 98.6 29 99 10 9 99.00 0.41| $19,548.80 1 0 10 $60,119.50
528 Morrison 99.2 96.8 98.6 98.95 98.95 10 9 98.95 0.36] $18,839.00 1 0 5 $57,936.60
528 Morrison 99.2 96.8 98.6 98.86 98.86 10 9 08 86 0.27| $17,625.66 1 4] 2 $54,439.31
1187 Cynthia 99.15 96.7 98.5 99.08 99.09 40 29 99.09 0.55) $21,637.71 1 Q
1197 Cynthia 99.15 96.7 98.5 99.12 99.13 40 29 99.13 0.59| $22,287.50 1 0
1197 Cynthia 99.15 96.7 98.5 99.09 99.09 40 29 99.08 0.55| $21,681.77 1 4]
1197 Cynthia 99.15 96.7 985 99.05 99.06 40 29 99.06 0.52] $21,162.84 1 Q
1197 Cynthia 99.15 96.7 98.5 99 99 40 29 98.00 0.46| $20,285.35 1 0
1197 Cynthia 99.15 96.7 98.5 98.95 98.95 40 29 98.95 0.41| $19,548.80 1 0
1197 Cynthia 99.15 96.7 98.5 98.86 98.87 40 29 98.87 0.33] §$18,388.10 1 0
1203 Cynthia 99.15 96.7 98.5 99.09 99.09 50 9 89.08 0.55| $21,681.77 1 0
1203 Cynthia 99.15 96.7 98.5 99.13 99.13 50 9 98.13 0.59| $22,332.88 1 0
1203 Cynthia 99.15 96.7 98.5 99.09 99.09 50 9 95.09 0.55| $21,681.77 1 0
1203 Cynthia 99.15 96.7 98.5 99.06 99.06 50 9 99.06 0.52| $21,205.93 1 0
1203 Cynthia 99.15 96.7 98.5 99 99 50 9 99.00 0.46| $20,285.35 1 [0}
1203 Cynthia 99.15 96.7 98.5 98.95 98.95 50 9 98.95 0.41| $19,548.80 1 0
1203 Cynthia 99.15 96.7 98.5 98.87 98.87 50 9 98.87 0.33] $18,425.54 1 0
Reg 3 o
3 o]
3 0
3 0
3 0
3 o]
3 0

—h

Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endangermer



Table 6
Flooding Damages Evaluation Scale Category: Site Assessment
Present Warth
" : y ) Total Average Annual Category
Site | Event | WSEL |Homes B':Tserdr;enl First Floor DResMer\a{tifl Industrial Area D Indusl::a: Con;mernial DC;l:me;cllale Insll:r‘:Lonal Dln;lltueltz:? ’e Direct Damage Damages 2007 (50 ;:: :;‘IS%} T;::":f Importance/
ooding amage Value amage Value rea amage Valu amag u Value Direct Damages g Significance | Product
Damages
(¥r) (m) | (No.) (No.) (No.) (s) (ha) (s) (ha) (s) (ha) (s) (s) (s) (s) (1-10) (1-10)
2 92 69 3 3 Kl 580,570 0 0 0 "] 0 [1] SHO.670
5 93.00 3 3 3 S85, 746 0 4] 0 0 0 0 S$B5.746
10 93,51 3 3 3 $88.977 0 0 o 0 0 0 $88,977
23 25 9364 1 3 3 $92.728 0 0 0 0 0 0 s92.728 §42.958 §784,749 8 L e
50 93.69 3 3 3 £95,102 0 1) 0 0 0 Q 535,102
100 9374 a X] 3 587,656 a 0 0 0 0 [ $97 656
Hag 83.61 3 3 3 $494,809 1] 1] 0 Q 0 0 584,808 |:i=
resent Wor!
Total Average Annual (50 Year, 5%) | Measure Category
Indirect Damage Damages 2007 indirect Weight Importance/
Value Indirect Damages 9 Significance Praduct
Damadges
Evaluation Process (s) (s) (s) (1-10) (1-10)
512,086
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) §12,852
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) $13,347
related to whether building is subjected to flooding or not $13.909 56,448 $17712 6 4 24
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) 142685
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $14.548
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% sta.221
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
Finished | Basomant
f Lowesl | Downsti 2-100/ . Interpolatad Proparty 2 s - . " .
"N [ atn | e | 0o | oa " oot | W 21000) sucion e | o Omreoton, |Gy ok | 9| ooy oy s | Sovem oning |t ot Frauarey S Do
(m) (m) {m) levations (m) Elovations {m)
528 Morrig| 98.67 862 98.1 99.08) 99,08 10 9508 1.02 $30,695.96 1 1 Reg $94,808,73
528 Morrig 98.67 962 981 99.12 9912 10 89.12 1.06 $31,617.76 i 1 100 $97,655.84
528 Morig 98.67 96.2 98.1 99.09 99.09 10 99.09 1.03 $30,923.86 1 1 50 $95,101.84
528 Morrig 98.67 96.2 9881 99.05 99.05 10 99 08 0.99 $30,022 29| 1 1 25 $92,728 00
i 98 67 981 99 99 10 99.00 0.94 $28,932 20 1 1 10 $88,976.77
98,67 981 98.95 98.95 10 98.95 0.89 $27,881.68 1 1 5 $85,746 07
98.67 981 98.86 88 86 10 $26,08595 1 1 2 $80,570.09
98.62 98.0 99.08 99,04 40 $32,023 781 1 1
98.62 98.0 99.12 99.13 40 29 $32,985 46 1 1
1197 Cynif 968.62 98.0 99.0% 99,09 440 29 $32,088.99 1 1
1197 Cynii| 98.62 98.0 99.05 99.06 40 29 $31,320.97 1 1
1197 Cyniif 98 62 98.0 99 99 40 29 $30,022 29 1 1
1197 Cynti| 98.62 98.0 98 95 98.95 40 29 $28,932.20 1 1
1197 Cyn 38.62 98.0/ 96.86 98.87 4a 29 3 $27.214.36. 1 1
1203 Cyntl 98.62 98.0| 99.09 99.09 50 9 99.09 $32,088 99, 1 1
1203 Cynl 9862 980 99.13 99.13 50 9 9913 1.12] $33,052.63 1 1
1203 Cynt 98 62 880 99.09 99.09 50 a 89.08 1.08) $32,088.99 1 1
1203 Cyni) 98.62 98.0 99.06 99.06 50 9 55.06 1.06 $31,384.75 1 1
1203 Cyni 98.62 98.0 99 99 50 9 8900 0.99 $30,022 29 1 1
1203 Cynlif 98.62 g8.0 98.95 98 95 50 L] 98.85 094 $28.932.20 1 1
1203 Cynil] 98.62 88.0 98.87 88.87 50 8 58.87 0.86 $27.269.78 T 1
3 3
3 3
3 3
3 a
3 3
3 3
3 3

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
3 Determine basement floor elevation by substracting 2.44m from the first floor elevation
4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations
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Site #24 (WEDG0622T) Implementation Program

Recommended Management Approach/Project Scope:
* Floodplain grading improvements
*  Morrison Road culvert upgrades (Site 23)

Appropriate Lead for Undertaking:

° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

° Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

e Land owners approval for grading

° Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and

Watercourse Permit
Regional Municipality for water and wastewater servicing alterations at Morrison Road (Site 23)

Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

. Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)
° Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:
Detailed topographic survey of area

Vegetation assessment

Natural channel design assessment

Hydraulic modeling refinement

Approval process with private land owners

Suggested Timing, Need for Phasing:

e Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

° Project should be conducted in conjunction with Site 23 works if possible

Possible Implementation Issues:

° Private land owners consent to proposed grading

° Town of Oakville potential easement requirements

° Vegetation loss, requiring mitigation

° Wetland area upstream of Morrison Road

Possible Monitoring Requirements:

° Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

e Potential vegetation replacement and seeding

o Potential creek stabilization resulting from local grading impacts

o Crossing maintenance

Potential Interface with Other Town/Agency Programs:

. To be discussed/ determined with the Town of Oakville and Conservation Halton

e Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects alrcady identified by Conservation Halton

Other Funding Opportunities:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Canada/ Ontario Municipal Renewal Infrastructure Fund (Morrison Road culvert works for Site 23)

° Others




Site #24 (WEDG0622T) Specific Flood Management Alternative Assessment

Data/ Information:
Flooding mechanisms:

* Floodplain capacity is approximately 2year at 5.2 m*/s in vicinity of 1239 Baldwin Dr.
* Spill from Morrison Road flooding (Site 23)
* Encroachment

Screened Alternatives:

* Floodplain grading improvements are possible in vicinity of 1253 to 1239 Baldwin Dr.

* Morrison Road culvert upgrades (Site 23)

* Floodproofing of 1219 Baldwin Dr. This would not resolve the property flooding occurring
on neighbouring lots.

* Regulate

Preferred Management Approach:

* Floodplain grading improvements
* Morrison Road culvert upgrades (Site 23)

Potential Linkage to Adjacent Sites:

* Linkage to Site 23




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

. Road Private Vehicle Emergency Vehicle iSHivate VShicis Er:nergency Prlvate.MuItl- Threat to Direct Indirect Combined
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access - -y Life Damages Damages
Facilities to Facilities Access
24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0 8.0 24




Table 4

Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event | Scale Category (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
. Evaluation Scale Measure Weight Elevation Flood Elevations (m) Road Flooding Depth (m) Flow Velocities (m/s Storm Event Frequency Modifiers Criteria Not Met |Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) (m) 2 5 10 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg | 2 5 10 | 25 50 | 100 | Reg 5 10 25 50 | 100 | Reg (2-100, Reg) (0.4-50) {1-10) Significance
24 Design Flood Criteria N ot Applicable 0 0.00 0000|0000 00|00 |00|OO|O0O]|]OO| 00| 00| 00| 00| 00| 00| o00[o00|o00/|o00]o00 04 | 02 | 0.08|004]|002]| 001 NA 0.0 2 0
24 Private Vehicle N ot Applicable 0 0.00 00 ) 00| 00|00|00O|0O0]|O00|[00]| 00| 00| 00| 00| 00| 00| 00| 00| o00|o00]o00]|o00]o00 04 | 02 | 008|004 (002|001 NA 0.0 5 0
24 Emergency Vehicle N ot Applicable 0 0.00 00|00 |00)00O)o00O|0O0O|O0O|0OO|OCO|O0O| 00| 00| 00| 00| 00| 00| 00|00/ o00]|o00] 00 04 | 02 ]| 008|004 002]0.01 NA 0.0 6 0
24 Private Vehicle Acess to Facilities N ot Applicable 0 0.00 00| 00)o00]Jo0O0OfO00f|O0O|O00O|00]00]|O00O|O00|O0O]O0O| 00| 00| 00| 00| 00| 00] 00/ 00 04 | 02 | 0.08 | 0.04 | 0.02| 0.01 NA 0.0 3 0
24 Emergency Vehicle Access to Facilities N ot Applicable 0 0.00 060J)Jo00jo0o|o0|00|O0O|0O|O00O]|]OO])]OoOo|OO]|oOO]|]o0o|o00o| 00| 00| 00| 0o o00] 00/ 00 04 | 02 | 0.08( 0.04|002]| 001 NA 0.0 7 0
24 Private Vehicle Driveway Access (Multiuser) N ot Applicable 0 0.00 00 00} 00]00] 00| 00[]00]00]00]00]|00]00]00|oo|oo)]oo)]|]oo|]oo|oo]|ooloo 04 | 02 | 008|004 0.02] 001 NA 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)
2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.
3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding
6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance
9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls efe.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance




Table 5

Threat 1o Lite Fload Criteria Evaluation
She Fload Elavations (i) Reskiantial Units Flaodod (§) Industeial Area (ha) Commotcinl Area () lnstitutional (ha) """"""“"‘""I"""”"" People Endangered Stotm Event Frequency Moditiers Bormpotii
. Evnluation Calegory
No. NF':; Boals imporiance
Blorm Measure | Significance (1-10) | Product
Sils No 2 5 10 5 50 00 e 2 5 10 25 50 100 Tag 2 S| 1025 | S0 (100 Heg| 2 | & | 10 | 36 | 50 | 100 [Reg | 2 | 5 [ 1o | 28 | 50 | 100 | Aey | Res | Wt |Gom| wett | 2 | 5 [ 10| 25 | s0 | w00 |mea| 2 | 5 | 0| 25| = 100 | Ao | pyiiipitiers "‘*‘0'1':";10“' "g*‘l:’*';':;:al“
- a I
Usage)
2 | =z | wvesz | ey | wmays | seme | oeses | semy | o 0 a 0 ] a o o Jofejelolofojofoloeloale|o|o]o|oflo]lo|o|[o]e]|s|w|o]| 4« |[o]la]lo|le]le|lo|o|m|wlw|]alz|yslos| o o 0 0

Evaluation Process
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm
6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




. Downstream |Upstream 2 Interpolated .
Fshed Bssmont Lowest 2-100/ Reg 100/ Reg ) Distance from| Property 2- Building Damage Basement First Floor e
Building No Floo'r Floolr Opening Flood Fiood $ect|on Downstream 100/ Reg Flood Depth Costs Flooding Flooding Frequency Damage
Elevation Elevation ; ! Distance A Flood Costs
{m) Elevations Elevations Section : (m) (%) (Yes/ No) {Yes/ No)
(m) (m) Elevations (6]
(m) {m) (m)
1245 Baldwin 98.1 95.7 97.5 96.83 97.25 40 3 97.16 -100.00 $0.00 0 0 Reg $0.00
1245 Baldwin 98.1 95.7 975 96.95 97.33 40 31 97.24 -100.00 $0.00 0 0 100 $0.00
1245 Baldwin 98.1 95.7 97.5 96,84 97.26 40 31 77 -100.00 $0.00 0 0 50 $0.00
1245 Baldwin 98.1 957 97.5 96.75 97.17 40 31 97.08 -100.00 $0.00 0 0 25 $0.00
1245 Baldwin 98.1 95.7 97.5 96.63 97.05 40 31 96.96 -100.00 $0.00 0 0 10 $0.00
1245 Baldwin 981 95.7 975 96.52 96.95 40 31 96.85 -100.00 $0.00 0 0 5 $0.00
1245 Baldwin 98.1 95.7 97.5 96.38 96.82 40 31 96.72 -100.00 $0.00 0 0 2 $0.00
1239 Baldwin 98.15 95.7 975 896.83 97.25 40 38 97.23 -100.00 $0.00 0 0
1239 Baldwin 98.15 957 97.5 96.95 97 33 40 38 97.31 -100.00 $0.00 [¢] 0
1239 Baldwin 98.15 95.7 97.5 96.84 97.26 40 38 97.24 -100.00 $0.00 0 0
1239 Baldwin 98.15 95.7 97.5 96.75 9717 40 38 a7.18 -100.00 $0.00 0 0
1239 Baldwin 98.15 95.7 7.5 96.63 97.05 40 38 97.03 -100.00 $0.00 0 0
1239 Baldwin 98.15 95.7 975 96.562 96.95 40 38 96.93 -100.00 $0.00 [V} 0
1239 Baldwin 98.15 95.7 97.5 96.38 96.82 40 38 96.80 -100.00 $0.00 0 0
1219 Baldwin 991 96.7 98.5 97.68 97.68 1 1 97 .68 -100.00 $0.00 0 0
1219 Baldwin 991 96.7 98.56 97.69 97.69 1 97.68 -100.00 $0.00 0 V]
1219 Baldwin 991 96.7 98.5 97.68 97.68 1 1 97.68 -100.00 $0.00 0 0
1219 Baldwin 99.1 96.7 98.5 97.7 97.7 1 1 97.70 -100.00 $0.00 0 0
1219 Baldwin 991 96.7 98.5 97.69 97.69 1 1 a7.69 -100.00 $0.00 0 0
1219 Baldwin 991 96.7 28.5 97.7 97.7 1 1 97.70 -100.00 $0.00 0 0
1219 Baldwin 99.1 96.7 98.5 97.7 97.7 1 1 97.70 -100.00 $0.00 0 0
Reg 0 0
0 0
0 0
0 0
0 0
0 0
0 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endangerment



- Downstream |Upstream 2 Interpolated R
fillished Sl Lowest 2-100/ Reg 100/ Reg ) Distance from)| Property 2- Building Damage Basement First Floor EemariacH
Building No Floo.r Floo‘r Opening Flood Flood Sgchon Downsiream 100/ Reg Flood Depth Costs Flooding Flooding Frequency Damage
Elevation Elevation ; . Distance ) Flood Costs
{m) Elevations Elevations Section R {m) ($) {Yes/ No) (Yes/ No)
(m) (m) Elevations %
(m) (m) m)
1245 Baldwin 98.1 95.7 975 96.83 97.25 40 31 97.16 -100.00 $0.00 0 0 Reg $0.00
1245 Baldwin 98.1 95.7 97.5 96.95 97.33 40 31 97.24 -100.00 $0.00 0 0 100 $0.00
1245 Baldwin 98.1 95.7 97.5 96.84 97 .26 40 31 97.17 -100.00 $0.00 0 0 50 $0.00
1245 Baldwin 98.1 95.7 97.5 96.75 97.17 40 31 97.08 -100.00 $0.00 0 0 25 $0.00
1245 Baldwin 98.1 95.7 97.5 96.63 97.05 40 3 96.96 -100.00 $0.00 0 0 10 $0.00
1245 Baldwin 98.1 95,7 975 96.52 96.95 40 31 96.85 -100.,00 $0.00 0 0 5 $0.00
1245 Baldwin 98.1 95.7 97.5 96.38 96.82 40 31 96.72 -100.00 $0.00 0 0 2 $0.00
1239 Baldwin 98.15 957 97.5 96.83 97.25 40 38 97.23 -100,00 $0.00 0 0
1239 Baldwin 98.15 95.7 97.5 96.95 97.33 40 38 97.31 -100.00 $0.00 0 0
1239 Baldwin 98.15 95.7 975 96.84 97.26 40 38 97.24 -100.00 $0.00 0 0
1239 Baldwin 98.15 95.7 a7.5 96,75 97.17 40 38 97.15 -100.00 $0.00 0 0
1239 Baldwin 98.15 95.7 97.5 96.63 97.05 40 38 97.03 -100.00 $0.00 0 0
1239 Baldwin 98.15 95.7 975 96.52 96.95 40 38 96.93 -100.00 $0.00 0 o]
1239 Baldwin 98.15 95,7 97.5 96.38 96.82 40 38 96:80 -100.00 $0.00 0 0
1219 Baldwin 99.1 96.7 98.5 97.68 97.68 1 1 97.68 -100.00 $0.00 o 0
1219 Baidwin 99.1 96.7 985 97.69 97.69 1 1 97.69 -100.00 $0.00 ¢} 0
1219 Baldwin 99.1 967 e85 97.68 97.68 1 1 97.68 -100.00 $0.00 0 0
1219 Baldwin 99.1 96.7 985 97.7 97.7 1 1 97.70 -100.00 $0.00 0 0
1219 Baldwin 99.1 96.7 98.5 97.69 97.69 1 1 97.69 -100.00 $0.00 0 0
1219 Baldwin 99.1 96.7 98.5 97.7 97.7 1 1 a7.70 -100.00 $0.00 0 0
1219 Baldwin 99.1 96.7 98.5 97.7 97.7 1 1 97.70 -100.00 $0.00 0 8]
Reg 0 [¢]
0 0
0 0
0 0
0 0
0 0
0 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endangerment



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Total Average Annual e Category
A ) ‘ . . .
Site | Event | WSEL |Homes B‘:se::ent First Floor DRESIde?;;TLe Industrial Area D Industcg:ue Corr;mercial D‘:ommnr;":ﬁ:e Inst:.:monal Dr:aﬁuusgﬁ:e Direct Damage Damages 2007 50 ;i? :::’t §%) IT::IE uhr‘e Importance/
esing amage Ll o Tee ag = ge Value Direct Damages ) 9 Significance | Product
Damages
(Yn) | (m) | (No) (No.) (No.) (8) (ha) ® (ha) ($) (ha) (8) () ($ (8) (1-10) (1-10)
2 92.69 0 o 0 50 0 0 0 0 1] 0 50
5 83.00 0 ] 0 $0 0 0 0 0 0 Y] S0
10 93.51 0 0 Q $0 0 Q 0 [ 1] 0 $0
24 25 9364 2 2 0 $31.024 0 0 0 ] i 0 $41.024 s2,257 541,209 2 8 18
50 93,69 2 2 ) $33.160 0 0 o 0 0 0 $33.160
100 93.74 2 2 1] 535,063 0 0 4] 0 0 "] $356.063
Reg 93.61 2 2 0 $32,915 0 0 2] 0 0 2] ﬁ'ﬁls
Total Average Annual Prasent Worth Category
: (50 Year, 5%) | Measure
Indirect Damage Damages 2007 v Importance/
Value Indirect Damages ncwest Weight | Significance | Product
9 Damages g
Evaluation Process (s (s) (8 (1-10) (1-10)
$0
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) 50
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) 50
related to whether building is subjected to flooding or not $4,654 $339 56,181 2 4 8
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $4.974
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $5,260
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% $4.937
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
Finished | Basement
. Lowest | Downstream 2-100/ ] Interpolated Propery 24 . . . - |
Vo | covaton | cvaton | 00 | nen pond | SEEEET SRR seoonostan | o 0%mee o, |Mioomag  road (24909 Po03 000 g o | Besemeniooany | FistForFoodng Fruency [SraiodOagage
(m) (m) (m} Elevations (m) Elevations (m)
1245 Bald 976 95.2 970 96.83 97.25 40 31 9716 017 $16,314.55 1 0 Reg $32,915.17
1245 Baldy 97.6 952 97.0 96.95 9733 40 31 a7.24 0.25 $17,424.73 1 0 100 $35,063.44
1245 Baldy 97 6 95.2 970 96.84 97 26 40 31 arar 0.18 $16,435 68 1 0 50 $33,159.55
1245 Bald 97.6 95.2 87.0 96,75/ 97.17 40 31 97.08 0.09 $15,377.13 1 1] 25 $31,023.90
1245 Bald 97,6 952 87.0 96.63 97.05 40, 31 96.96 =100.00 $0.00 0 0 10 $0.00
1245 Baldy 976 952 a7.0 96 52 96.95 40 31 96.85 -100.00 $0.00 0 Q 5 $0.00
1245 Baldy 97 6 952 97.0 96.38 96.82 40 31 96 ?2] -100.00 $C 00, 0 (4] 2 $0.00
1239 Baldy 97.65 952 a7.0 96.83 97.25 40 38 97 23] 019 $16,600.62 1 0
1239 Baldy 97 65 952 ar0 96.95 97.33 40 38 97.31 027 $17,638.71 1 a
1239 Baldy 97.65 952 97.0 96.84 97.26 40 38 a7 24 020 $16,723 87 1 [¢]
1239 Baldy 97.65 952 aro 96.75 9717 40 348 97.15 0.11 $15,646.77 1 Q
1239 Baldy 97,65 952 97.0 96.63 97.05 40 3a §47.03 100.00 $0.00 0 1]
1239 Baldy 97 65 95.2 97.0 96.52 96.95 40 38 96.93 100.00 $0.00 0 1]
1239 Baldy 97.65 85.2 97.0! 96.38 96.82 40 38 96.80 100.00 $0.00 1] 0
1219 Bald 98.6 a6.2 9B.0! 97.68 97 68 1 1 57.68 100.00 $0.00 0 ¢}
1219 Baldy 98.6 962 98.0 97.69 97.69 1 97.69) 100.00 $0.00 a 0
1219 Baldy 98.6 96.2 980 97.68 97.68 1 1 97 .68 100.00 $0.00 a 0
1219 Baldy 98.6 96.2 98.0 977 977 1 1 97,70 100.00| $C .00 0 [+
1219 Bald 98.6 96 2 98.0 97.69 97.69 1 1 97.69 10000 $0.00 0 0
1219 Baldy 98.6 96 2 98.0 977 977 1 1 87.70 100.00 $0.00 0 0
1219 Elaidﬂ g8.6 96.2 98.0 97.7 97.7 1 1 87.70 100.00 $0.00 0 0
Heg 2 0
2 0
2 0
2 0
0 0
0 0
0 0

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations

)
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Site #25 (WEDG0145T) Implementation Program

Recommended Management Approach/Project Scope:
*  Flood proof homes on Drummond Road: 410, 420, 426, 432, 438, 444, 448 to a height of 0.33m
*  Drummond Road culvert upgrade from existing 1. m by 1.2 m box culvert to 6 m by 1.8 m box culvert

Appropriate Lead for Undertaking:

° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

° Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

° Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Permit

U Regional Municipality for water and wastewater servicing alterations at Morrison Road (Site 23)

° Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

° Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

° Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:

Detailed topographic survey of creek, crossing and homes requiring flood proofing
Vegetation assessment

Natural channel design assessment

Hydraulic modeling refinement

Approval process with private land owners for flood proofing

Suggested Timing, Need for Phasing:

° Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

° Private land owners consent to proposed flood proofing

e Town of Oakville potential easement requirements

° Vegetation loss, requiring mitigation

Possible Monitoring Requirements:

e Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

° Potential creek stabilization resulting from local grading impacts

® Crossing maintencance

Potential Interface with Other Town/Agency Programs:

. To be discussed/ determined with the Town of Oakville and Conservation Halton

° Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects already identified by Conservation Halton

Other Funding Opportunities:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Canada/ Ontario Municipal Renewal Infrastracture Fund

° Others




Site #25 (WEDGO0145T) Specific Flood Management Alternative Assessment

Data/ Information:
Flooding mechanisms:

*  Drummond Road culvert crossing 1.2m by 1.2 m box with 1m +/- Regional storm backwater
affect.

* Flood plain capacity of less than the 2 year storm 5.20 m’/s

* Encroachment

Screened Alternatives:

* Culvert upgrade to 6m by 1.8 m concrete box.

* Road Profile improvements would be limited due to site constraints and existing road
elevation

* Floodplain/ channel improvements not practical based on extent of flooding

* Flood proofing homes not flooded on all sides

* Acquisition of 8 homes would be prohibitive

* Regulate

Preferred Management Approach:

* Upgrade culvert crossing on Drummond Road

* TFlood proof homes on Drummond Road —Nos. 410,420, 426, 432, 438, 444, and 448 to an
height of 0.33m. Topographic survey required to verify building elevations and flood
proofing required.

¢ Regulate

Potential Linkage to Adjacent Sites:

* Site 27, spill across Drummond Road eliminated due to culvert upgrade




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

. Road Private Vehicle Emergency Vehicle FHVAts Vehicle Er.nergency Prlvate_ Hnits Threat to Direct Indirect Sembined
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access cree . Life Damages | Damages
Facilities to Facilities Access
25 0.6 0.0 0.0 0.0 0.0 0.0 60.0 80.0 40.0 180.6




Table 4

Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event | Scale Category (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
} ) Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities {m/s Storm Event Frequency Modifiers Criteria Not Met |Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Maodifier *
frequency) Category
(4,6,8,10) (m) 2 5 10 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg | 2 5 10 | 25 50 | 100 | Reg 5 10 | 25 50 | 100 | Reg (2-100, Reg) (0.4-50) {1-10) Significance
25 Design Flood Criteria Collector 8 93,50 9361937937 938)|938(938(938| 01| 02)|02|03|03|03|[03]|]04|05]|05|06]| 06| 07|06 04 | 02 | 0.08| 004 | 0.02]|0.01| Collector/ 1:50-yr 0.04 2 0.64
25 Private Vehicle Level 4 Road/ 100-Regional 4 93.50 93.61937|937|938(938|938|938) 01|02 |02 |03]03|03|]03|04|05]|05]|06]|06]|07]| 06 04 | 0.2 | 0.08 004 | 0.02]| 0.01 None 0 5 0
25 Emergency Vehicle Level 4 Road/ 100-Regional 4 93.50 93.6|937|93.7)|938|938|938|938| 01| 02)]|]02)|03|03|]03|]03|04|05]|]05]|06]|06]| 07| 06 04 | 0.2 | 0.08 | 0.04 | 0.02 | 0.01 None 0.0 6 0
25 Private Vehicle Acess to Facilities No 0 93 50 936)1937]|937|938|938(938|938| 01 |02|02|03|03|03|03|04|05]|05|06]|]06]| 07|06 04 | 02 | 008]|0.04 | 0.02]0.01 None 0.0 3 0
25 Emergency Vehicle Access to Facilities No 0 93 50 9361937937 |938|938(938|938) 01 |02]|02|03]|03|03|03|04|05|05|06)]o06]|07]06 04 | 02 | 0.08]0.04 | 002|001 None 0.0 7 0
25 Private Vehicle Driveway Access (Multiuser) NA 0 93.50 936]937]1937]1938]938]|938]/938| 01 ]| 02]|02]03]03]03]03|]04|05]05]|]06)|o06]07] 06 04 | 0.2 | 0.08] 004 | 0.02] 0.01 NA 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, colflector etc. and then determine the appropriate design storm criteria (2-100, Regional)
2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.
3 Determine lowest road elevation at crossing
4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel
5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding
6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance
9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier

10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property

12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance




Table 5

Threat to Life Flood Criteria Evaluation
Sile Downsiream Fiood Elevalions (m) Resldenlial Units Flooded (#) Industrial Area (ha} Commercial Area {ha) Inslilutional (ha) Eandigse Z:r;::ille)s (pers/ha People Endangered Stlorm Evenl Frequency Modifiers Composits
Evalualion Catagory
N.m‘:?;nm? Ne. Scale Importance/
Uslngegtirem Measure Signiticance (1-10) | Product
site No 2 5 10 25 50 100 Reg 2 s 10 25 50 100 Reg 2 5 | 10| 25|50 (100(Reg| 2 | 5 | 0| 25 | 50 (100 Reg| 2 [ 5 | 10 | 25 | 50 | 100 | Reg [ Res | ind |com| st | 2 [ s | 10 | 25 | 50 | 100 |Reg| 2 | 5 | 10 | 25 | 50 | 100 | Reg Mullipllers We'g'::)‘;‘g(" (1((]7'DD’VU:"3_=)M
- Day and Nigl
Usage)
25 90.27 90.36 90 44 90.63 9077 90 91 90.86 4 7 7 7 7 7 ) 0 [ o| oo 0 o o 0 0 0 0 [\ 0 [J o | a 0 0 0 [\ 3 | 125 | 9 40 12 021 |21t |21 |2t |21 |21 |5s0|z2]10]4 2 i ] o4 13854 [ 10 60

Evaluation Process
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm
6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




inish Downstream [lJpstream 2| . Interpotated i
F',r:“s . Basement Lowesl 2-100/ Reg 100/ Reg . Distance | [Property 2- Building Damage Basement First Floor Sdmmaied
Building No IOOY Floo.r Opening Flood Flood Sgcllon _ 100/ Reg Flood Depth Costs Flooding Flooding Froquancy Eamaca
Elevalion Elevation i ! Distance | Downslream Flood Costs
(m) Elevations Elevations . ! (m) (%) (Yes/ No) (Yes/ No)
{m) (m) m) m Seclion Elevations 5)
{m)
448 Drummorn| 842 51.8] 9381 94.24 40 Ll 93.85 0.26| $17,534.64 1 0 Reg S1BB,122.84
448 Drummor 942 91.8 93 86 94.31 49 4 858 031| $18,22223 1 1) 100 $193,096.71
448 Drummory 94 2 91.8 93.a1 94.25 40 4 93.85 026| $17,54761 1 a 50 $188,848 19
448 Drummor 942 91 8 93.74 94.21 40 4 93.79 020 $16,699.15 1 a 25 $183,703.23
448 Drummao 942 918 93 67 94 11 40 4 23N 0.12| $15,821 34 t a 10 §177,344.52
448 Drummory 942 91.8 93.62 94.04 40 4 93.68 0.07| $15,224.34 1 a 5 $171,842.96
448 Drummot! 94.2 a1.8 93.54 93.95/ 40 4 93.58 -100.00 $0.00 Q 1] 2 $122,31972
444 Drummor 94 EI 918 93.78 93.81 40 Ell 9381 022| $16,929.24 1 |
444 Drummor 942 91.8 93.82 93.86 40 31 93,85 026| $17,50871 1 0
444 Drummaor 94.2 914 9379 93 81 40 31 93.81 022| $16,929 24 1 0
444 Drummor 942 91.8 93.77 9374 40 3 93.75 0.16] $16,209.30 1 0
444 Drummor] 942 918 93.73, 93 67 40 31 93 .68 0.09| $15,468.40 1 0
444 Drummor] 94.2 91.8 93.69 9362 40 31 93.64 005| $14,93158 1 0
444 Drummor] 942 91.8 93.64 93.54 40 31 93.56 -100.00 $0.00 a0 0
438 Drummor] 942 51,8 93.81 93.81 1 1 93.81% 0.22] $16,985 69 1 0
438 Drummor] 942 918 93 .86 93 86 1 1 93 86 0.27| $17,625.66 1 )
438 Drummor| 94.2 918 93.81 93.81 1 1 93.81 022] $16,985.69 1 0
438 Drummory 94 2] 91.8 93.74 93,74 1 1 83.74 0.15| $16,128.57 1 a
438 Drummor| 94 2 91.8 93.67 93.67 1 1 93.67 0.08| $15,314 70| 1 [¢]
438 Drummory 942 91.8 93.62 9362 1 1 93.62 0.03| $14,75863 1 g
438 Drummor| g94.2 91.8 93.54 93.54 1 1 93.54 -100.00 $0.00 Q a
432 Drummor| 931 90,7 93.79 93.79 23| 9] 9378 130 $37,75967 1 1
432 Drummor! 931 90.7 93.82 93.82 29 9 93.82| 1.33| $38,607 17 1 1
432 Drummos 831 90.7 93.8 93.79 29 a 93.80 1.31| $37,952.99 1 1
432 Drummon| 931 90.7 93.77 93.77 29 a 8377 1.28| $37,205.37 1 1
432 Drummorn 93.1 90.7] 93.73 93.73 29 9 93.73 1.24] $36,120.66 1 1
432 Drummory 93.1 90.7] 93.69 93.69 29 9 8369 1.20] $35,067.56 1 1
432 Drummony 93.1 90.7 93.64 93.64 29 g 93.64 1.15] $33,794 29 1 1
426 Grummor] 536 912 9373 5379| 3 20 9379 080[ $26,085.55 1 [
426 Drummotf 936 91.2] 93.82 93.82 31 20 9382 0.83| $26,671.30 1 1
426 Drummos 936 912 93.8 93.8 31 20 9380 081| $26,279.63 1 1
#26 Drummor| 93.6 91.2 93.77 93.77 31 20 2377 0.78| $25,702.88 1 1
428 Drummor| 93.6 91.2 93.73 93.73 31 20 93.73 0.74] $24,953.52 1 1
426 Drummo 93.6. g91.2 93.68 93.69 31 24 93,68 0.70) $24,226.01 1 1
426 Drummor 93.6 91.2 93.64 93.84 31 20 93 64 0.65] $23,346.38 1 1
120 Drummor] 932 50.8 93.79] 93.79 1 1 93.79 1.20] $35,067.58 1 1
420 Drummor] 932 908 93.82 93.82 1 1 a3.82 123 $35,854.46 1 1
420 Drummor]| 832 90.8 93.8| 93.8 1 1 93.80 1.21| $35,327.93 1 1
420 Drummot| 932 90.8 93.77 93.7% 1 1 2377 1.18] $34,552.61 | 1
420 Drummor 93.2 90.8 93.73 93.73 1 1 53.73 1.14] $33,545.24 1 1
420 Drummor 932 906 93.68 93.69 1 1 9369 110| $32,567.24 i 1
420 Drummot 93.2 9048 93.64 93.64 1 1 93.64 1.05] $31.384.75 1 1
410 Drummor 93.1 90.7 93.79| §53.79 30 7 9379 1.30] $37,759.87 1 1
410 Drummor| 931 90.7 93.82] 93.62 30 7 93.82] 1.33| $38,607.17 1 1
410 Drummor] 93.1 90.7 93.79 938 30 7 93.78 1.90| $37,825.10 1 1
410 Drummor] 93.1 90.7 93,77 93.77 30 7 93.77] 128 $37,205.37 | 1
410 Drummor] 931 907 93.73 93.73 30 7 893.73 1.24 $36,120.66 1 1
410 Drummor 93.1 90.7 93.69 93.69 30 7 93,69 120 $35,067.58 1 1
410 Drurnmory 231 90.7 93.64 93.64 30 7 9364 1.15] $33.794.29 1 1
1300 Amber (] 932 90.8 92.43 92.43] 1 1 52.43] -100.00 $0.00] 5i 0
1300 Amber (] 932 908 92,47 92.47| 1 1 §2.47 -100.00 $0.00] 0 0
1300 Amber ] 93.2 908 92.43 92.43 1 1 8243 -100.00 $0.00 0 0|
1300 Amber (J 93.2 90.8 92.47 92.47 1 1 9247 -100.00 $0.00 0 0
1300 Amber 93.2 90.8 92.42 92 42 1 1 8242 -100.00 $0,00 [¢] 1]
1300 Amber ] 93.2 908 92,42 92 42| 1 1 9242 -100.00 $0.00 0| Q
|1300 Amber (] 932 90.8 92,42 92 42 1 1 g2.42 »100.00} $0.00 8] a
1306 Amber (] 933 909 50.86, 91.46| 30 22 91.30 -100.00 $0.00 [¢] 0
1306 Amber ¢} 933 90.9 90.91 9153 30 22 91.36 -100.00 $0.00 0] a
1306 Amber (] 93.3 0.9 90.77 91.46 30, 22 81.28 =100.00 $0.00 a a
1306 Amber (] 93.3 909 90.63 91.4 30 22 91.19 -100.00 $0.00 o] [¢]
1306 Amber (] 93.3 90.9 90.44 91.18 30) 22 280.97 -100,00 $0.00 ¢] Q
1306 Amber (] 933 90.9 90,36 91.04 30 22 90.86 -100.00 $0.00 ¢} ¢}
1306 Amber (] 93.3 90.9 90.27 90.91 30 22 8074 -100.00 $0.00 J¢] a
1286 Cumno] 95 92,6 93.79| 9379 1 1 93.79 -100.00 5000 [¢] Q
1286 Cumnog| 95 92,6 93.82 9382 1 1 93.82 -100.00 $0.00 a Q
1286 Cumnoc] 95 92.6 93.8 938 1 1 93.80 -100.00 $0.00 a a
1286 Cumnot] 95 926 93,77 93.77 1 % 83.77 -100.00 $0.00 Q o
1286 Cumnod| 95 92.6 93.73 93,73 1 1 83.73 -100.00 $0.00 [{] a
1286 Cumnox| 95 92.6 93.69 93.69 1 1 93.69 -100.00 $0.00 a a
1286 Cumnos| 95 92.6 93.64 93,64 1 1 93.64 -100.00 $0.00 Q 1]
Rag 7 4
100 7 4
50 7 4
25 7 &
10 7 4
5 7 4
2 4 4

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endangermer



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Total Average Annual Present Worth Category
Site | Event | WSEL |Homes BFT:zg:ﬁm First Floor D:;?d:valilje Industrial Area Dalrl;:uzt:ll::ue Con::\:arclal D(;g\r:n;e\r;:ﬁ: e lnst:lrl:aonal D':;gtuet'\(;:ﬁ:e Direct Damage Damages 2007 (50 gi(:::ts %) “C;:fl:]rf Importance/
9 9 9 9 9 Value Direct Damages 9 Significance | Product
Damages
(Yr) (m) | (No.) (No.) (No.) (%) {ha) ($) (ha) (%) (ha) (%) % % % (1-10) (1-10)
2 92.69 4 4 4 $122,320 0 0 0 0 0 0 $122,320
5 93.00 7 7 4 $171,843 0 0 0 0 0 0 $171,843
10 93.51 7 7 4 $177,345 0 0 0 0 0 0 $177.345
£ 25 93.64 7 7 4 $183,703 0 0 0 0 0 0 $183,703 $80,044 Biras2a i 8 80
50 93.69 7 7 4 $186,848 0 0 0 0 0 0 $188,848
100 93.74 7 7 4 $183.097 0 0 0 0 0 0 $193,097
Reg 9361 7 7 4 188,123 0 0 0 0 a 0 $188,123
Total Average Annual Sl Category
. (50 Year, 5%) | Measure
Indirect Damage Damages 2007 Indirect Weiaht Importance/
Value Indirect Damages 9 Significance | Product
Damages
Evaluation Process (%) ($) Q) (1-10) (1-10)
$18,348
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) $25,776
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) $26,602
related to whether building is subjected to flooding or not $27,555 $12,007 $219,192 10 4 40
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $28,327
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $28,965
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% $28.218
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Dam ages
Finished | Basement j
- Lowest | Downstream  2-100/ ' Interpolated Property 2 _— . ) )
Building Floor Floor 3 Upstream 2-100/ Reg . . Distance from Building Flood Basement Flooding First Floor Flooding
No. Elevation | Elevation pering E:Reg i . Flood Elevations (m) SECIONDISANES Downstream Section 120; Fte_g Flaog Depth (m) Damage Costs ® (Yes/ No) {Yes/ No) Frequency e
(m) (m) (m) evations {m) levations ]
448 Drumr 94.2 91.8 936 9381 94.24 40 2 9385 0.26 $17,534.64 1 0 Reg $168,122.64
448 Drumr 94.2 91.8 0386 93.86 94.31 40 4 93.91 0.31 $18,222.23 1 0 100 $193,096.71
448 Drumi] 94.2 91.8 93.6 93.81 94.25 40 4 03.85 026 $17,547.61 1 0 50 $168,848.19
448 Drun 94.2 91.8 936 93.74 94.21 40 4 93.79 020 $16,699.15 1 0 25 $183,703.23
448 Drumr 94.2 91.8 93.6 9367 94.11 40 4 93.71 0.12 $15,821.34 1 0 10 $177,344.52
448 Drumy 94.2 91.8 936 93.62 94.04 40 4 93.66 0.07 $15,224.34 1 0 5 $171,842.96
448 Drumi| 94.2 1.8 93.6 93.54 93.95 40 4 93.58 -100.00 $0.00 0 0 2 $122,319.72
444 Drami 942 91.8 936 93.79 6381 40 3 93,81 022 $16,929.24 7 0
444 Drumi] 94.2 o1.8 03.6 93.62 93.86 40 31 93.85 026 $17,508.71 1 0
444 Drumr 94.2 91.8 03.6 93.79 93,81 40 31 9381 022 $16,929.24 1 0
444 Drumt] 94.2 61.8 936 93.77 93.74 40 31 93.75 016 $16,209.30 1 0
444 Drumi 94.2 91.8 93.6 93.73 93.67 40 31 93.68 009 $15,468.40 1 0
444 Drumr 94.2 018 936 93.69 93.62 40 31 93.64 0.05 $14,931.58 1 0
444 Drumi] 94.2 91.8 93.6 93.64 93.54 40 31 93.56 -100.00 $0.00 0 0
438 Drumr 942 918 936 93,61 9381 1 1 93.81 022 $16,985.69 1 0
438 Drum] 94.2 91.8 93,6 93.86 93.86 1 93.86 0.27 $17,625.66 1 0
438 Drumrl 94.2 91.8 83,6 93.81 93.81 1 1 9381 022 $16,985.60 1 0
438 Drumr 94.2 1.8 93.6 93.74 93.74 1 1 9374 015 $16,128.57 1 0
438 Drumr| 94.2 91.8 83.6 93.67 93.67 1 1 93,67 0.08 $15,314.70 1 0
438 Drumr] 94.2 1.8 938 93,62 93.62 1 1 9362 0.03 $14,758.63 1 0
438 Drumi] 94.2 91.8 936 93.54 93.54 1 1 9354 -100.00 50.00 0 0
432 Drum| 31 90.7 925 93.79 93.79 29 ] 93.79 1.30 $37,759.67 7 1
432 Drumi 93.1 80.7 925 93.82 93.82 29 9 g3.82 1.33 $38,607.17 1 1
432 Drum] 93.1 90.7 925 93.8 93.79 29 a 93.80 1.31 $37,952.99 1 1
432 Drum 93.1 90.7 925 93.77 93.77 29 a 9377 1.28 $37,205.37 1 1
432 Drumi] 93.1 90.7 925 93.73 93.73 29 9 93.73 1.24 $36,120.66 1 1
432 Drumi 93.1 80.7 925 93.69 93.69 29 9 93.69 1.20 $35,067.58 1 1
432 Drumy| 3.1 90.7 925 93.64 93.64 29 g 93.64 1.15 $33,794.29 1 1
326 Drum 9356 aiz 930 9379 93.79 31 20 93.79 0.80 $26,085.95 1 1
426 Drun| 936 912 93.0 93.82 93.82 31 20 93.82 0.83 $26,671.30 1 1
426 Druny 938 91.2 93.0 93,8 938 a1 20 43,80 0.81 $26,279.63 1 1
425 Drumi 93.6 1.2 930 03.77 93.77 at 20 9377 078 $25,702.88 1 1
426 Drumif 93.6 1.2 3.0 9373 93.73 31 20 83,73 074 $24,953.52 1 1




Frequency

Cost

Finished(]iBasement Lowest | Downstream  2-100/ Interpolated Property 2
Building Floor Floor . Upstream  2-100/ Reg . . Distance from Building Flood Basement Flooding First Floor Flooding
) N Opening Reg Flood . Section Distance . 100/ Reg Flood Damage Costs ($)
No Elevation | Elevation i Flood Elevations (m) Downstream Section § Depth (m) (Yes/ No) (Yes/ No)
(m) (m) E) Elevations (m) Elevations ﬂ) -
426 Drumi 93.6 91.2 93.0 93.69 93,69 31 20 93.69 0.70 $24,226.01 1 1
426 Drumt 93.6 91,2 93.0 93.64 93.64 31 20 93.64 0.65 $23,346.38 1 1
420 Drumr 932 90.8 92.6 9379 93.79 1 1 93.79 1.20 $35,067.58 1 1
420 Drumr 932 90.8 92.6 93.82 93.82 1 1 93.82 1.23 $35,854.46 1 1
420 Drumr 93.2 90.8 92,6 93.8 938 1 1 93.80 1.21 $35,327.93 1 1
420 Drumrj 932 90.8 92.6 93.77 93.77 1 1 93.77 1.18 $34,552.61 1 1
420 Drumr 93.2 90.8 92.6 93.73 9373 1 1 93.73 1.14 $33,545,24 1 1
420 Drumi] 932 90.8 92.6 93,69 93.69 1 1 93.69 1.10 $32,567.24 1 1
420 Drumi] 93.2 90.8 92.6 93.64 93.64 1 1 93.64 1.05 $31,384.75 1 1
410 Drumi 93.1 90.7 92.5 9379 93.79 30 7 93.79 1.30 $37,759.87 1 1
410 Drumi 93.1 90.7 925 93.82 93.82 30 7 93,82 1.33 $38,607.17 1 1
410 Drumy 93.1 90.7 925 93,79 93.8 30 7 93.79 1.30 $37,825.10 1 1
410 Drump 93.1 90,7 92.5 93.77 93,77 30 7 93.77 1.28 $37,205.37 1 1
410 Drumr 93.1 90.7 92,5 93.73 93.73 30 7 93.73 124 $36,120.66 1 1
410 Drumy 93.1 90.7 925 93.69 93.69 30 7 93.69 1.20 $35,067,58 1 1
410 Drumij 931 90.7 92.5 93.64 93.64 30| 7 93.64 1.15 $33,794.29 1 1
1300 Amby 932 90.8 92.6 92.43 92.43 1 1 9243 -100.00 $0.00 0 0
1300 Amb 932 90.8 926 92 47 92.47 1 1 92.47 =100.00 $0.00 0 0
1300 Amby 93.2 90.8 92.6 9243 92.43 1 1 9243 -100.00 $0.00 0 0
1300 Amb 93.2 90.8 928 92.47 92.47 1 1 92.47 -100.00 $0.00 0 0
1300 Ambd{ 93.2 90.8 926 9242 92,42 1 1 92.42 =100.00, $0.00 0 0
1300 Amb 93.2 90.8 926 92.42 92.42 1 1 9242 =100.00] $0.00 0 0
1300 Amb 93.2 90.8 926 92.42 92.42 1 1 g2.42 ~100.00 $0.00 0 0
1306 Amh 93.3 90.9 92.7 90.86 91.46 30 22 91.30 -100.00 $0.00 0 0
1306 Amb 93.3 90.9 927 90.91 91.53 30 22 91.36 -100.00 $0.00 0 0
1306 Amb 93.3 90.9 92,7 90.77 91.46 30 22 91.28 -100.00 $0.00 0 0
1306 Amb 93.3 90.9 927 90.63 91.4 30 22 91,19 -100.00 $0.00 0 0
1306 Amb 93.3 90.9 92.7 90.44 91.16 30 22 90.97 -100.00 $0.00 0 0
1306 Ambi 93.3 90.9 92.7 90.36 91.04 30 22 90.86 -100.00 $0.00 0 0
1306 Amb 93.3 90.9 92.7 90.27 90.91 30 22 90.74 -100.00 $0.00 0 0
1286 Cum 95 92.6 94.4 93.79 93.79 1 1 93.79 -100.00 $0.00 0 0
1286 Cum 95 92.6 944 93.82 9382 1 1 93.82 -100.00 $0.00 0 0
1286 Cum 95 92.6 94.4 93.8 93.8 1 1 93.80 -100.00 $0.00 0 0
1286 Cum 95 92.6 94 4 93.77 93.77 1 1 9377 -100.00 $0.00 0 0
1286 Cum 95 92.6 94.4 93.73 93.73 1 1 93.73 -100.00 $0.00 0 0
1286 Cum 95 92.6 a4.4 93.69 93.69 1 1 93.69 -100.00 $0,00 0 0
1286 Cum 95 92.6 944 93.64 93.64 1 1 93.64 -100.00 $0.00 0 0
Reg 7 4
100 7 4
50 7 4
25 74 4
10 7 4
5 % 4
2 4 4

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

S Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations
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Site #26 (WEDG1810M) Specific Flood Management Alternative Assessment

Data/ Information:

Flooding mechanisms:

Duncan Road crossing 2.3 m by 1.8 m elliptical CSP with Regional storm backwater of
1.2 m+/-

Floodplain capacity of 2-5 year storm 16.2 m*/s to 20.7 m/s

Encroachment

Screened Alternatives:

Crossing upgrades — 6 m by 2.1 m box culvert at Duncan Road

Road profile improvement — not practical due to existing driveways, lot grading and culvert
configuration

Floodplain/channel upgrades — not practical due to natural vegetation and resulting limited
hydraulic improvement

Flood-proofing not a stand alone alternative

Acquisition

Regulate

Preferred Management Approach:

Culvert upgrades

Flood-proofing of 1373 and 1379, by 0.15 m and 0.25 m respectively. Topographic survey
required to verify building elevations and flood proofing required after culvert upgrades
complete.

Regulate

Potential Linkage to Adjacent Sites:

Site 22




Site #26 (WEDG1810M) Implementation Program

Recommended Management Approach/Project Scope:
*  Flood proofing of 1373 and 1379 Duncan Road by 0.15m and 0.25 m respectively
* __Duncan Road crossing upgrade from 2.3 m by 1.8 m elliptical CSP to 6 m by 2.1 m box culvert

Appropriate Lead for Undertaking:

° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

° Town of Oakville’s Policies and protocols

. Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

e Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

e Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

° Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and

Watercourse Permit
Regional Municipality for water and wastewater servicing alterations

Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

° Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)
° Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:

. Detailed topographic survey of creek, crossing and homes to be flood proofed
° Vegetation assessment at crossing

° Natural channel design assessment

e Hydraulic modeling refinement

° Approval process with private land owners

Suggested Timing, Need for Phasing:

° Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues.

. Private land owners consent to proposed flood proofing

° Town of Oakville potential easement requirements

° Vegetation loss, requiring mitigation

Possible Monitoring Requirements:

® Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

o Potential creek stabilization resulting from local grading impacts

° Crossing maintenance

Potential Interface with Other Town/Agency Programs:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects already identified by Conservation Halton

Other Funding Opportunities:

° To be discussed/ determined with the Town of Qakville and Conservation Halton

° Canada/ Ontario Municipal Renewal Infrastructure Fund

° Others




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

A Road Private Vehicle Emergency Vehicle Frivate Venicla Er.nergency Prlvate_ SIS Threat to Direct Indirect ot
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access e g Life Damages | Damages
Facilities to Facilities Access
26 0.6 30.0 0.0 0.0 0.0 0.0 50.0 32.0 16.0 128.6




Table 4
Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event [ Scale Category [ (peasure
Measure Driveway Flooding Starts/ or Frequency Importance/ Welghting *
i . Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s, Storm Event Frequency Moditiers Criteria Not Met | Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4.6,8,10) (m) 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 | Reg (2-100, Reg) {0.4-50) (1-10) Significance
26 Design Flood Criteria Collector 8 93.85 9421943944 1945)946|947|944| 04 | 04 |05 | 07|07 |08 |06 |06]|08|09|11]12] 13|10 1 04 | 02 |008|004]|002] 001 Collector/ 1:50 0.04 2 0.64
26 Private Vehicle Level 3 Road/ 100-Regional 6 93.85 9421943944 (945|946|94.71944| 04 [ 04 | 05| 07|07 |08 |06 |06]|08]09|11]12]13] 10 1 04 | 02 | 008]004]002]|0.01 2-yr 1.0 5 30
26 Emergency Vehicle Level 3 Road/ 100-Regional 6 93.85 942 (943(944|945)946)1947|944| 04 | 04 | 05| 07| 07|08 | 06| 06| 08|09 11]12]13] 1.0 1 04 | 02 | 0.08]004]002] 001 None 0.0 6 0
26 Private Vehicle Acess to Facilities No 0 93.85 9421943|944|945|946)|947|944| 04 | 04| 05| 07| 07| 08| 06|06|08|09]|11]12]13] 1.0 1 04 | 02 | 008]0.04|0.02] 001 None 0.0 3 0
26 Emergency Vehicle Access to Facilities No 0 93.85 942 1943|944 |945|946| 947|944 04 | 04 ) 05| 07| 07| 08|06 |06]|08|09]|11]12]|13] 10 1 04 | 02 | 008 004]0.02]0.01 None 0.0 7 (o]
26 Private Vehicle Driveway Access (Multiuser) NA 0 93.85 9421943/944]1945]946|947]944]| 04 | 04 |05 | 07|07 |08 ]| 0606|0809 | 11]|12]|13] 10 1 04 | 02 | 0.08 ] 0.04 | 0.02 | 0.01 None 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)

2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Madifier and the Evaluation Scale Category Significance



Table 5
Threal 1o Lile Flood Criteria Evaluation

Site Downstream Flood Elavations () Hosidontial Urits Frooded (4) iedustrial Aren ) Commarcial Aron (i) Instituticail flin) "‘""“"D‘":_‘:'.']“‘”“”'"’ Peapls Endangersd Storm Event Frequancy Moddiers ——
allzed Evaluation Calogory
No. of Sealo Importance!
Ut‘ﬁﬂ Moasurs Signiticance (1-10] | Produat
Sita No 2 ] 10 % 50 100 B 2 5 10 5 s 100 feg 2 || 28 (50 )00 fey| @ | s | 10 a5 | 50| 100 [Reg| 2 | 5 | 10 |25 | 50 | 100 [Reg | Mes | md |cam| metw | 2 | 5 | w25 [ 50 |00 |reg| 2 | 5 | 10| 26 | 0| 100 | reg Madtipliars W"ﬂ';:;'ﬂl" {I:l"lf“i:;:::hl
= Day &
Usage)
0 8334 4.4 04 34 543 o124 g4.18 Moy rd Z 2 2 2 4 F] "] o a 0 o o ] ] o L] o 0 0 a o o o ] o L o a 125 w0 L 6 8 ) ] & 3 0 0 20 w 4 2 1 04 S19 > 10

Evaluation Process

1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)

2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)

4 Determine number of people endagered for each storm event, Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered

5 Determine normalized number of people endangered for all storm avents using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)

7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance



. Downstream |Upstream 2. ) Interpolated ’
Finished SaSheat Lowest 2-100/ Reg 100/ Reg . Distancs JFroperty 2 Building Damage Basement First Floor pUmmarized
Building No Floor Floolr Opening Flood Flood S.ectlon iiom L Flood Depth Costs Flooding Flooding Frequency Damage
Elevation Elevation . ] Distance | Downstream Flood Costs
(m) Elevations Elevations . ! (m) (%) (Yes/ No) (Yes/ No)
(m) (m) Section Elevations (%)
(m) (m) )

1373 Duncan 94.6 92.2 94.0 94,39 94.53 50 B 94.41 0.42| $19,728.93 1 o Reg  $38,051.19

1373 Duncan 94.6 922 94.0 94.6 94.84 50 8 94 64 0.65( $23,318.77 1 1 100 $44,974.90

1373 Duncan 94.6 92.2 94.0 94.53 94 73 50 B 94.56 0.57| $22,037.50 1 0 50 $42,503.71

1373 Duncan 94.6 922 94.0 94,45 94.61 50 ! 94.48 0.49( $20,673.14 1 0 25  $39,872.28

1373 Duncan 94.6 92,2 94.0 94.34 94.46 50 8 94.36 0.37| $18,967.64 1 0 10 $36,582.87

1373 Duncan 94.6 92.2 94.0 94.25 94.35 50 -] 94.27 0.28| $17,704.06 1 0 5 $34,145.82

1373 Duncan 94.6 92.2 94.0 94.19 94.25 50 B 94.20 0.21] $16,855.52 1 o] 2 $32,509.23
1379 Duncan 94.7 92.3 941 94.39 94.53 50 8 94.41 0.32| $18,322.25 1 0
1379 Duncan 947 92.3 94.1 94.6 94.84 50 8 94.64 0.55| $21,656.13 1 0
1379 Duncan 94.7 92.3 94.1 94.53 94.73 50 8 94.56 0.47| $20,466.21 1 0
1379 Duncan 94.7 92.3 94.1 94.45 94.61 50 8 94.48 0.39] $19,199.14 1 0
1379 Duncan 94.7 92,3 94.1 94.34 94.46 50 8 94.36 0.27| $17.615.24 1 V]
1379 Duncan 94.7 92.3 94.1 94.25 94.35 50 8 94.27 0.18| $16,441.76 1 0
1379 Duncan 94.7 92.3 94.1 94.19 94.25 50 8 94.20 0.11| $15,653.71 1 0
1380 Acton C 96.1 93.7 95.5 94 54 94.44 40 3 94,53 -100.00 $0.00 0 0
1380 Acton G 96.1 93.7 95.5 94.84 94.75 40 3 94,83 -100.00 $0.00 0 0
1380 Acton C 96.1 93.7 95.5 94.73 94.64 40 3 94,72 -100.00 $0.00 0 0
1380 Acton G 96.1 93.7 95.5 94.62 94.52 40 3 94.61 -100.00 $0.00 0 0
1380 Acton G 96.1 93.7 855 94.47 94.37 40 3 94.46 -100.00 $0.00 0 0
1380 Acton G 96.1 93.7 95.5 94.35 94.25 40 3 94.34 -100.00 $0.00 4] 0
1380 Acton C 96.1 93.7 95.5 94.25 94.17 40 3 94.24 -100.00 $0.00 4] 0
1372 Acton G 96.1 93.7 95.5 94.54 94.44 40 " 94.51 -100.00 $0.00 0 0
1372 Acton G 96.1 93.7 95.5 94.84 94.75 40 11 84.82 -100.00 $0.00 0 0
1372 Acton G 96.1 93.7 95.5 94.73 94.64 40 1 947 -100.00 $0.00 0 0
1372 Acton C 96.1 93.7 95.5 94.62 94,52 40 1 94.59 -100.00 $0.00 0 0
1372 Acton G 96.1 93.7 95.5 94.47 94.37 40 1" 24.44 -100.00 $0.00 0 a
1372 Acton G 96.1 93.7 95.5 94.35 94.25 40 1 94.32 -100.00 $0.00 0 0
1372 Acton C 96.1 93.7 95.5 94.25 94.17 40 1" 94.23 -100.00 $0.00 0 0
1368 Acton C! 96.2 93.8 95.6 94.54 94,44 40 22 94.49 -100.00 $0.00 0 0
1368 Acton G 96.2 93.8 95.6 94.84 94,75 40 22 9479 -100.00 $0.00 ] 0
1368 Acton C 96.2 93.8 95.6 94.73 94.64 40 22 94.68 ~100.00 $0.00 0 0
1368 Acton C 96.2 93.8 956 94.62 94,52 40 22 94.57 -100.00 $0.00 0 1]
1368 Acton C 96.2 93.8 95.6 94.47 94,37 40 22 G94.42 =100.00 $0.00 0 0
1368 Acton C 96.2 93.8 95.6 94.35 94.25 40 22 94.30 -100.00 $0.00 0 0
1368 Acton G 96.2 93.8 95.6 94.25 94,17 40 22 94.21 -100.00 $0.00 0 0
Reg 2 0
100 2 1
50 2 0
25 2 0
10 2 o]
5 2 o]
2 2 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endangerment



Table 6
Flooding Damages Evaluation Scale Category: Site Assessment
Present Worth
Total Average Annual s Category
Site Event | WSEL |Homes B;:;:‘:inl First Floor Ds:‘said:r‘a:i?l Industrial Area D L::u:l::a:ue CO“;T:SI‘BW 02:1:“3:::5 ll‘lsl::lel;onal DI::,laltu;lﬁzlaJe Direct Damage Damages 2007 ( 50;;:::,15 #) h:::;s ";:f Importance/
g ge Value Amage-va ge 9 Value Direct Damages g Significance | Product
Damages
(Yr) (m) | (No.) (No.) (No) (s) (ha) (s) (ha) (s) (ha) (S (s) s (s) (1-10) (1-10)
2 92,69 2 2 1] $32.509 1] 1] 1] a 1] [ $32,509
5 53.00 2 2 1] $34.146 0 1] Q 1] a 0 534,146
10 93151 2 2 0 $35.583 '] 1] 1] o 1] 0 536,583
2 25 93,64 2 2 0 s39.872 0 0 [ 0 o 0 529,872 124 $319.014 4 & a2
50 93.69 2 2 0 S42.504 0 0 ] 0 o 1] §42,504
100 #3774 2 2 i 544,975 1] 1] a 0 0 ] $44.975
Aag 9361 2 2 ] $38.051 Q 0 0 0 1] ] $38,051 =
Total Average Annual rresent iord Category
( 50 Year, 5%) | Measure
Indirect Damage Damages 2007 Importance/
Value Indirect Damages Moot Weight Significance | Product
Damages
Evaluation Process (S) (s) (s) (1-10) (1-10)
$4.876
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) 55,122
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) 56,487
related to whether building is subjected to flooding or not $5.981 sz S4T. 857 4 ¥ J
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) 56,376
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $6.746
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% $5,708
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
Finished | Basement
- Lowest | Downslream  2-100/ y Interpolated Proporty  2- - . . .
Building Floor Floor . Upstream  2-100/ Reg : . Distance from Building Flood Basement Flooding First Floor Flooding Summarnzed Damago
No. Elevation | Elevation Opening Reg . ficod Flood Elevations (m) Section Distance Downstream Section 100/ Rag Flood Deplh {m) Damage Costs ®) (Yes/ No) (Yes/ No) Frequency Costs (%)
(m (m) (m) Elevations Elavalions {m)
1373 Dung G4.6| 922 54.0] 84 53 50 8| 8441 042 $19,7268.93 1 0! Reg $38,051 19
1373 Dunty 94.6 92.2 94.Q) 94 84 50 8 94 64 065 $23,318.77, 1 1 100 $44,974 90
1373 Dungy 94.6 92.2 94.0| 9473 50 8 94.56] 0.57] $22,037.50, 1 (1] 50 $42,503.71
1373 Dung; 94,8 94 Q| 94.61 50 8 94 48 0.49 $20,673.14 1 0 25 $39,872.28
1373 Dunj 94 6 94.04 94.46 50 8 64,36 0.37 $18,967 64 1 Q 10 $36,582.87
1373 Dung} 94 B 940 94.35 50 8 94,27 028 $17,704.06 1 0 5 $34,145 82
1373 Dung 94.6 94.4 9425 50 B 94 20 0.21 $16,855.52 1 1) 2 $32,509.23
1379 Dung, 94.7 841 . 94.53 50 B a4 41 0.3z s1832225 1 0
1379 Dung| 94.7 841 94 6 94.84 50 8 94,64 055 $21,656.13 1 Q
1379 Dungj 947 4.1 94.53 94.73 50 8 9458 047 $20,466 21 1 0
1379 Dunt 94.7 923 241 94.45 94.61 50 B 24,48 039 $19,199.14 1 0
1379 Dung| 94.7 92 3 941 94.34 94.46 50 8| 84,36 027 $17,61524 1 o
1379 Dung 94.7 923 84,1 94.25 9435 50 | 94 27 018 $16,441.76 1 Q
1379 Dug 947 92.3 541 94.19 94.25 50 a 94 20 0.11 $15,653.71 1 0
1380 Acto 96.1 93.7 955 9454 94 44 40 3 9453 =100.00/ $0.00 0 [
1380 Acto] 96.1 93.7 955 94.84 9475 40 3 94,83 -100.00| $000 0| [t}
1380 Agtor] 96.1 93,7 95.5 94.78 94.64 40 3 94 72 -100.00) §0.00) 0 0
1380 Actotf 96.1 93.7 955 94.62 94,52 40 3 94.61 -100.00| $0.00] 0| 0
1380 Actor| 96.1 93.7, 95.5 94.47) 94.37 40 3 94 46 -100.00 $0.001 0| ]
1380 Actorf 961 93.7 95 5| 94.35 94 25 40 3 94.34 -100.00 $0.00 0} 0
1380 Aclor) 96.1 937 95 5/ 9425 94 17 49| 3 9424 -100.00 $0.00 o 0|
1372 Acian 96.1 93.7) 855 94,54 94.44 40 11 94 51 -100.00 $0.00 a 0|
1372 Actor| 96.1 93.7| 95.5 94.84 9475 40 1 94 82 -100.00] $0.00 g 0
1372 Actor| 96.1 93.7 95.5 94.73 94.64 44 1 94.71 -100.00] $0.00 a )
1372 Actor] 96.1 937 95.5 94.62 94,52 44| 11 94 59 -100.00| $0.00 0 0
1372 Aclol 96.1 9.7 95.5 94.47 94.37 404 1 94 44 -100.00| $0.00 [¢] 0
1372 Actol 96.1 937 955 94 35 94,25 40 1 94.32 -100.00| $0.00 4 0
1372 Actal 96.1 3.7 855 94.& 94,17 40 11 94 23 -100.00| $0.00| 0| 0
(7368 Acton 96.2 93.8 95.6 94 54 94.44 40 22 94 49 -IDD.DO1 $0. 05! 0 0
1368 Actai 96.2 938 95 .6/ 94.84 94,75 40 22 9478 =100.00| $0.00 0 0
1368 Actof 96.2 93.8 958 94.73| 94.64 40 22 34 68 =100.00| $0.00 Q 0
1368 Aclo| 962 938 25 6| 94.62 94.52 40 22 9457 =100.00 $0.00 ] 0
1368 Actod 962 938 a5 6/ 94 47 94.37 40 22 9442 -100.00 $0.00 1] 0
1368 Actarf 96.2 93 8 95.6] 94.35 94.25 40 22 94 30 +100.00/ $0.00 o 0
1368 Actor] 96.2 93 8 65.6] 4425 94.17 40 22 94.21 =100.00| 50.00 0 [
Reg 2 1]
100 2 1
50 2 0
25 2 0
10 2 0
5 2 4]
2 2 [}

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
3 Determine basement floor elevation by substracting 2.44m from the first floor elevation
4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations




SITE #27 - WEDG1549M



-y

2 'L_gﬁﬁ_ﬁ%‘“w{_,,‘_a_?:d‘lw___ ‘
E I' [_1-7 1 . - ‘-‘ ‘_'

e, *A% .

TOWNWIDE FLOODING STUDY Project No. 106026
LEGEND : TOWN OF OAKVILLE Date January 2008
- SITE # 27 - WEDG1549M )

Figure No. 27

Feb 11/08 - avogt

(=]
=
9
N~
N
|
O
=
0
pd
0
O
O
S
c
O
B
|
o
pad
98]
/
o
z
©
/
[-—
©
e
o
=
/
te)
™~
O
(o]
O
/
¢
f -
O
=
.
€]




Site #27 (WEDG1549M) Implementation Program

Recommended Management Approach/Project Scope:

*  Amber Crescent crossing upgrade from 2.7 m by 2.2 m CSP arch to 6 m by 1.2 m concrete box
* Flood proofing of homes still flooded after crossing upgrade

* _Implement Devon Road Culvert Improvements — separate Town of Oakville Project

Appropriate Lead for Undertaking:

. Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

° Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

e Town of Oakville

o Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and

Watercourse Permit
Regional Municipality for water and wastewater servicing alterations at Morrison Road (Site 23)

Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

° Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

° Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:

° Detailed topographic survey of creek, Amber Road and Devon Road culverts and homes within
Regulatory floodplain

° Vegetation assessment

° Natural channel design assessment

o Hydraulic modeling refinement

[ J

Approval process with private land owners for flood proofing

Suggested Timing, Need for Phasing:

° Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

° Private land owners consent to proposed grading of creek adjacent to culvert upgrade

° Town of Oakville potential easement requirements

° Vegetation loss, requiring mitigation

Possible Monitoring Requirements:

* Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

° Potential creek stabilization resulting from local grading impacts

° Crossing(s) maintenance

Potential Interface with Other Town/Agency Programs:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

e Potential opportunities with Town’s Creek Erosion Study and road work

o Potential projects already identified by Conservation Halton

Other Funding Opportunities:

U] To be discussed/ determined with the Town of QOakville and Conservation Halton

° Canada/ Ontario Municipal Renewal Infrastructure Fund

° Others




Site #27 (WEDG1549M) Specific Flood Management Alternative Assessment

Data/ Information:
Flooding mechanisms:
* Devon Road to Amber Cres. floodplain capacity and culvert capacity

* Amber Cres. and upstream floodplain capacity and culvert capacity
* Encroachment

Screened Alternatives:

* Floodplain improvements — not very practical based on private property and existing natural
vegetation

* Devon Road culvert improvements — being undertaken by the Town of Oakville under
separate study — twin 4.27 m span Conspan culverts

* Culvert improvement on Amber Cres. from 2.7 m by 2.2 m CSP arch to 6 m by 12 m
concrete box

*  Flood-proofing

* Regulate

Preferred Management Approach:

* Amber Cres. culvert improvement

* Flood-proof homes to extent possible, would require topographic survey to verify building
elevations and flood proofing possible.

* Consider acquisition of 1355 Devon Road

* Regulate

Potential Linkage to Adjacent Sites:

¢ No linkage




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

. Road Private Vehicle Emergency Vehicle Frivala¥ehicle Erpergency Prlvate. . Threat to Direct Direct Combined
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access et e Life Damages | Damages
Facilities to Facilities Access
27 0.0 0.0 0.0 0.0 0.0 0.0 50.0 32.0 16.0 98.0




Table 4
Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event | Scale Category| (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
Evaluation Scale Measure Weight Elevation Flood Elevations (m) Road Flooding Depth (m} Flow Velacitles (m/s) Storm Event Frequency Modifiers Criteria Not Met |Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) {m) 2 5 10 25 50 | 100 | Reg | 2 5 10 | 25 50 | 100 | Reg | 2 5 10 | 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg (2-100, Reg) (0.4-50) (1-10) Significance
27 Design Flood Criteria Collector 8 90.80 89.0)189.1 893|894 )|898|901|900| 00| 00| 00]|oo|oo|oo|oo]oo|oo]oo]|]o0o| 00| 00] 00 1 04 | 02 | 0.08|0.04|0.02] 0.01 None 0.0 2 0
27 Private Vehicle Level 3 Road/ 100-Regional 6 90.80 89.0189.11893|894)|898|901|900) 00| 00| 00|00]O00|O00|0O0O]|]00|O0O0O]00] 00| 00| 00| 00 1 04 | 02 (008|004]002]|001 None 0.0 5 0
27 Emergency Vehicle Level 3 Road/ 100-Regional 6 90.80 89.0]89.11893|894|898]|901|9.0)00|00|00|00]00] 00| 00| 00| 00| 00| 00] 00| 00| 00 1 04 | 02 | 0.08]| 0.04|0.02| 0.01 None 0.0 6 0
27 Private Vehicle Acess to Facilities No 0 90.80 89.0]189.1|893|894|898|901|90|00|00]|]00]|00|00]o0o0|00]00|o00] 00| 00| 00| o00] 00 1 04 | 02 | 0.08| 0.04 | 0.02] 0.01 None 0.0 3 0
27 Emergency Vehicle Access to Facilities No 0 90.80 89.0189.11893|6894|898|901|900] 00| 00|o00|00o|00]o0o|o0o]|oo|o0o]|]o00]o00o]|]oo]| o00] oo 1 04 | 02 |0.08|0.04]002]0.01 None 0.0 7 0
27 Private Vehicle Driveway Access (Multiuser) NA 0 90.80 89.0891)893[894]|898]901[/9.0| 00|00 fJo0]oo]oo]|]oo|loo]oo]|]oo]oo]|oo]|oo| oo] oo 1 04 | 02 |0.08]004]0.02] 0.01 None 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)

2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Griteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event fiooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance



Table §

Threal to Lite Flood Criteria Eval
Site Dawnstrenm Flocd Elavations (m) Residantial Units Flooded (1) Industrial Area {ha) Commerclal Araa (ha) institutional (ha) EandiUse 2‘:’,‘3:::’)5 (G Poopls Endangered Storm Event Froquency Modiliers soalta
Hormalisd Evaluation ; Calegory
No. ol Peapla Saaln mportancot
Using Storm Mensire | Significance (1-10) | Product
Site No 2 5 10 2 50 100 Reg 2 5 10 % % 100 Reg i 6 (10 ] 25|50 [100 Rag| 2 | 5 | W0 |25 ) %0 100 |Reg| 2 | 5 |10 | 25 | 50 [ 100 | Rog|Res| tnd [Com| tnatht | 2 | 5 [ 10 | 25 | 50 [100 |Reg| 2 | 5 [ 10| 25 | 50 | 100 | Rey Malllplises Wolqa‘-:::wlh”g-;-vu:-:‘-:m
- Cay and Nig
Usaga)
27 R 8945 8965 8085 w0 5013 0,09 3 2 a i 6 ? 5 0 olalJo|lo|olo]lo|loe|lo|le|o|o|o|o|alo]lo|lo|lo|o]|s| u|s 40 9|8 |8 |s2|w|a|®|s|2[w|a]z]| |0 1722 5 10

Evaluation Process
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm
6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance



Finished B L Downstream | Upstream 2 'lmerpolate:
IE:S © a;lemen Lowesl 2-100/ Reg 100/ Reg . Distance from roperty  2- Building D Basement First Floor Sumrnarized
Building No oolr 00‘r Opening Flood Flood Secllon Downslream 100/ Reg Flood Depth amage Flooding Flooding Frequency Darnage
Elevation Elevation . R Distance . Flood Costs {$)
{m) Elevations Elevations Seclion 3 {m) (Yes/ Na) {Yes/ No) Costs (5}
(m) (m) Elevations
(m) (m) (m)

1347 Devon H 91.2 888 90.6 90.01 9078 60 30 90.40 -100.00 $0.0Q| o Q Reg $109,634 43

1347 Devon H 912 888 90.6 90.09 90.86 60 30 9048 -100 00 $0.0a 0 ¢ 100 $137.568.49

1347 Devon H 912 88.8 90.6! 89.78 9051 6d 30 90 15 -100.00 $0.0G 0 [¥] 50 $113,092.31

1347 Devon H 91.2 88.8 906 90 13 90.91 60 30 90 52 -100 00 $0.00 0 [ 25 $75,39193

1347 Devon H 91.2 88.8 90.6 89 64 90.36 60 30 90.00 -100.00 $0.00 0 a 10 $52,338.87

1347 Devon H 91.2 88.8 90.6 90 90.76 60 30 90.38 -100.00) $0.00 0 0 5 $31,848.61

1347 Devon H a12 88.8 20.6 8943 90.22 60 30 89.85 -100.00/ $0.00 0 1] 2 $49,49143
1351 Devon H 90.7 88.3 90.1 90.09 909 50 10 8025 016| $16,272.37 1 Q
1351 Devon H 90.7 883 9801 9013 390.94 50 10 90.29 020f $16,76103 1 0
1351 Devon H 907 883 901 90 90.78 50 10 90.16 0.07| $15,156.92 1 o]
1351 Devon H 90.7 883 901 89,85/ 90.61 50 10 20,00/ -100.00 $0.00 Q 0
1351 Devon H 90.7 883 901 89.65 90.36 50 10 89.79 -100.00 $0.00 0 0
1351 Devon H 907 88.3 901 89.45 9019 50 10 89 60 =100.00 $0.00 0 0
1351 Devon H 90.7 88.3 90.1 89.32 90.01 50, 10 89.46 -100.00 $0.00 0 Q
1355 Devo?a 902 878 Bo6 90.09 90.9 50 25 90.50 090 $28,192.77 1 1
1355 Devon 90.2 878 B9.6 9013 80.94 50 25 90,54 094 $29,039 40 1 1
1355 Devon H 902 87 8 896/ 90 90.78 50 25 90.39 0.80| $26,085 95 1 1
1355 Devon H 902 87.8 BAG 89856 90.61 50 25 90.23 064 $23,174.33 1 1
1355 Devon H 902 87.8 B9E 89.65 90.36 50 25 8001 041 $19,621.24 1 7]
1365 Devon 90.2 8748 896 89.45 90,19 50 25 Bo.g2 0.23| $17,111.80 1 0
1355 Devon H 90.2 878 89.6 80.32 90.01 a0 25 B89.67] 0.07| $15,258.16 1 [¢]
1372 Devon H 914 83.0 908 90.09 909 50 31 90,59 -100.00 $0.00 [¢] 0
1372 Devon H 914 89.0 90.8 9013 90.94 50 31 90.63 -100.00 $0.00 [¢] [¢]
1372 Devon H 914 89.0 90.8 90 90.78 50 31 90.48 -100.00| $0.00 a 0
1372 Devon H 91.4 89.0/ 90.8] 89.85 90.61 50 31 90.32 -100.00 $0.00: a 0
1372 Devon H 914 89.0 80.8 89.65 90.36 50 31 90.09 -100.00 $0.00 a g
1372 Devon 4 914 89.0 90.8 89.45 90.19 50 31 89.0 -100.00 $0.00 L] 0
1372 Devon H 914 89.0 50.8 89 32 90.01 50 H BA.75) -100.00 $0.00 [¢] 1]
396 Ash Rd 91.5 891 90.9 90.9 91 18 30 12 9101 012 $15,797.95 1 0]
396 Ash Rd 915 89.1 909 90.94 9143 30 12 8114 025| $17,316.52 1 [¢]
396 Ash Rd 91.5 89.1 809 90.78 91.36 30 12 1.0 0.12| $15,797 95 1 0
396 Ash Rd 915 891 90.9 90.61 91.26 30 12 8087 =100.00 $0.00 4] 0
396 Ash Rd 91.5 89.1 909 90.36 91.08 30 12 50.65 +100.00, $0.00 0 0
396 Ash Rd 915 89.1 90.9 90.19 90.85 30 12 90.45 -100 00 $0.00 g 0
396 Ash Rd 915 89.1 0.8 90.01 90.7) 30 12 §0.29 -100.0¢ $0.00 0 0
402 Ash Rd 91.5 89.1 809 91.18 9118 1 1 91.18 0.29| $17,888.36 1 0
402 Ash Rd 91.5 891 809 9143 9143 1 1 9143 054| $21,521.99 1 4]
402 Ash Rd 91.5 89.1 909 91.36 91.36 1 1 91.36/ 047| $20,435.96 1 ¢]
402 Ash Rd 915 89.1 809 91.26 91.26 1 1 91.26 0.37| $18,978.87 1 0
402 Ash Rd 915 89.1 90.9 91.08 91.08 1 1 9108 0.19| $16,612.91 1 Q
402 Ash Rd 91.5 891 309 90.85 90.85 1 1 90.85 -100.00 $0.00 0] a
402 Ash Rd 91.5 89.1 80.9 90.7 907 1 1 80.70 -100.00 $0.00 0 1]
1356 Amber 92 896 91.4 291.18 9118 1 1 9118 =100.00 $0.00 o] 0
1356 Amber @ 92 89.6 914 91.43 91 43 1 1 91.43 0.04| $14,868.20 1 0
1356 Amber 92 89.6 94 91.36 91 36 1 1 91.36 -100.00 $0.00 4] 0
1356 Amber {J 2 89.6 914 91.26 91.26 1 1 91.26 -100.00 $0.00| 0 Q)
1356 Amber G 92 896 914 91.08 91.08 1 1 91.08 +100.00 $0.00 0 1}
1356 Amber (J 92 89.6 91.4 90.85 90.85 1 1 20.85 -100.00 $0.00 0 0
1356 Amber 92 89.6 91.4 207 80.7 1 i 90.70 -100.00 $0.00 Q 2
1357 Amber (] 934 90.9 927, 92.88 92.95 30 4 92.89 020 $16,728 00 1 0
1357 Amber g 93.3 904 927 93.13 93.23 30 4 23 14 0.45| $20,185.56 1 0
1357 Amber 933 90.9 927 93.04 93.13 30 4 93.05 0.36| $18,866,69 1 0
1357 Amber 93.3 90.9 927 92.95 93.03 30 4 92,96 027| $17,634.36 1 0
1357 Amber {J 933 90.9) 927 92.83 92 89 30 4 9284 0.15| $16,104.72 1 o
1357 Amber @ 933 90.9| 927 92.71 9277 30 4 82.72 0.03| $14,736.81 1 0
1357 Amber (J 933 90.9 927 93.01 93.03 30 4 93.01 0.32] $18,325.87 1 0
1365 Amber (J 935 911 929 9288 92.95 30 17 92.92 0.03] $14,754.99 1 0
1365 Amber {J 93.5 911 929 9313 93.23 30 17 9319 0.30| $17,976.79 1 0
1365 Amber (j 935 911 92.9 93.04 9313 30 17 93.09 0.20| $16,748.63 1 0
1365 Amber {J 935 911 a29 92.95 9303 30 17 93.00 0.10| $15,604.39 1 1]
1365 Amber {J 935 911 929 92 83 92.89 30 17 &2 86 -100.00 $0.00 1] 0
1365 Amber {4 93.5 911 229 92.71 9277 30 17 9274 -100.00 $0.00 o 0
1365 Amber { 93.5 911 92 9| 93.01 93.03 30 17 93.02 013 $15.907.40 1 0
Reg 6 1
100 7 1
50 6 1
25 4 1
10 3 0
5 2 0
2 3 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endangerment



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Basement Residential Industrial Commercial Commercial Institutional Institutional el Average Annual ';':Seossr;;‘rmg‘r':; Measure Category
Site | Event | WSEL |Homes Flooding FiFSEFIog Damage Value industrisiiAres Damage Value Area Damage Value Area Damage Value Direci; Damage Pamages 2007 Diret;t Weight Irppc?r_tance/
alue Direct Damages Damages Significance | Product

(Yr) [ (m) | (No.) (No.) (No.) ($) (ha) ) (ha) ($) (ha) ® ($) (%) ) (1-10) (1-10)
2 92.69 3 3 0 $49,491 0 0 0 0 0 0 $49,491
5 93.00 2 2 0 $31,849 0 0 0 0 0 0 $31,849
10 93.51 3 3 0 $52,339 9} 0 0 0 0 0 $52,339

27 25 93.64 4 4 1 $75,392 0 0 0 0 0 0 $75,392 $24,645 $449,918 8 8 32
50 93.69 6 6 1 $113,092 0 0 0 0 0 0 $113,092
100 93.74 7 7 1 $137,668 0 0 0 0 [4] 0 $137,668
Reg 93.61 6 6 1 $109,634 0 0 0 0 0 0 $109,634
lndire;l:-? It:almage AIJU::aggeegggg‘?l Trse?ssgta:,g;? Meagure In?:ct)ftga(:lrge/
Value Indirect Damages D:ﬂ;;‘:s Weight Significance | Product

Evaluation Process ($) (%) ) (1-10) (1-10)
$7,424
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) §4,777
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) $7,851

related to whether building is subjected to flooding or not $11,309 $3.697 $67,498 4 4 16

3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $16,954
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $20,650
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% $16.445

for Direct and Indirect Damages (for information purposes only)

6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages




Finished | Basement Lowest | Downstream  2-100/ Interpolated Property 2. Summarized
Building Floor Floor i Upstream  2-100/ Reg . . Distance from Building Flood Basement Flooding First Floor Flooding Costs
No. | Eievation | Elevation | OPENng | Reg Flood 1 "Fiood Elevations (m) | SectionDistance | o o ream Section | 100/ Reg ed Depth (m) Damage Costs () (Yes/ No) (Yes/ No) Frequency Damage Cos
(m) (m) {m) Elevations (m) Elevations (m) ($)

1347 Devrj 91.2 88.8 80.6 90.01 90.78 60 30 90.40 -100.00 $0.00 (] 0 Reg $109,634.43

1347 Devqy 91.2 88.8 90.6 90.09 90.86 60 30 90.48 -100.00| $0.00 (1] o 100 $137,668.49

1347 Devd 91.2 88.8 906 89.78 90.51 60 30 90.156 -100.00 $0.00 0 v] 50 $113,092.31

1347 Devq 91.2 88.8 90.6 90.13 90.91 60 30 90.52 -100.00 $0.00 0 0 25 $75,391.93

1347 Devd| 91.2 88.8 90.6 89.64 90.36 60 30 90.00 -100.00 $0.00 0 0 10 $52,338.87

1347 Devqg 91.2 88.8 90.6 90 90.76 60 30 90.38 -100.00 $0.00 0 o 5 $31,848.61

1347 Devd 91.2 88.8 90.6 89.48 90.22 60 30 89.85 -100.00 $0.00 0 0 2 $49,491.43
1351 Devd 90.7 88.3 90.1 90.09 90.9 50 10 8025 0.16 $16,272.37 1 0
1351 Devy 90.7 88.3 901 90.13 90.94 50 10 80.29 0.20 $16,761.03 1 0
1351 Devq 907 88.3 90.1 90 90.78 50 10 9016 0.07 $15,156.92 1 0
1351 Devd 90.7 88.3 90.1 89.85 90.61 50 10 90,00 -100.00 $0.00 0] o
1351 Devqg 90.7 88.3 90.1 89.65 90.36 50 10 88.79 -100.00 $0.00 0 0
1351 Devqg 90.7 88.3 90.1 89.45 90.19 50 10 82.60 -100.00 $0.00 0 0
1351 Devd 90.7 88.3 90.1 89.32 90.01 50 10 8946 -100.00 $0.00 0 0
1355 Devy 90.2 87.8 89.6 90.09 90.9 50 25 90.50 0.90 $28,192.77 1 1
1355 Devd 90.2 87.8 89.6 90.13 90.94 50 25 90.54 0.94 $29,039.40 1 1
1355 Devd 90.2 87.8 80.6 90 90.78 50 25 90.39 0.80 $26,085.95 1 1
1355 Devq 90.2 87.8 89.6 89.85 90.61 50 25 90.23 0.64 $23,174.33 1 1
1355 Devdl 90.2 87.8 89.6 89.65 90.36 50 25 90.01 0.41 $19,621.24 1 0
1355 Devd 90.2 87.8 89.6 89.45 90.19 50 25 89.82 0.23 $17,111.80 1 0
1355 Devdg 90.2 87.8 89.6 89.32 90.01 50 25 89,67 0.07 $15,258.16 1 0
1372 Devd 91.4 89.0 80.8 90.09 90.9 50 31 90.59 =100.00 $0.00 a 0
1372 Devd 91.4 89.0; 908 90.13 90.94 50 31 90.63 -100.00 $0.00 ] Q
1372 Devd 914 89.0 90.8 90 90.78 50 31 9048 =100.00 $0.00 0 0
1372 Devd 914 89.0 90.8 89.85 90.61 50 31 90.32 -100.00 $0.00 0 0
1372 Devd 914 89.0 go8 89.65 90.36 50 31 90.09 -100.00 $0.00 (4} a
1372 Devd] 91.4 89.0 a0.8 89.45 90.19 50 31 83.91 -100.00 $0,00 0 e}
1372 Devd 914 89.0 908 89.32 90.01 50 31 B89.75 -100.00 $0.00 0 0
396 Ash R 91.5 89.1 809 90.9 91.18 30 12 a1.m 0.12 $15,797.95 1 [}
396 Ash R 91.5 89.1 90.9 90.94 91.43 30 12 91.14 025 $17,315.52 1 0
396 Ash R 91.58 89.1 209 90.78 91.36 30 12 91.0 0.12 $15,797.95 1 Q
396 Ash R 91.5 89.1 20.9 90.61 91.26 30 12 90.87 -100.00 $0.00 0 0
396 Ash Ri 91.5 89.1 90.9 90.36 91.08 30 12 90.65 -100.00 $0.00 [} 0
396 Ash Ri 91.56 89.1 80.9 90.19 90.85 30 12 90.45 -100.00 $0.00 0 [t}
396 Ash Ri 91.8 83.1 90.9 90.01 90.7 30 12 50.29 -100.00 $0.00 0 ¢
402 Ash Ri 91.5 89.1 80.9 91,18 91.18 1 1 91.18 0.29 $17,888.36 1 0
402 Ash R 91.5 89.1 209 91.43 91.43 1 1 91.43 0.54 $21,521,99 1 0
402 Ash R 91.5 89.1 90.9 91.36 91.36 1 1 91,36 047 $20,435.96 1 0
402 Ash R 91.5 89.1 80.9 91.26 91.26 1 1 91.26 0.37 $18,978.87 1 0
402 Ash R 91.5 89.1 90.9 91.08 91.086 1 1 91.08 0.19 $16,612.91 1 0
402 Ash R 91.5 89.1 0.9 90.85 90.85 1 1 50.85 -100.00 $0.00 [0} 0
402 Ash R 91.5 89.1 20.9 90.7 90.7 1 1 90.70 -100.00 $0.00 0 0
1356 Amb 92 89.6 914 91.18 91,18 1 1 91.18 -100.00 $0.00, 0 0
1356 Amb 92 89.6 914 91.43 91.43 1 1 91.43 0.04 $14,868.20 1 4]
1356 Ambi 92 89.5 814 91.36 91.36 1 1 91.36 -100.00 $0.00 0 (¢}
1356 Amb 9z 89.6 214 91.26 91.26 1 1 91.26 -100.00 $0.00 0 0
1356 Amb#¢ 92 89.6 914 91.08 91.08 1 1 91.08 -100.00 $0.00 0 ]
1356 Amb 92 89.6 91.4 90.85 90.85 1 1 460.85 -100.00 $0.00 0 0
1356 Amb 92 89.6 a91.4 90.7 90.7 1 1 90.70] -100.00 $0.00 ¢} 0
1357 Ambs 93.3 90.9 927 92.88 92.95| 30 4 92.89 0.20 $16,728.00 1 0
1357 Amb 93.3 90.9 827 93.13 93.23 30 4 93,14 0.45 $20,185.56 1 0
1357 Amb 93.3 90.9 827 93.04 93.13 30 4 93.05 0.36 $18,866.89 1 0
1357 Amb 93.3 90.9 92.7 92.95 93.03 30 4 92.96 0.27 $17,634.36 1 0
1357 Amb 93.3 90.9 92.7 92.83 92.89 30 4 92.84 0.16 $16,104.72 1 0
1357 Amb 93.3 90.9 827 92.71 92.77 30 4 9272 0.08 $14,736.81 1 0
1357 Amb 93.3 90.9 92.7 93.01 93.03 30 4 83.01 0.32 $18,325.87 1 0
1365 Amb 935 911 929 92.88 92.95 30 17 92.92 0.03 $14,754.99 1 0
1365 Amby{ 93.5 91.1 929 93,13 93.23 30 17 83.19 0.30 $17,976.79 1 6]
1365 Amb 93.5 91.1 929 93.04 93.13 30 17 83.09 0.20 $16,748.63 1 ¢]
1365 Amb 93.5 91.1 929 92.95 93.03 30 17 93.00 0.10 $15,604.39 1 a
1365 Amb 93.5 911 929 92.83 92.89 30 17 92.86 -100.00 $0.00 0 0
1365 Amb 935 91.1 929 92,71 92.77 30 17 82.74 -100.00 $0.00 0 0
1365 Ambi 93.5 91.1 92.9 93.01 93.03 30 17 93.02 0.13 $15,907.40 1 0
Reg 6 1
100 7 1
50 6 1
25 4 1
10 3 0
5 2 0
2 3 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential lal
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine flooding damages for each return period based on the flooding depths and damage curve equations
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Site #30 (WEDG0634M) Implementation Program

Recommended Management Approach/Project Scope:
* Flood proofing of homes not flooded on all sides

Appropriate Lead for Undertaking:

° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

e Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

Approval Requirements:

° Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and

Watercourse Permit

Need for, and Scope of Follow-Up Assessment/Analysis:

° Detailed topographic survey of area

° Hydraulic modeling refinement

e Approval process with private land owners

Suggested Timing, Need for Phasing:

° Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

° Private land owners consent to proposed flood proofing

Possible Monitoring Requirements:

° N/A

Need for Maintenance:

o N/A

Potential Interface with Other Town/Agency Programs:

e To be discussed/ determined with the Town of Oakville and Conservation Halton

° Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects already identified by Conservation Halton

Other Funding Opportunities:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Others




Site #30 (WEDG0634M) Specific Flood Management Alternative Assessment

Data/ Information:
Flooding mechanisms:

*  Wedgewood Drive crossing 4.0 m by 1.7 m arch
* Floodplain capacity is less than the 5 year storm @ 7.70 m®/s. Regional is 47.90 m%/s

Screened Alternatives:

* Crossing upgrades based on land availability do not result in significant hydraulic
improvements

* Floodplain/channel upgrades — not practical due to private property issues and natural
vegetation

* Flood-proofing — practical for 3 out of 5 homes

* Acquisition — 4 homes (costly)

* Regulate

Preferred Management Approach:

* Flood-proof for homes not flooded on all sides; topographic survey required to verify
building elevations and flood proofing possible.
* Regulate

Potential Linkage to Adjacent Sites:

*  Site 31




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

. Road Private Vehicle Emergency Vehicle FHVAIEERicle Erpergency Prlvate.MuItl- Threat to Direct Indirect embined
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access crere - Life Damages | Damages
Facilities to Facilities Access
30 0.2 4.0 1.3 0.1 2.8 1.3 40.0 64.0 32.0 145.6




Table 4
Road Flooding Flood Criteria Evaluation

Evaiuation Product
Road/ Storm Event Storm Event | Scale Category| (peasure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
) Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s) Storm Event Frequency Modifiers Criteria Not Met |Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) (m) 2 5 10 | 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg (2-100, Reg) (0.4-50) (1-10) Significance
30 Design Flood Criteria Arterial 10 82.40 826|827 |828)|828(829|829|830| 00| 03|04 04| 05| 05|06 00|07]|08]09]|10]|10] 1.1 1 04 | 02 | 008|004 | 0.02]| 0.01 | Arlerial / 1:100 - Reg 0.01 2 0.16
30 Private Vehicle EMS Route 10 82.40 826|827 |828|828(829|829|830) 00| 03| 04| 04]|]05]|05]|06]00|07|08]09]|10]10] 1.1 1 04 | 02 1008|004 002]| 001 25-yr 01 5 4
30 Emergency Vehicle EMS Route 10 82.40 826)827|828|828829|629|830|] 00| 03|04 04]|05]05|06]00]|07|08|09]|10]10] 1.1 1 04 | 02 |008]| 0.04]|002] 001 None 0.0 6 0
30 Private Vehicle Acess to Facilities Partial 5 82,40 826827 |828|828]829|829|830| 00| 03| 04| 0405|005 06]|00)]07|08|09]10]10] 1.1 1 04 | 02 | 0.08| 0.04 | 0.02] 0.01 | Arlerial / 1:100 - Reg 0.01 3 012
30 Emergency Vehicle Access to Facilities No 5 82,40 8261827 |828|828|8291829|830| 00| 03| 04| 04]|05]|]05|06]00]07|08]09]10]1.0] 1.1 1 04 | 02 | 008|004 | 0.02] 001 25-yr 01 7 28
30 Private Vehicle Driveway Access (Multiuser) Low Vehicle Usage 4 82.40 826 |1827]1828|828|829(1829|830]| 00| 03]04]04]05]05]|06]00]07|08]09]10]10] 1.1 1 04 | 02 ]| 0.08]| 004 ] 0.02] 0.01 25-yr 0.1 4 1.28

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)

2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance



Table 5

Threat to Life Flood Crileria Evaluation

Site Downstream Flood Elevalions (m) Resldential Untts Flooded (¥) Industrial Arca (ha) Commerclal Arca (ha) Institutional (ha) Land Use De'/‘::;;s {pers/ha of Peaple Endangered Storm Event Fraquency Modifiers i
Normalized | Evaluation Calegory

No, of Scale Importance/

People Using|  Measure | Significance {(1-10) | Product
Site No 2 5 10 25 50 100 Reg 2 5 10 25 50 100 Reg 2 5 | 10| 25 | 50 |100|Reg| 2 | 5 | 10 ]| 25 | 50 | 100 | Reg| 2 S | 10| 25 | 50 | 100 | Reg | Res [ fnd [Com| Instt | 2 | 5 | 10 | 25 | 50 | 100 |Reg| 2 | & | 10 | 25 | 50 | 100 | Reg | Storm | Waelghting (1| (7 - Day Usage)
Multipliers 10) {10 - Day and Night
Usage)
30 8257 8263 82 66 8276 B2 92 8303 B3N ] 2 3 4 B 6 7 o 0 o o 0 o o o [ 4] 0 0 4] o 0 [ ] Q o o o 3 125 90 40 3 8 g 12 18 18 21 50 20 10 4 2 1 04 4704 4 10 40

Evaluation Process
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




- Downstream |Upstream 2 . Interpolated R
Finished e Lowest 2-100/ Reg 100/ Reg . Distance | Property 2- Building Damage Basement First Floor pummarized
Building N g0t i Openin Flood Flood gl from 1007Reg | £10g Depth | Costs Floodin Floodin Frequency | Damage
g No . ) pening 00! 00! . 00 p 0S g g q y
Elevation Elevation . . Distance | Downstream Flood Costs
(m) Elevations Elevations X . {m) $) {Yes/ No) (Yes/ No)
(m) (m) Section Elevations ($)
(m) (m) )

200 Wedgewtd 83.4 81.0 82.8 83.11 83.69 50 6 83.18 0.39| $19,256.03 1 4] Reg $146,459,73

200 Wedgew] 834 81.0 82,8 83.03 83.61 50 6 83.10 0.31] $18,149.59 1 0 100 $125,392.87

200 Wedgews 83.4 81.0 82.8 82.92 83.49 50 6 82.99 0.20| $16,716.45 1 0 50 $115,138.39

200 Wedgew! 83.4 81.0 82.8 82.76 83.35 50 6 82.83 0.04| $14,877.01 1 0 25  $77,175.09

200 Wedgew] 83.4 81.0 82.8 82.66 83.11 50 6 82.71 -100.00 $0.00 0 [0} 10 $54,628.34

200 Wedgewd 834 81.0. 82.8 82.63 82.96 50 6 82.67 -100.00 $0.00 1] [0} 5 $36,177.07

200 Wedgewd 83.4 81.0. 82.8 82.57 82.81 50 3] 82.60 -100.00 $0.00 0 0 2  §$18,154.96

208 Wedgewi] 83.3 80.9 82.7 83.11 B83.69 50 5 83.17 0.48| $20,557.25 1 0 TOTAL= $573,126.46
208 Wedgewd 83.3 80.9 82.7 83.03 83.61 50 5 83.09 0.40| $19,376.05 1 0
208 Wedgewr 83.3 80.9 82.7 82.92 83.49 50/ 5 82.98 029 $17,848.70 1 0
208 Wedgewd 833 80.9 82.7 82.76 83.35 50 5 gz2.82 0.13| $15,879.97 1 0
208 Wedgew 83.3 80.9 82.7 82.66 83.11 50 5 8271 001| $14,595.78 1 0
208 Wedgewd 83.3 80.9 82.7 82.63 82.96 50 5 82.66 -100.00 $0.00 0 ¥]
208 Wedgew: 83.3 80.9 82.7 82.57 82.81 50 5 82.59 -100.00 $0.00 0 4]
216 Wedgewq 84.3 81.9 83.7 83.69 83.76 50 8 83.70 0.01| $14,554.81 1 a
216 Wedgewt] 84.3 81.9 83.7 83.61 83.68 50 8 83.62 -100.00 $0.00 4] (1}
216 Wedgew 84.3 81.9 83.7] 83.49 83.56 50 8 83.50 -100.00 $0.00 0 0
216 Wedgewi| 84.3 8149 83.7 83.35 83.43 50 B 83.36 -100.00 $0.00 0 0
216 Wedgewd 84.3 81.9 83.7 83.11 83.2 50 B8 8312 -100.00 $0.00 0 0
216 Wedgewd 84.3 81.9 B8a.7 82.96 83.05 50 8 82.97 -100.00 $0.00 0 0
216 Wedgewd 84.3 81.9 83.7 82.81 82.9 50 8 82.82 -100.00 $0.00 0 0
230 Alscot Dr 832 80.8 826 83.76 83.76 1 1 83.76 117| $34,297.96 1 1
230 Alscot Dr 83.2 80.8 826 83.68 83.68 1 1 83.68 1.09| $32,327.23 1 1
230 Alscot Dr 83.2 80.8 826 83.56 83.56 1 1 83.56 0.97| $29,581.41 1 1
230 Alscot Dr 83.2 80.8 B28 83.43 83.43 1 1 83.43 0.84| $26,869.32 1 1
230 Alscot Dr 83.2 80.8 826 83.2 83.2 1 1 83.20 0.61| $22,665.73 1 1
230 Alscot Dr 83.2 80.8 82.6 83.05 83.05 1 1 83.05 0.46| $20,285.35 1 0
230 Alscot Dr 83.2 80.8 826 82.9 82.9 1 1 82.90 0.31| $18,154.96 1 0
236 Alscot Dr 84.1 81.7 835 837 83.7 1 1 83.70 0.21| $16,860.51 1 0
236 Alscot Dr 84.1 81.7 B35 83.62 83.62 1 1 8362 0.13| $15,891,72 1 0
236 Alscot Dr 84.1 81.7 835 83.51 83.51 1 1 B83.51 0.02| $14,649.86 1 0
236 Alscot Dr 84.1 81.7 83.5 83.38 83.38 1 1 83.38 -100.00 $0.00 0 0
236 Alscot Dr 84.1 81.7 B83.5 83.15 83.15 1 1 83.15 -100.00 $0.00 0 0
236 Alscot Dr 84.1 81.7 83.5 83.02 83.02 1 1 83.02 -100.00 $0,00 (¢} 0
236 Alscot Dr 84.1 81.7 83.5 82.86 82.86 1 1 82.86 -100.00 $0.00 0 0
244 Alscot Dr| 84.3 81.9 83.7 84.36 84.36 1 1 84.36 0.67| $23,694.34 1 1
244 Alscot Dr 84.3 81.9 83.7 84.35 84.35 1 1 84.35 0.66| $23,519.71 1 1
244 Alscot Dr 84.3 81.9 83.7 84.22 84.22 1 1 84 22 0.53| $21,363.37 1 0
244 Alscot Dr 84.3 81.9 83.7 84.1 84.1 1 1 84.10 0.41| $19,548.80 1 0
244 Alscot Dr 84.3 81.9 83.7 83.94 83.94 1 1 83.94 0.25| $17,366,83 1 0
244 Alscot Dr 84.3 81.9 83.7 83.82 83.82 1 1 83.82 0.13| $15,891.72 1 0
244 Alscot Dr 84.3 81.9 83.7 83.67 83.67 1 1 B83.67 -100.00 $0.00 0 0
241 Trelawn 4 85.3 829 84.7 84.93 84.93 1 1 84.93 0.24| $17,238.84 1 0
241 Trelawn A 85.3 82.9 84.7 84.84 84.84 1 1 B84.84 0.15| $16,128.57 1 0
241 Trelawn 4 85.3 82.9 84.7 84.74 84.74 1 1 B4.74 0.05| $14,978.59 1 (4]
241 Trelawn A4 85.3 82.9 84.7 84.62 84.62 1 1 84.62 -100.00 $0.00 0 0
241 Trelawn 4 85.3 82.9 84.7 84.44 84.44 1 1 B4.44 -100.00 $0.00 0 0
241 Trelawn 4 85.3 82.9 84.7 84.3 84.3 1 1 84.30 -100.00 $0.00 0 0
241 Trelawn 85.3 82.9 84.7 84.14 84.14 1 1 84.14 -100.00 $0.00 0 0
Reg 7 2
100 6 2
50 6 1
25 4 1
10 3 1
5 2 0
2 1 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endan;



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Basement Residential Industrial | © o ial | Instiutional | Institutional Tatel ArecugeAunual I:r:os:'grv:;? Measure | Cotegory
Site | Evenl | WSEL [Homes First Floor ; Industrial Area = s Direct Damage Damages 2007 e Importance/
Floading Damage Value Damage Value Arca Damage Valua Area Damage Value Value Direct Damages Direct Weight Significance | Product
Damages
(Yn | (m | (No) (No.) (No.) {s) (ha) (s) (ha) s) (ha) (s) (s) (s) (s) (1-10) (1-10)
2 268 vl 7 1 583228 0 a o 1] 0 o 583726
5 0200 7T >} 2 S120.582 a a o o ] o 5120582
il 351 7 il 2 130,458 o 1] o -] 0 o 5130486
2 25 a6t 7 ? 2 S164,761 a 0 o 0 0 0 5184761 58457 $1,085.451 L 8 &
0 8368 [ ) 4 5182122 ] ] o o o i 518122
100 374 & & ] 5198 400 o o o Q o o S1e@.400
H_iu 9381 4 4 6 :Ecgfm ] 0 0 0 i) ] 5208, B50
Total Average Annual resertvay Category
( 50 Year, 5%) | Measure
Indirect Damage Damages 2007 Indiest Welaht Importance/
- Value Indirect Damages s g Significance | Freduct
Evaluation Process (s) (s) () (1-10) (1-10)
512,404
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) 518,087
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) s10.575
related to whether building is subjected to flooding or not 20714 8818 sie2818 2 4 =
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) 527,318
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages 29761
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% s31,33:
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
Firushed | Basement .
" Lowesl | D b 2-100/ 9 Int, lated Properly 2 - " N . S ed
N | et et O | g ™ it |V ENOT| cnionts | o 2mn i | T | Sita oot | comagocons ()| St ot | et - oo ot
200 Wedg B3 11 83 BY| El| [ 8318 o8} 327,464 11 ] 1 Rog 06,889 74
83 0 83.61 50 6| Bx10 074 $25,886 08| 1 1 100 $188,409 06
82 92 83 49| 50, L B2 99 068 $23,842 02 1 1 50 $182,121 59
82 76 83 35 50 1 82483 0,52 $21,218 44| 1 0 25 $164,761 46
82 66 83 11 50 6 g7 0 44 519,462 23 1 Q 10 $130,497 97
8263 8296 50 6| B2 67] 0,34 $18,833 42 1 ] 5 $120,582 23
82 57 8231 50 [} 82 80| Q.25 $17.872.48. 1 0 2 $83,227 97
B3 11 83 63| 50} 5 B3 {7 0% $29,319 Ex)| 1 1 TOTAL= 51,088,480 02
8303 B3 61 50 & $27,635.29 1 1
B2 92, 83 49 50| 5 25,456,940 1 1
82 76| 8335 50| 5 $22,648 97 1 0|
50 5 $20,817.39 1 0]
50| 5 $20,180 59| 1 o
50 5 518,176.43] 1 Q
50 [ $20,758.54] 1 [
50 B $19,566 16 1 a
50 B $17,904.24 1 L]
50, B $16,162.01 1 L]
50| [ 50.00, o (]
501 L] $0 00, 0, 0
50 -] 50 MI Q) (1]
1 |J $43,517 83 1 1
1 1 546,107 08| 1 1
230 Alscol| 1 1 $42,190 79 1 L
230 Alscol| 1 1 538,322 6§ 1 1
230 Alscol| 1 1 532,327.23 1 1
230 Alscol 1 1 $28,932 20 1 1
230 Alscol| il 1 $25.89371 1 1
236 Alscol 1 1 $24,047 47 1 1
236 Alscol 1 1 $22,665 73 1 1
236 Alscol| 1 1 520,894 52 1 0
236 Alscol 1 1 518,978 87 1 0
236 Alscol i 1 516,009,700 ! Q
236 Alscal, 1 1 §14,541.80, 1 0
236 Alscol ! 1 $0.00; 0 0
244 AI:czl 1 1 $33,794 Zsi 1 |
244 Alscol| 1 1 $33,545.24 1 1
244 Alscoll 1 1 $30,469.74 1 L
244 Alscol| 1 1 $27,881.64 1 1
244 Alscol| 1 1 824,769 62| 1 1
244 Alscol| 1 1 522,665 73 1 i
244 Alscol| 1 1 520,285 34 1 Q
241 Trelaw 1 1 524,587 04 1 1
241 Trelaw 1 1 $23,003 54 1 1
241 Trelaw 1 1 $21,363 37 1 a
241 Trelaw 1 1 $19,548 8a 1 a
241 Trelaw 1 1 817,111 80 1 Q
241 Trelaw 1 1 815,428 4¢, 1 a
241 Trelal 1 1 S4 04§ o Qj
Reg 7 &
100 r B
50 7 A
25 T 2
10 6 2
5 B 2
2 4 1

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations
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Site #31 (WEDG0200M) Implementation Program

Recommended Management Approach/Project Scope:
* Regulate — maintain existing conditions

Appropriate Lead for Undertaking:

o N/A

Governing Protocol Legislation:

. Town of Oakville’s Policies and protocols

. Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

Approval Requirements:

o N/A

Need for, and Scope of Follow-Up Assessment/Analysis:

o N/A

Suggested Timing, Need for Phasing:

° N/A

Possible Implementation Issues:

° N/A

Possible Monitoring Requirements:

° N/A

Need for Maintenance:

° Typical creek and crossing maintenance

Potential Interface with Other Town/Agency Programs:

o N/A

Other Funding Opportunities:
o N/A




Site #31 (WEDG0200M) Specific Flood Management Alternative Assessment

Data/ Information:

Flooding mechanisms:

Lakeshore Road East crossing 3.9 m by 1.2 m box culvert

Channel capacity at Lakeshore Road both upstream and downstream
Channel floodplain capacity near Wedgewood Drive

Encroachment

Spill from Wedgewood Drive crossing (Site 30)

Screened Alternatives:

Upgrades to Lakeshore Road East crossing — no affect on flooding of homes located on
Wedgewood Drive

Site 30 potential improvements

Channel/floodplain improvements — not practical due to private property, existing vegetation
and limited hydraulic improvements.

Flood-proofing — not practical as homes are flooded on all sides

Acquisition — 4 homes (costly)

Regulate

Preferred Management Approach:

Regulate

Potential Linkage to Adjacent Sites:

Site 30




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

. Road Private Vehicle Emergency Vehicle Private Vehicle Er.nergency Prlvate.MuItl- Threat to Direct Indirect el
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access e - Life Damages | Damages
Facilities to Facilities Access
31 0.2 1.0 0.5 0.3 1.4 0.5 40.0 16.0 8.0 67.8




Road Flooding Flood Criteria Evaluation

Table 4

Evaluation

Product
Road/ Storm Event Storm Event | Scale Category|  (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
) Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s) Storm Event Frequency Modifiers Criteria Not Met | Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) (m) 2 5 10 25 50 | 100 | Reg | 2 5 10 25 50 | 100 [ Reg | 2 5 10 25 50 | 100 | Reg | 2 5 10 | 25 50 | 100 | Reg (2-100, Req) (0.4-50) (1-10) Significance
31 Design Flood Criteria Arlerial 10 79.90 784 178.2|80.1|802|803|803(804| 00| 00| 02| 03| 04|04)]05]|00|05|07)]08]| 08| 09|09 1 04 | 02 | 0.08 | 0.04| 0.02| 0.01 | Arterial / 1:100 - Reg 0.01 2 02
31 Private Vehicle EMS Route 10 79.90 784 1792|801|802|803|803|804| 00|00 02| 03| 04|04)]05]00|05|07)]|08]| 08| 09|09 1 04 | 02 |0.08] 004 | 002 | 0.01 100-yr 0.02 5 1
31 Emergency Vehicle EMS Route 10 79.90 78.4 (792|801 |802|803|803|804| 00| 00| 02|03]|]04|04|05|00|O05|07|08|08]|09] 08 1 04 | 0.2 | 0.08)] 004|002 | 0.01 None 0.0 6 0
31 Private Vehicle Acess to Facilities Yes 10 79.90 78.4179.2)|80.1|802|803|803(804| 00| 00)02]03)04|04|05|00|05|07|08]| 08| 09]|o09 1 04 | 0.2 | 0.08 | 0.04 | 0.02 [ 0.01 | Arterial/ 1:100 - Reg 0.01 3 0.3
31 Emergency Vehicle Access to Facilities Yes 10 79.90 78.4 | 79.2 | 80.1]|80.2|803|803(804| 00|00)02] 03| 04|04 |05|00|05]|07|08]| 08| 09]o09 1 04 | 02 | 0.08 | 004 | 002|001 100-yr 0.02 7 1.4
31 Private Vehicle Driveway Access (Multiuser) Medium Vehicle Usage 6 79.90 784 | 79.2 | 80.1|802)|803|803|804] 00| 00]02)]03|]04[04J05]00)]05]07|08]| 08| 09]o09 1 04 | 0.2 | 0.08| 004 002] 0.01 100-yr 0.02 4 0.5

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)

2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance




Table §

Threat to Life Fiood Criteria Evaluation
§ . = i Land Use Densities (pers/ ha or ;
Site Downstream Flood Elevations (m Resldenllal Untis Flooded (#} Industrial Area (ha) Commercial Area (ha) Institulional (ha) People Endangered Storm Event Fregquency Modifbirs
( Juntt) Composhie
Nowmalized | Evalualion Category
No. of Scale importance/

Peaple Using| Measure | Signiicance (1-10) | Product

Instit 2 | 5 |10 | 25|50 |to0|Reg| 2 | 5 | 10| 25 | 50 | 100 | Reg | Slorm |Welghting {1:| (7-Day Usage)

Stle No 2 5 10 25 50 100 Reg [ 5 10 25 50 100 Reg 2 5 10 25 50 | 100 | Reg 2 5 10 25 50 100 | Reg 2 5 10 25 50 | 100 | Reg | Res ind | Com
Multiptiers 10) (10 - Day and Night
Usage)
3 7915 7962 8014 8028 80.35 8043 80 45 Q o 2 2 2 3 3 0 0 0 0 o 0 0 Q 0 0 0 0 0 0 o 0 o 0 0 0 0 a 125 50 40 -] ] B 8 8 8 9 50 20 10 4 2 1 04 1086 4 1o 40

Evaluation Process
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




- Downstream [Upstream 2 . asipoRted s ized
Finished | Basement | | cest | 2-100/ Reg | 1007 Reg i Distance | Property 2-| g 4o Damage | Basement | First Floor ‘gnma”ze
Building No Floo_r Floor Opening Flood Flood Sectlon from R Flood Depth Costs Flooding Flooding Frequency amage
Elevation Elevation A N Distance | Downstream Flood Costs
(m) Elevations Elevations . . (m) (%) (Yes/ No) (Yes/ No)
(m) (m) Section Elevations ($)
(m) (m) @)
180 Lakeshor 81.2 78.8 80.6 80.45 80.45 1 1 80.45 -100.00 $0.00 Q Q Reg  $54,819,02
180 Lakeshor 81.2 78.8 80.6 80.41 80.41 1 1 80.41 -100.00 $0.00 a a 100 $52,578.63
180 Lakeshor! 81.2 78.8 80.6 80.35 80.35 1 1 80.35 -100.00 $0.00 0 o] 50 $35,388.00
180 Lakeshor; 81.2 78.8 80.6 80.28 80.28 1 1 80.28 -100.00 $0.00 0 0 25 $33,183.81
180 Lakeshor 812 788 80.6 80.14 80.14 1 1 80.14 -100.00 $0.00, 0 0 10 $30,388.17
180 Lakeshor 81.2 788 80.6 79.62 79.62 1 1 79.62 -100.00 $0,00 0 [#] 5 $0.00
180 Lakeshors 81.2 78.8 80.6 79.15 79.15 1 1 79.15 -100.00 $0.00 0 {1} 2 $0.00
180 Lakeshor 81.3 78.9 80.7 80.45 80.5 40 10 80.46 -100.00 $0.00 4] a TOTAL= $206,357.63
180 Lakeshor 81.3 78.9 80.7 80.41 80.46 40 10 80.42 -100.00 $0.00 e] 0
180 Lakeshor 81.3 78.9 80.7 80.35 80.4 40 10 80.36 -100.00 $0.00 0 0
180 Lakeshor 81.3 78.9 80.7 80.28 80.32 40 10 80.29 -100.00 $0.00 0 0
180 Lakeshor 81.3 78.9 80.7 80.14 80.17 40 10 80.15 -100.00 $0.00 0 0
180 Lakeshor 81.3 78.9 80.7 79.62 79.67 40 10 79.63 -100.00 $0.00 0 0
180 Lakeshor 81.3 78.9 80.7 79.15 79.38 40 10 79.21 -100.00 $0.00 Y] 0
147 Wedgewd 82.5 80.1 81.9 80.5 80.61 50 8 80.52 -100.00 $0.00 0 0
147 Wedgew 82.5 80.1 81.9 80.46 80.57 50 8 80.48 -100.00 $0.00 0 0
147 Wedgew(] 825 80.1 81.9 80.39 80.5 50 8 8041 -100.00 $0.00 0 4]
147 Wedgew 82.5 80.1 81.9 80.31 80.43 50 8 80,33 -100.00 $0.00 0 0
147 Wedgex 82.5 80.1 81.9 80.16 80.3 50 8 80.18 -100.00 $0.00 0 0
147 Wedgewq 82.5 80.1 819 79.72 80.22 50 8 79.80 -100.00 $0.00 0 0
147 Wedgew 82.5 80.1 81.9 79.64 80.12 50 8 79.72 -100.00 $0.00 0 0
151 Wedgew: 824 80.0 81.8 80.61 81.4 40 7 B80.75 -100.00 $0.00 0 0
151 Wedgew 82.4 80.0 81.8 80.57 81.35 40 7 80.71 -100.00 $0.00| Q 0
151 Wedgew 82.4 80.0 81.8 80.5 81.29 40 7 B80.64 -100.00 $0.00 0 0
151 Wedgew 82.4 80.0 81.8 80.43 81.23 40 1 B80.57 -100.00 $0,00 0 0
151 Wedgewy 824 80.0 81.8 80.3 81.12 40 7 80.44 -100.00 $0.00 0 0
151 Wedgew 82.4 80.0 81.8 80.22 81.04 40! 7 80.36 -100.00 $0,00 0 [¢]
151 Wedgewy 82.4 80.0 81.8 80.12 80.95 40| 7 B80.27 -100.00 $0.00 0 4]
159 Wedgewdq 81.9 79.5 81.3 81.4 81.4 1 1 81.40 0.11f $15,658.34 1 0
159 Wedgewq 81.9 79.5 B81.3 81.35 81.35 1 81.35 0.06] $15,089.80 1 0
159 Wedgew] 81.9 79.5 813 81.29 81,29 1 1 81.29 -100.00 $0.00 0 0
159 Wedgew: 81.9 79.5 81.3 81.23 81.23 1 1 81.23 -100.00 $0.00 o 0
159 Wedgew( 81.9 79.5 81.3 81.12 81.12 1 1 81.12 -100.00 $0.00 0 0
159 Wedgewq 81.9 79.5 81.3 81.04 81.04 1 1 81.04 -100.00 $0.00| 0 0
159 Wedgew( 81.9 79.5 81.3 80.95 80,9?4 1 1 80.95 -100.00 $0.00 ] 0
169 Wedgew( 82.2 79.8 81.6 81.4 82.18 50 40 Bz.02 0.43| $19,898.95 1 Q
169 Wedgewyq 82.2 79.8 81.6 81.35 82,12 50 40 81.97 0.38] $19,063.28 1 Q0
169 Wedgewd 822 79.8 B81.6 81.29 82.04 50 40 81.89 0.30{ $18,021.17 1 0
169 Wedgewd 822 79.8 B1.6 81.23 81.95 50 40 81.81 0.22| $16,935.50 1 0]
169 Wedgewq 82.2 79.8 B1.6 81.12 81.83 50 40 81.69 0.10[ $15,519.97 1 0
169 Wedgewq 82.2 79.8 B1.6 81.04 81.72 50 40 81.58 -100.00 $0.00 0 0
169 Wedgew( 82.2 79.8 B1.6 80.95 81.6 50 40 B81.47 -100.00 $0.00 0 [¢]
179 Wedgew(] 82.4 80,0 81.8 82.18 82.18 1 1 82.18 0.39] $19,261.73 1 Q
179 Wedgew] 824 80.0 B81.8 82.12 82.12 1 1 82.12 0.33] $18,425.54 1 0
179 Wedgew( 82.4 80.0 81.8 82.04 82.04 1 1 B2.04 0.25| $17,366.83 1 0
179 Wedgewq] 824 80.0 818 81,95 81.95 1 1 B1.65 0.16| $16,248.31 1 0
179 Wedgew] 82.4 80.0 81.8 81.83 81.83 1 1 81.83 0.04] $14,868.20 1 0
179 Wedgewq 82.4 80.0 81.8 81.72 81.72 1 1 81.72 -100.00 $0.00 0 0
179 Wedgew( 82.4 80.0. 81.8 81.6 81.6 1 1 81.60 -100.00 $0.00 0 8]
Reg 3
100-yr 3
50-yr 2
25-yr 2
10-yr 2
5-yr 0
2-yr 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endan



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

] " " - . _— I Total Average Annual Present Wo:th Category
Site | Event | WSEL |Homes BFT:::Z}::? First Floor D::;l::l\llt;?:le Industrial Area Dalrrrl\:;?:ll::ue Con;r?:arclal D:;':g:ae(lcallaul e Inst::n;:mal D':;gtguet'\?:ﬁ:e Direct Damage Damages 2007 (50;;:&5 %) hc::isgff Importance/
Value Direct Damages Damages Significance | Product
(Yr) [ (m) | (No,) (No.) (No.) ) (ha) 6 (ha) ($) (ha) (%) ($) (%) ) (1-10) (1-10)

2 92.69 0 0 0 $0 0 0 0 0 0 0 $0
5 93.00 Q 0 0 $0 0 0 0 0 0 0 $0

10 93.51 2 2 0 $30,388 0 0 0 0 0 0 $30,368

31 25 93.64 2 g 0 $33.184 0 0 0 0 0 0 533,184 85,007 593,046 2 o 16

50 93.69 2 2 0 $35,388 0 0 0 0 0 0 $35.388

100 93.74 3 3 0 $52,579 0 0 0 0 0 0 $52,579

Reg 93.61 3 3 0 $54,819 0 0 Q o} 0 0 $54,819

. Total Average Annual 'z';)sir;;yf’g;'; Measure Category
ndirect Damage D.amages 2007 Indirect Weight IrT\pc.hr.tance/ Product
Value Indirect Damages Significance
Damages
Evaluation Process ($) ©) (%) (1-10) (1-10)

$0
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) $0

2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) $4,558

related to whether building is subjected to flooding or not $4,978 §765 $13,957 2 4 8

3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $5,308

4 Determine Average Annual Damages (AAD) for Direct and Indirect damages §7,887

5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% $8.223

for Direct and Indirect Damages (for information purposes only)

6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages




Finished |} [Basement Lowest | Downstream  2-100/ interpolated Property 24 i
Building Floor Floor Ovenin Re Flood Upstream 2-100/ Reg Section Distance Distance from 100/ Re Fload Building Flood Damage Costs $) Basement Flooding First Floor Flooding Frequenc Summarized Damage
No. Elevation | Elevation P g 9 00 Flood Elevations (m) ec s Downstream Section 9 Depth (m) g (Yes/ No) (Yes/ No) ¥ Costs ($)
(m) (m) (m) Elevations {m) Elevations (m)
180 Lakes 81.2 78.8 80.6 80.45 80.45 1 1 80.45 -100.00 $0.00 0 0 Reg $54,819.02
180 Lakes 81.2 78.8 80.6 80.41 80.41 1 1 80.41 -100.00 $0.00 0 0 100 $52,578.63
180 Lakes 81.2 78.8 80.6 80.35 80.35 1 1 80.35 -100.00 $0.00 0 0 50 $35,388.00
180 Lakes| 81.2 78.8 80.6 80.28 80.28 1 1 80.28 -100.00 $0.00 0 0 25 $33,183.81
180 Lakes| 81.2 78.8 80.6 80.14 80.14 1 1 80.14 -100.00 $0.00 0 0 10 $30,388.17
180 Lakes 81.2 78.8 80.6 79.62 79.62 1 1 79.62 -100.00 $0.00 0 0 5 $0.00
180 Lakes 81.2 78.8 80.6 79.15 79.15 1 1 79.15 -100.00 $0.00 0 0 2 $0.00
180 Lakes 81.3 78.9 80.7 80.45 80.5 40 10 80.46 -100.00 $0.00 0 0 TOTAL= $206,357.63
180 Lakes 81.3 78.9 80.7 80.41 80.46 40 10 80.42 -100.00 $0.00 0 0
180 Lakes 81.3 78.9 80.7 80.35 80.4 40 10 80.36 -100.00 $0.00 ¢] 0
180 Lakes 81.3 78.9 80.7 80.28 80.32 40 10 80.29 -100.00 $0.00 0 0
180 Lakesl 81.3 78.9 80.7 80.14 80.17 40 10 80.15 -100.00 $0.00 0 0
180 Lakes 81.3 78.9 80.7 79.62 79.67 40 10 79.63 -100.00 $0.00 0 0
180 Lakes! 81.3 78.9 80.7 79.15 79.38 40 10 79.21 -100.00 $0.00 0 0
147 Wedg 82.5 80.1 81.9 80.5 80.61 50 8 80.52 -100.00 $0.00 0 0
147 Wedgf 82.5 80.1 81.9 80.46 80.57 50 8 80.48 -100.00 $0.00 0 0
147 Wedg 82.5 80.1 81.9 80.39 80.5 50 8 80.41 -100.00 $0.00 0 0
147 Wedg 82.5 80.1 81.9 80.31 80.43 50 8 80.33 -100.00 $0.00 0 0
147 Wedg{ 82.5 80.1 81.9 80.16 80.3 50 8 80.18 -100.00 $0.00 0 0
147 Wedgg 82.5 80.1 81.9 79,72 80.22 50 8 79.80 -100.00 $0.00 0 0
147 Wedg( 82.5 80.1 81.9 79.64 80.12 50 8 79,72 -100.00 $0.00 0 0
151 Wedg 82.4 80.0 81.8 80.61 81.4 40 7 80.75 -100.00 $0.00 0 0
151 Wedg 82.4 80.0 81.8 80.57 81.35 40 7 80.71 -100.00 $0.00 0 0
151 Wedg 82.4 80.0 81.8 80.5 81.29 40 7 80.64 -100.00 $0.00 0 0
151 Wedg 82.4 80.0 81.8 80.43 81.23 40 7 80.57 -100.00 $0.00 0 0
151 Wedg( 82.4 80.0 81.8 80.3 81.12 40 7 80.44 -100.00 $0.00 0 0]
151 Wedg 82.4 80.0 81.8 80.22 81.04 40 7 80.36 -100.00 $0.00 0 0
151 Wedg 82.4 80.0 81.8 80.12 80.95 40 7 80.27 -100.00 $0.00 0 0
159 Wedg 81.9 79.5 81.3 81.4 81.4 1 1 81.40 0.11 $15,658.34 1 0
159 Wedgs 81.9 79.5 B81.3 81.35 81.35 1 1 81.35 0.06 $15,089.80 1 0
159 Wedgd 81.9 79.5 81.3 81.29 81.29 1 1 81.29 -100.00 $0.00 0 0
159 Wedg 81.9 79.5 81.3 81.23 81.23 1 1 81.23 -100.00 $0.00 0 0
159 Wedg 81.9 79.5 81.3 81.12 81.12 1 1 81.12 -100.00 $0.00 0 0
159 Wedg 81.9 79.5 81.3 81.04 81.04 1 1 81.04 -100.00 $0.00 0 0
159 Wedg 81.9 79.5 81.3 80.95 80.95 1 1 80.95 -100.00 $0.00 0 0
169 Wedgs 82.2 79.8 81.6 81.4 82.18 50 40 82.02 0.43 $19,898.95 1 0
169 Wedgo1 82.2 79.8 81.6 81.35 82.12 50 40 81.97 0.38 $19,063.28 1 0
169 Wedg( 82,2 79.8 81.8 81.29 82.04 50 40 81.89 0.30 $18,021.17 1 0
169 Wedg 82.2 79.8 81.6 81.23 81,95 50 40 81.81 0.22 $16,935.50 1 0
169 Wedg 82.2 79.8 81.6 81.12 81.83 50 40 81.69 0.10 $15,519.97 1 0
169 Wedg 82.2 79.8 81.6 81.04 81.72 50 40 81.58 -100.00 $0.00 0 0
169 Wedg 82.2 79.8 81.6 80.95 81.6 50 40 81.47 -100.00 $0.00 0 0
179 Wedg¥ 82.4 80.0 81.8 82.18 82.18 1 1 8218 0.39 $19,261.73 1 0
179 Wedgf 82.4 80.0 81.8 82.12 82.12 1 1 8212 0.33 $18,425.54 1 0
179 Wedgt 82.4 80.0 81.8 82.04 82.04 1 1 82.04 0.25 $17,366.83 1 0
179 Wedg 82.4 80.0 81.8 81.95 81.95 1 1 81.95 0.16 $16,248.31 1 0
179 Wedg 82.4 80.0 81.8 81.83 81.83 1 1 81.83 0.04 $14,868.20 1 ¢]
179 Wedg 82.4 80.0 81.8 81.72 81.72 1 1 81,72 -100.00 $0.00 0 0
179 Wedg{ 82.4 80.0 81.8 81.6 81.6 1 1 81.60 -100.00 $0.00 0 0
Reg 3
100-yr 3
50-yr 2
25-yr 2
10-yr 2
5-yr 0
2-yr 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land usc
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine flooding damages for each return period based on the flooding depths and damage curve equations
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Site #32 (MORRO0700T) Implementation Program

Recommended Management Approach/Project Scope:
* No management approach recommended due to

Appropriate Lead for Undertaking:
o N/A

Governing Protocol Legislation:
® N/A

Approval Requirements:
o N/A

Need for, and Scope of Follow-Up Assessment/Analysis:
o NA/

Suggested Timing, Need for Phasing:
o N/A

Possible Implementation Issues:
o N/A

Possible Monitoring Requirements:
° N/A

Need for Maintenance:
o N/A

Potential Interface with Other Town/Agency Programs:
° N/A

Other Funding Opportunities:
° N/A




Site #32 (MORRO0700T) Specific Flood Management Alternative Assessment

Data/ Information:

Flooding mechanisms:

* Based on discussions with Conservation Halton there would be no Threat to Life due to a
reduction in flood levels upstream of Cornwall Road to the CNR track. Based on

information provided by Conservation Halton Cornwall Road would not be overtopped
during the Regional storm event.

Screened Alternatives:

e N/A

Preferred Management Approach:

* N/A

Potential Linkage to Adjacent Sites:

* At Site 33




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

] Road Private Vehicle Emergency Vehicle FRVETE YEllicis El.nergency Prlvate_ it Threat to Direct Indirect “embinad
Site ] Access to Vehicle Access | user Driveway . Products
Crossings Access Access el L Life Damages | Damages
Facilities to Facilities Access
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

The combined product of 34 is conservative, as based on discussions with Conservation Halton, actual flood depths would not result in Threat to Life or Flood Damages




Table 4
Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event | Scale Category (Measure
Measure Driveway Flooding Starts/ or Frequency importance/ Weighting *
i Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocitles (m/s. Storm Event Frequency Modifiers Criteria Not Met | Madifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Madifier *
frequency) Category
(4,6,8,10) {m) 2 5 10 25 S0 | 100 | Reg 2 5 10 25 50 | 100 | Reg 2 5 10 25 50 | 100 | Reg 5 10 25 50 | 100 | Reg (2-100, Reg) (0.4-50) (1-10) Significance
32 Design Flood Criteria Anterial 10 96.46 956|957 | 959|962 |963|963|959|-09|-07|-06]|-03|-02|-06|-06|[00|05|07|08]|08]|09]o09 04 | 02 | 0.08 | 0.04 | 002|001 | Arteriat/ 1:100 - Reg 0.00 2 0.0
32 Private Vehicle Level 1 Road/ 100-Regional 10 96.46 9569571959 )|962|963(963|959|-09|-07|-06|-03|-02|[-06|]-06|00]05|o07|o068]|08]|o09]o09 04 | 02 (008 0.04|002]001 25-yr 0.00 5 0
32 Emergency Vehicle Level 1 Road/ 100-Regional 10 96.46 956957959 |962|(963|963)959|-09]|-07|-06]-08]-02|-06]-06|00]05|07|08)]|o08|09]o09 04 | 02 | 0.08| 0.04 ] 002] 001 None 0.0 6 0
32 Private Vehicle Acess to Facilities Partial 5 96.46 956 1957|9591 962(1963]|963|959]|-09]-07]|-06|-03|]-02|-06|-06|]00)]05|07]|08]|o08)]o09]09 04 | 02 |0.08| 004 ]| 002]| 001 | Arterial / 1:100 - Reg 0.00 3 0
32 Emergency Vehicle Access to Facilities Partial 5 96.46 95619571959 |962(963)|96.3|959|-09]|-07|-06|-03]-02|-06|[-06|00]05]|07]|08)|08]|o09] 09 04 | 0.2 [0.08|0.04| 002|001 25-yr 0.00 7 0
32 Private Vehicle Driveway Access (Multiuser) High-Med Vehicle Usage 8 96.46 956957 959]|962|963]|963[959]|-09]|-07[-06|-03|]-02[-06|-06]00]05|07)] 08| 08| 09]o09 04 ] 02 |0.08]004]002] 001 25-yr 0.00 4 0.0

Evaluation Process

1 Determine road crossing classification, whether urban lecal, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)
2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.
3 Determine lowest road elevation at crossing
4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel
5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding
6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)
8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier

10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property

12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance




Table 5

Threat ko Life Fiood Criteria E:
) Land Use Densilles (pers/ ha of

S1te Downatream Flood Elevations (m) Residenllal Units Flooded (#) industriai Area (ha) Commerclal Area (ha) Insiiutional (ha) Juntt) People Endangered Storm Event Frequency Moditlers Compasite
Motmalized | Evaluation Category

No, of Scale Impartance/

People Using| Measure | Significance (1-10) | Product
Site No 2 B 10 25 50 100 Reg 2 5 10 25 50 100 Reg 2 5 [t0]| 25| 50 [100|Reg| 2 [ 5 | 10 | 25 | 50 [ 100 |Reg| 2 | 5 | 10 | 25 | 50 | 100 | Reg | Res | ind |Gam| Instn 2 | 5 | 10|25 |50 |100[Reg| 2 | 5 | 10| 25 | S0 | 100 | Reg | Sterm | Walghling {1-| (7 - Day Usaga)
Mulilpliers 10) {10 - Day and Night
Usaga)
32 9589 9633 96 29 96 21 9587 9578 9571 0 [ 0 o o 0 o o ololoflo|lo|le|[o|]ola|o]lo]lo|o]lo|lo|lo|lo|lol|lof|aol|lsal]is]|s 40 e |a]ofo]lo]o|lo]|so|ao]|w]|4]|2]|1t]os 0 o 10 ]

Evaluation Process
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential refated to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm
6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




Finished Downstream |Upstream 2 Distance Il?te?rciﬂateg- Summarized
Lowest 2-100/ Reg 100/ Reg . operty Building Damage Damage First Floor
Floor . Section from 100/ Reg ) Floor Area Damage
Opening Flood Flood 8 Flood Depth Costs Costs Flooding Frequency
Elevation ; R Distance | Downstream Flood {(m2) Costs
{m) Elevations | Elevations N y {m) ($)/m2 ($) (Yes/ No)
(m) Section Elevations ($)
(m) (m) (m)
97.87 97.9 97.4 97.39 50 10 97.40 =100.00 $0.00 $0.00 0 0 Reg $0.00
97.87 97.9 97.81 97.78 10 10 97.78 -100.00 $0.00 $0.00 0 1,800 100 $0.00
97.87 97.9 97.69 97.66 10 97.78 97.40 -100.00 $0.00 $0.00 0 0 50 $0.00
97.87 97.9 97.55 97.53 97.78 97.39666 97.63 -100.00 $0.00 $0.00 0 0 25 $0.00
97.87 97.9 97.34 97.34 97.39666| 97.53007841 97.34 -100.00 $0.00 $0.00 0 0 10 $0.00
97.87 97.9 97.17 97.2| 97.563007841 97.34 97.20 -100.00 $0.00 $0.00 o 1] 5 $0.00
97.87 97.9 96.96 97.01 97.34]| 97.19994153 97.01 -100.00, $0.00 $0.00 0 0 2 $0.00

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endan:



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Present Worth

- . . - . - - Total Average Annual - Category
site | Event | WSEL |Homes Baserqent First Floor Residential industrial Area Industrial Commercial Commercial Institutional Institutional Direct Damage Damages 2007 (50 Y.ear, 5%) Mea_sure importance/
Flooding Damage Value Damage Value Area Damage Value Area Damage Value Vv . Direct Weight B Prod
alue Direct Damages Damages Significance roduct
(Yr) (m) | (No) (No.) (No.) ($) (ha) (%) (ha) (%) (ha) (%) % % (%) (1-10) (1-10)
2 92.69 0 0 0 $0 0 0 0 0 0 0 $0
5 93.00 0 0 0 $0 0 0 0 0 0 0 $0
10 9351 0 0 0 $0 0 0 0 0 0 0 50
& 25 93.64 0 0 0 $0 0 0 0 0 0 0 $0 §0 %0 0 8 0
50 93.69 0 0 0 $0 0 0 0 0 0 0 $0
100 93.74 0 0 1 $0 0 0 0 0 0 0 $0
Reg 93.61 0 0 0 ) 0 0 0 0 0 0 $0
P t Worth
. Total Average Annual (I:Os(\e(r;ar, (5):/0) Measure Category
Indirect Damage Damages 2007 Indirect Weiaht Importance/
Value Indirect Damages Damages 9 Significance | Product
Evaluation Process Q) ($) Q) (1-10) (1-10)
$0
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) $0
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) 50
related to whether building is subjected to flooding or not 50 s0 s0 0 4 0
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $0
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $0
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% 50
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
Downstrea | Upstream
FiE:ShEd Lowest | 2109 = & Distance f !me'go:at;f: o Building Flood Depth D Cost D Cost First Floor Floodi s ized D Cost
oor z e =] o 0 Istance trom - e uilain: 00 e amage Cosis amage Costs Irst Floor Floodin ummarize amage Costs
Elevation Opshing Flotgd Floogd SECHOn|DiStance Downstream Section Flood Elavat%ns i (m) ° ($E)J/m2 E(J$) (Yes/ No) o Floor Area (m2) Frequency %) ’
(m) (m) Elevations | Elevations (m)
(m) (m)
97.87 979 974|  97.39 50 10 §7.40 -100.00 $0.00 $0.00 0 0 Reg $0.00
97.87 97.9 g7.81| 9778 10 10 97.78 ~100.00 $0.00 $0.00 0 0 100 $0.00
97.87 97.9 g769| 9766 10 97.78 97.40 ~100.00 $0.00 $0.00 0 0 50 $0.00
97.87 a7.9 97.55|  97.53 97.78 97.39666 97.53 £100.00 $0.00 $0.00 0 0 25 $0.00
97.87 97.9 97.34| 9734 97.39666 9753007841 97.34 -100.00 $0.00 $0.00 0 0 10 $0.00
97.87 97.9 97.17 97.2 97.53007841 97.34 97.20 -100.00 $0.00 $0.00 0 0 5 $0.00
97.87 a7.9 96.96|  97.01 97.34 97.19994153 97.01 -100.00 $0.00 $0.00 0 0 2 $0.00

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation
4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations




SITE #33 - MORRO0405T
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Site #33 (MORR0405T) Implementation Program

Recommended Management Approach/Project Scope:

*  Upstream flood storage required to reduce flows, potentially located upstream of Maple Avenue within open
space lands

* Flood proofing of homes not flooded on all sides

Appropriate Lead for Undertaking:

° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein. This project would require an Environmental Assessment to determine the feasibility
of a flood storage areca upstream.

Governing Protocol Legislation:
° Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Regional Municipality of Halton (EEAC) if flood control located within an ESA
o Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

. Ministry of Environment Certification of Approval

° Others

Approval Requirements: (Would require both Class EA approval and detail design approval)
° Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Permit

Regional Municipality of Halton — potentially EEAC
Regional Municipality for potential water and wastewater servicing alterations
Ministry of Environment approval of flood control facility design

Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

e Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

. Input from Utility companies for utility locations
° Private ownership approval for flood proofing

Need for, and Scope of Follow-Up Assessment/Analysis:
° Class Environmental Assessment for assessing feasibility of upstream flood control controls
° As part of the EA

o Hydrologic modeling refinement

o Hydraulic modeling refinement

o Vegetation assessment

o Fisheries assessment

o Natural channel design assessment
Approval process with private land owners
Detail design of flood control facility based on Class EA
Revision to hydraulic modeling at Site 33 and assessment of reduced flows on flood impacts
Assessment of homes still flooded with revised hydraulics, topographic survey of homes; flood proofing
to follow assessment

Suggested Timing, Need for Phasing:

e Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

. Lack of feasibility to implement upstream flood controls, or flood controls not effective in reducing
downstream flows as required

. Land ownership

° Fisheries constraints

° Approval from home owner(s) for flood proofing

Possible Monitoring Requirements:
° Potentially Department of Fisheries and Oceans monitoring requirements\




Site #33 (MORRO0405T) Implementation Program

Need for Maintenance:

e Would have to be determined within the Class EA

Potential Interface with Other Town/Agency Programs:

] To be discussed/ determined with the Town of Oakville and Conservation Halton
° Potential opportunities with Town’s Creek Erosion Study

° Potential projects already identified by Conservation Halton

Other Funding Opportunities:

o To be discussed/ determined with the Town of Oakville and Conservation Halton

° Others




Site #33 (MORRO0405T) Specific Flood Management Alternative Assessment

Data/ Information:
Flooding mechanisms:

* Maple Avenue crossing 161 m by 3.1 m by 1.22 m box culvert
* Encroachment

Screened Alternatives:

* Culvert upgrades — 2 (2.4 m by 1.2 m box culverts) would be expensive due to 161 m length
of culvert and location of culvert within private property.

* Flood storage at site and north of Cornwall Road

* Floodplain and channel improvements would not provide flood protection as the Maple
Avenue crossing is the hydraulic constraint.

* Flood-proofing

* Acquisition

* Regulate

Preferred Management Approach:

* Flood storage at site and potentially north of Cornwall road, details to be determined.
* Flood-proof to extent possible of homes not flooded on all sides.
* Regulate

Potential Linkage to Adjacent Sites:

* Site 32 and 35




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

- = - = bi
. Road Private Vehicle Emergency Vehicle Frivate Vehicle Er.nergency Prlvate_MuItl Threat to Direct Indirect Combined
Site ‘ Access to Vehicle Access | user Driveway . Products
Crossings Access Access . - Life Damages | Damages
Facilities to Facilities Access
33 0.6 0.4 0.5 0.6 0.7 0.5 40.0 32.0 16.0 91.3




Road Flooding Flood Criteria Evaluation

Table 4

Evaluation

Product
Road/ Storm Event Storm Event | Scale Category (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
. . Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s Storm Event Freguency Modifiers Criteria Not Met | Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4.6.8.10) (m) 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 | Reg 5 10 | 25 | 50 | 100 | Reg (2-100, Reg) (0.4-50) (1-10) Significance
33 Design Flood Criteria Collector 8 95.40 94.8 | 956 | 956 | 95.7 | 957 [ 958 | 957 [ 00 [ 0.2 | 02 | 03 | 03 [ 04 |03 |00 | 05| 06| 07 | 08| 08| 07 04 ( 02 |0.08]004]|002]| 001 Collector / 1:50 0.04 2 0.6
33 Private Vehicle Level 4 Road/ 100-Regional 4 95.40 948 (956 956|957 [ 957 958 957 | 0.0 | 02 | 02 | 03 | 03| 04 | 03| 00| 05| 06| 07| 08| o08]o07 04 | 02 |0.08|004| 002|001 100-yr 0.02 5 0.4
33 Emergency Vehicle Level 4 Road/ 100-Regional 4 9540 94.8 956|956 (957 (957 | 958|957 | 0.0 [ 02 | 02 | 03 |03 |04 | 03| 00| 05| 06| 07| 08|08/ 07 04 | 0.2 | 008|004 | 0.02 | 0.01 None 0.0 6 0
33 Private Vehicle Acess to Facilities Partial 5 95.40 948|956 | 956 | 95.7 | 957 [ 958 | 957 [ 00 [ 02 | 02 | 03 | 03 [ 04 | 03 |00 | 05| 06| 07 | 08 | 08| 07 04 | 02 | 0.08]0.04]0.02]|0.01 Collector /1:50 0.04 3 0.6
33 Emergency Vehicle Access to Facilities Partial 5 95.40 948 (956 (956|957 957958 (957 | 0.0 |02 |02 )| 03|03 |04 |03]|00]|05]|06|07|06]|o08]o07 04 ( 0.2 | 0.08]|0.04|002| 0.01 100-yr 0.02 7 0.7
33 Private Vehicle Driveway Access (Multiuser) Medium Vehicle Usage 6 95.40 948 | 956 1956|957 [957 (958|957 | 0.0 | 02 ]| 02 | 03| 03|04 03|00]|o05|06)]07|08]|o08]|o07 04 | 02 | 0.08] 004 ]| 0.02] 0.01 100-yr 0.02 4 0.5

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)
2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.
3 Determine lowest road elevation at crossing
4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel
5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding
6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria
7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)
8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier

10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities

11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance




Table 5

Threat to Life Flood Criteria ion
Site Downstream Flood Elevalions (m) Residential Units Flooded (#) Industrial Area (ha) Commercial Area (ha) Institutional (ha) Fand Use De?::.t:)s e People Endangered Storm Evenl Fraquency Modifiers Smpalie
Exaluntion Calegory
NNorT:IIzed' Scale Importanca/
u"‘h‘; s::l:: Measure | Significance (1-10) | Praduct
Sile Na 2 5 10 25 50 100 Reg 2 5 10 25 50 100 Reg 2 § | 10] 25| 50 [100|Reg| 2 | 5 | 10| 25 | S0 (100 |Reg| 2 | 5 | 10 | 25 | 50 [ 100 | Reg | Res| Ind |Com| st | 2 | 5 | 10 | 25 | 50 [ 100 [Reg| 2 | 5 [ 10 | 25 | 50 | 100 | Reg | muiiphers ""“ﬂ'l'";‘ﬂ“‘ ‘127'5“”:“’32“‘
- Day an
Usage)
a3 94 79 95 56 9563 9567 6968 958 95867 0 2 a3 7 12 12 3 0 [+] 0 0 0 o 0 0 0 0 ) o L] L L o0 0 o 0 0 [+) 3 125 80 40 0 8 9 21 36 36 9 50 20 10 Ll 2 1 04 4056 4 10 40

Evaluation Process
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and fiooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




fterpalated
- Dwmatronm |Upslream 2| B
F'S::hm Baélemenl Lowest 2-100/ Reg 100/ Reg Prtance Inom) Property  2- Building Damage Basement Firs! Floor S
.Building No £ "l oor Opening Flood Flood S.EC“D“ Downslream T Flood Deplh Cosls Flooding Flooding Froquency Da‘rmgu
levalion Elevalion ) 3 Dislance 0 Flood Costa
(m) Elevalions Elevalions Section N (m) (%) {Yes/ No) (Yes/ No)
(m) {m) Elevalions (55
{m) (m) o
%77 Maple AV ESE| Xl 5515 19 T T 5519 700 00| $0.00 a| 0| Reg  $50.300.36
477 Maple Aw| 958 93 6 953 9567 o567 1 1 95 67 038| $19,1197¢ 1 0 100 $220,489.81
477 Maple Av| 95 G 93 & 95 3| 95 56 95,56 1 1 95 58| 027] $17,625 66 1 a 50 $205,888.01
477 Maple A 958 935 85 3 9534 95.34, 1 1 95 34 005| $14,9785% 1 ] 25 $113,111.08
A77 Maple Ay 95 0 935 95 3| 94 89 94,88 1 1 94 89| 100 .00 $0.00 a o 10 $49,196 44
#77 Maple Ayj 935 95 3 944 94.4 1 1 94 40 10000 $0.0Q Q [+ 5 831,338 11
477 Maple Aw 935 953 9428 94.28| 1 1 9428 -100 00 $0.00; O 0] 2 $0,00
473 Mapla Aw 95 9 935 6.3 95 19 95 14| 1 1 85 19| <100 04 30 00| [¢] al
473 Maple A 95 9 935 96,3 9587 95 67 1 1 95 67 038 $19,119.77| 1 o
473 Maple A 95 9| 938§ 5.3 95 56 95 56| 1 ) 95 568 027 $17,625 66 1 a
473 Maple Avj 95.9 935 25 9534 95.34 1 i 9534 0.05] $14,978 59 | [¢]
473 Maple Av| 959 94 89 94.89 1 1 94 89 100.04; $0.00 0| a
473 Maple Av: 959 844 94.4 1 1 94 40 100.00 $0 00 0 @
473 Maple Av 95 9 9428 94.28 1 1 94 24 -100.00| 3000 0| a
459 Mapls Av 95 8 9519 95.19 1 1 9519 -100,00| $0.00 | [
469 Maple Avi 954 95 67 95.67] 1 1 95 87 038] $19,11977 1 G
458 Mapla Av 95 4 9556 95.56 1 1 95 58| 027| $17,62566 1 a
469 Maple Ay 95.6 9534 85.34 1 1 95 34 00%| $14,97859 1 d
4ES Maplo Av 95 8| 94 89 94.89 1 1 94 89| -100 00 $0.00 a g
469 Maple Avf 944 944 1 1 94 40 -10000 $0 09 Q, Q|
9428 94 28 1 1 9428 -100.00 $0.00| Q al
96 9519 95 14 1 1 9519 100 00| $0,00| o 1]
96 9567 95.67 1 1 95 67 028] $17,756 52 1 Q
96 9556 95.56 1 1 95 56 017| $16,368 95 1 0
94 9534 85.34 1 1 95 34 -100 0G| $0.00 0 ]
94 94 89 94,84, 1 1 94 84 =100 04| $0.00 0 o
94| 94 4 94 4 1 1 84.40 =100 0G| $0.00 (1] o
94 9428 94.28) 1 1 24 25' =100.00 $0.00 0| 0
481 Mapis Av 961 a37 e 9519 95 19| 1 1 85 19| -moml 000 61 ]
461 Mapla Ay 96 1 aar 958 9567 95.67 1 1 95 &7 018] $16,490.48 1 0,
461 Maple Ay 961 a1 95,5 95 56 85.58 1 1 95 5§ 007| $1520183 1 D
461 Maple Avf 961 a7 955 9534 95.34 1 1 9534 -100.00 $0.00 a 0
461 Maple Av| 961 a3 95 §| 94 89 94.89 1 1 94 a4 ~100.00 $0.00 a v
461 Maple Awf 961 837 955 844 94.4 1 1 94 40 +100 00 $0 00 a Q)
461 Maplo Av) 961 837 95 5 9428 94.28 1 1 94 24| ~100.00 $0.00| Q )
355 Haharmia EG| EEK G54 9519 95.19 1 1 8514 -100 00 $0.00| 0 0
485 Bohemia i) 93 6 954 9567 85.67 1 1 95 67 028] $17,756 52| 1 @
485 Bohemia o8 93.6] 954 95 56 85.56 1 1 9556 017] $16,368 95 1 a
485 Bohemia 94 93.4 954 95 34 95.34 1 1 95 34 -100.00| $0 00| 0| a
485 Bohemia 96| 93 6| 954 94 89 94.89 1 1 94 89 -100.00 $0.00] 0| a
485 Bohemia 98| 93.6 954 944 84.4 1 1 94 40 -100.00| $0.00| 0| a
485 Bohemia 9_ﬂ| 93 6| 95 4 9428 94.28 1 1 94 24 -180.00 $0.00 0| 1]
487 Bohamia 96 Qﬂﬁi 854 9519 95.19| 1 1 T | -100 0G| 500!11 | Q
487 Bohernia 98| 93 6 854 95.67 95.67 1 1 8567 028 $17,756,52 1 Q
487 Bohemia 94| 936 85 4 95 56 95.56 1 1 85 54| 017] $16,368 95 1 0
487 Bohemia 96 93 & 83.4 95,34 85.34 1 1 9534 -100 00| $0 .00 Q o
487 Bohamia 26| 936 954 94.89 94,89 1 1 04.80) -100 00 $0.00 Q 0
487 Bohemia 96| el 95 4 944 94.4 1 1 54 40| -100.0¢ $0 00 a ]
487 Bahemia 96| 83 4] 954 94.28 94.28 1 1 B4.28] -100.00 $000 Q a
488 Bahamla 56| 934 54 9519 95.1¢9 i 1 5 11 -100.00 5000: a ol
489 Bohemia 56 934 854 95 67 8567 1 1 D587 028| $17,756.52 1 [+]
485 Babumis 96 93.4 854 95 56 &5 G4 1 1 65 55| 017 $16,368 95 1 [+
489 Bohemia 96 934 854 95 34 95.34 1 1 9538 =100 00 $0.00) 0 0
458 Bohernia % 936 54 94 .89 94.846 1 ] B4 85 +100 G0/ $0.00) 0 L]
489 Bohemia 96, 93 8| B 844 944 1 1 140 -100 00 $0 00| ] 0
489 Bohemia 24| 23 6| w4 9428 94 28] 1 1 B4 28 +100.00; £0 00| ] 4]
445 Walson A S| 545 ] 95.35 5.35) T [ 35 ~160.00| $0.00) o 9|
445 Walson M 96 8 945 953 9578 95.78 1 1 9578 +100.00 $0.00| 0 o
A5 Walson A 96,8 945 8] 95 69 95.69) 1 1 05,60 +100.00} $0.00 0 o
445 Waison 96 8| 845 963 9553 95.93 1 1 9553 -100 00| $0.00 0 o
445 Walson A 96.8 845 w63 8528 95.28) 1 1 95.28) -100.00| $0.00 0 a
445 Walson A 96 9| 945 05 3 9516 95.186] 1 1 o514 -100.00| $0.00 0 o
445 Watson 959 245 563 94 97 94.97 1 1 8497 -100.00 $0.00 0 ]
408 Flina Ave ﬁ‘ EEE] 554 9569 95.69] T 7 5550 030| $16021 17 1 0|
409 Pine Ave 9% 938 654 959 95 5| 1 1 8580 051] $21,04965 1 0
409 Pine Ave 96 938 954 95 84 95.84 1 1 5684 045| $20,135.85 ] o
#09 Pine Ave of 93 8| a54 9576 5 76| 1 1 9578 037| $18,97887 1 0
409 Pine Ave 96 93.8 G54 95 66 65 6| 1 1 5. 66 027| $17,625.66] 1 o
409 Pine Ave 56 83.8) 854 9555 95 .55 1 1 9555 0.1d] §16,248.31 1 0
408 Pine Ave 56 935 85.4) 95 39 9539 1 i %33! -100.00, $0.00)] a C_ll
(405 Firm Ave 861 937 95 5| 9569 95.69 1 1 96,64 020] $16,736 24 1 0
405 Pine Ave 961 937 956 959 95.9] 1 1 8580 041] $19,548 80| 1 ]
05 Pine Ave 961 937 955 8584 95.84 1 1 5 B4 035 $18,700 16 1 al
405 Pine Ave 961 937 958 9576 95.7§) 1 1 578 02¥] $17,625.60 1 Q]
405 Pine Ave 96,1 937 955 95 66 95.64| 1 1 8586 017| $16,368 95 1 Y
405 Pine Ave 961 937 958 9555 95.55 1 1 8555 006] $15,089 80 1 0
405 Pine Ave 961 937 255 95 38 95.39) 1 1 9‘.‘!33' -100.00| $0.00 0 0
403 Pina Ave 62| 93 81 248 95.68 95.69 ) ] 95 69] 010] $15,542 95 1 a
403 Pine Ave 962 938 56 959 95 9| 1 1 0.31] $18,154 94 1 a
403 Pine Ave 96.2] 938 956 95 84 95.84 1 1 025 $17,366 83 1 a
403 Pine Ave 96.2| 938 658 9576 95.76 1 1 0.17] $16,368.95 1 a
403 Pine Ave 962 938 558/ 95.686 95.86 1 1 007] $15,201 83 1 Q
403 Pine Ave 96.2] 938 058 9555 95.55 1 1 -100.00 $0.00 0] a
403 Pine Ava 96.2| 234 Gﬂl 9539 95.3g 1 1 -100.00, £0.00 0| a
3 Pling Ave 963 838 857 95.69 95 69 1 1 -100.00 3000 01 a]
399 Pine Ave 96.3| 934 w7 959 959 1 1 021 $16,86051 1 0;
399 Pine Ave 963 9349 957 95 684 95.84 1 1 015| $16,128 57| 1 o
2399 Pine Ave 98.3 93.9/ 5.7 9576 95.76 1 1 007 $15,20183 1 o
399 Pine Ave 96 3] 939 57 85 66 95.66 1 i =100.00, $0.00) o 0
399 Pine Ave 96 3 938 957 9555 95.55 1 | 100,00, $0 00| a o
1289 Ping Ava 963 93,8 957 9539 96.39 ;! 1 -100,00; $0.00) Q ol
Raog 3 [']
100 12 o
50 12 o
25 7 o
10 3 o
5 2 a
2 ] [+

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endangerme



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Present Worth

Site | Event | WSEL |Homes BFaIcs)zm(:nt First Floor DResidential Industrial Area Industrial Commercial Commercial Institutional Institutional Direc-:cg::nage A;:,:,aa%eeggggsl (50 Y_ear, 5%) Mea.sure In?:;?tgazr:e/
g amage Value Damage Value Area Damage Value Area Damage Value Value Direct Damages Da[)’:':;tes Weight Significance | Product
(Yn) | (m) | (No) (No.) (No.) ® (ha) ) (ha) %) (ha) ($) (%) ) %) (1-10) (1-10)
2 92.69 0 0 0 $0 0 0 0 0 0 0 $0
5 93.00 2 2 0 $31,338 0 0 0 0 0 Q $31,338
10 93.51 3 3 0 $49,196 0 0 0 0 0 0 $49,196
33 25 93.64 7 7 0 $113,111 0 0 0 0 0 0 $113,111 §20.297 $370,536 “ B 82
50 93.69 12 12 0 $205,886 0 0 0 0 0 0 $205,886
100 93.74 12 12 0 $220,490 0 0 0 0 0 0 $220,490
Reg 93.61 3 3 0 $50,300 0 [ 0 9] 0 0 $50,300
Total Average Annual T Wo:th Category
Indirect Damage Damages 2007 (50 Y":‘”’ 5%) || Memwre Importance/
Value Indirect Damages [;ndlrect Weight Significance | Product
amages
Evaluation Process ($) ($) ($) (1-10) (1-10)
$0
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) $4,701
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) §7,379
related to whether building is subjected to flooding or not $16.967 $3.045 $55.580 4 4 16

3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $30,83
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $33,073
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% §7,545

for Direct and Indirect Damages (for information purposes only)

6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages




Downslream  2-100/ Inderpotited Propery 24| " e -
Reg Flood Ugi;zag 2;100/(&;9 Sestion Distance - Dﬁkrl‘::q I;:} 100/ Rlog Fload Bighding Flood Dupth| Damage Costa o) anr;tm: :x:r.rdm Fral rka: Frxcd-ﬂ;
Elevalions (m) evalions (m, wistream on Elsvations tm) (m} You! 1] e )
5518 ESE) T T 10000] 50,00 [} 1
9567 95 67 1 1 038 $18,118.77 1 a
95 56 95 %8| { 1 o7 517,625 56| 1 0
9534 9534 1 1 005 $14,578 50| 1 o)
94 89 &4 g9 1 1 104000 $000| o) 0|
944 844 ' 1 100.00 20,00 0| 0|
9428 9478 1 1 -100.00 20.00 9] o)
9519 8519 1 1 100,00 .00 [ a
9567 &5.67 1 1 038 $19,119.77 1 o
95 56 95 43 ' 1 027 $17,625 65 1 0
9534 95 34 1 1 005 514,678 55 1 o
94 89 94 49 1 1 100,001 $0.00/ 0 0
944 944 1 1 100,00 £ 0 0
9428 9428 1 1 10000 $000 0 9|
9519 95 19 1 1 10000 00| 0 [
9567 9587 1 1 038 $19,119 %7 1 0
95 56 95 54| 1 1 6z $17,625 68 1 0
9534 95.34 1 1 0.0 $14,978 54 ' 0
9489 94 ha 1 1 100 00| £0.00 o o
944 944 1 1 0 ]
9428 94 28 1 1 1 o
9519 95 19 7 i 0] 0|
95 67 9587 1 1 1 0|
95 56 9556 1 1 1 0|
9534 9534 1 1 0| 0|
9489 94 89 1 1 [ [
944 944 1 1 0] a
9428 94.28) 1 1 0 [
9519 95.19| 1 i ] 0
95,67 95.67 1 1 1 0
95.56 95 56 1 1 1 0|
9534 95.34 1 1 o 0|
94.89 94.89 1 1 0| 0|
94.4 94.4 1 1 0| 0|
9428 94.28] 1 1 0| 0]
9519 95.19] T T 0| [
95 67 9567 1 1 51775652 1 [
9556 9558 1 1 $16,558 05 1 0
9534 9534 1 1 Spog o o
94.89 9488 1 1 $0.00, 0 0
94.4 M4 1 1 000 0 q
94.28 9428 1 1 S0.00) 9 0]
8519 8519 1 [ ] o 0]
85.67 9567 1 1 §17,766 52 1 0
9556 55 56| 1 1 $16,36H &5 1 0|
95.34 9554 1 1 $0.00 0| [
9489 94 89| 1 1 000 0| a
944 944 1 1 000 0 0
9428 94.28] 1 1 £0.00 0 a
9519 9516 ] ] D 0 0|
95 67 95 67 1 1 §17,756 52 1 0
9556 95 B8] 1 1 $16388 5 1 0
9534 9534 1 1 .00 0 o
9489 94 83 1 1 £0.00/ [ 0|
944 944 1 1 $0.00/ [ 0|
94.28 94 78 1 1 50.00] c_ll [
9535 95 35| 1 1 5,00 0| 0]
9578 9578 1 1 $0:00 0| a
9569 95 64| 1 1 .00 of 0
9553 95.53 1 1 £0.00 0 [}
95.28 95.28 1 1 25 28] £00 0 a
9516 95.18 1 ' 6518 $0.00 0 0
9497 94.971 1 1 2497 £0.00 0 0
9568 95.68 1 ] 5 68, $18,021 17| 1 [}
959 95.4 1 1 95 80 $21,048.65| 1 0|
9584 9584 1 1 584 £20,135 65| 1 o)
9576 95.78] 1 1 578 $18,878.87 1 0|
9568 95.68] 1 1 95 84| 517,625 65 1 0|
9555 95.85 1 1 8555 $16,248 31 1 0|
9539 95.49] 1 1 sc-.aal £0.00 0| a
9569 95.68 1 1 55 69| S8 73625 1 4
959 95.9 1 1 46550 $190,540.80 1 a
9584 8584 1 1 o5 84 $18,200 18 1 a
95.76 95.78 1 1 5578 $17,625 64 1 a
95.66 95.65 1 1 8583 £16,384 05| 1 a
9555 95.55 1 1 2555 g $15,085 80| 1 0
95.39 95.39) 1 | 0539 100.00} ] nol ol o
95 69 95.69) 1 ] 55 68| 010 $15 547 1] 0]
959 95.9| ' 1 5 60 o3 418,154 95| 1 0|
9584 95.84 1 1 05 84 025 £17,356 83| 1 0)
9576 95.76] 1 1 46 18 017 51836885 1 o
95 66 #5685 1 1 5 64| Q07 $15,201.83 1 0]
9555 4655 1 1 95 55 “100.00| 000 o 0
95 39 8539 1 1 25 34| -100 00/ $0.00 Q Q
95 69 46569 1 1 95 85| 100 ool ] m4 El Bl
959 954 1 1 86,60 o $16,860.51 1 0
95.84 95 64 1 1 &5 84 015 $18,12857 1 a
9576 95.78 ' 1 76 007 $15,201 83 1 0
9566 8563 1 1 9564 -100.00 $0.00| 0 0]
9555 55 1 1 85,55 100,00 $0.00] 0 0
95.99 8539 ! 1 95 39| -100.00 $0.00] 0 0]
Feg 3 G
100 12 a
50 12 o
25 7 [
10 3 0
5 2 0
0 0

g elevations for all storm events at buildings that potentially flood
or elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
ient floor elevation by substracting 2.44m from the first floor elevation
ient window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land us
g depths based on lowest opening elevation and flooding elevations for all storms
g damages for each return period based on the flooding depths and damage curve equations

2

. Summanzed Damagol
Fracyidncy Cosls  ($)

—

Reg 550,300 34

100 $220,489 81

50 $205,886 01

25 $113,111.08

10 $49,186 44

5 $31,338 11

2 $000
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Site #35 (MORRO0098T) Implementation Program

Recommended Management Approach/Project Scope:
*  Flood control upstream of site (See Site 33)
*  Upgrade Chartwell Road crossing by adding 3 m by 1.6 m box culvert to existing 3 m by 1.6 m box culvert

Appropriate Lead for Undertaking:

° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein. This project would require an Environmental Assessment to determine the feasibility
of a flood storage area upstream. The additional culvert could be considered following possible reduction
of flows from flood protection upstream

Governing Protocol Legislation:
e Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

Ministry of Natural Resources Lakes and Rivers Act
Department of Fisheries and Oceans Fisheries Act
Ministry of Environment Certification of Approval
Others

Approval Requirements: (Would require both Class EA approval and detail design approval)
° Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Permit

Regional Municipality for potential water and wastewater servicing alterations
Ministry of Environment approval of flood control facility design

Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

° Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

° Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:

° Class Environmental Assessment for assessing feasibility of upstream flood control controls

° As part of the EA

o Hydrologic modeling refinement
o Hydraulic modeling refinement
o Vegetation assessment
o Fisheries assessment
o Natural channel design assessment
° Approval process with private land owners
° Detail design of flood control facility based on Class EA
° Revision to hydraulic modeling at Site 35 and assessment of reduced flows on flood impacts
° Topographic survey of crossing and creek to facilitate hydraulic modeling and detail design
Hydraulic modeling of Site with proposed culvert addition once potential flood control in place

Suggested Timing, Need for Phasing:

° Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

° Lack of feasibility to implement upstream flood controls, or flood controls not effective in reducin g
downstream flows as required

° Land ownership

° Fisheries constraints

Possible Monitoring Requirements:

° Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Would have to be determined within the Class EA

Potential Interface with Other Town/Agency Programs:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Potential opportunities with Town’s Creek Erosion Study

° Potential projects already identified by Conservation Halton




Site #35 (MORRO0098T) Implementation Program

Other Funding Opportunities:

To be discussed/ determined with the Town of Qakville and Conservation Halton
Others




Site #35 (MORRO0098T) Specific Flood Management Alternative Assessment

Data/ Information:

Flooding mechanisms:

* Chartwell Road crossing 3 m by 1.6 m resulting in overflow (spill across road to Site 37)
* Spill across Maple Road resulting from 3.1 m by 1.22 m box culvert (Site 33)

Screened Alternatives:

* Culvert/crossing upgrades for Chartwell Road crossing by adding a 3 m by 1.6 m box (or
equivalent)

* Culvert/crossing upgrades for Maple Avenue crossing in combination with other alternatives
for Site 33

Preferred Management Approach:

* Upgrade Chartwell Road crossing
* See Site 33

Potential Linkage to Adjacent Sites:

e Site 33




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

; " - = bi
. Road Private Vehicle Emergency Vehicle Fiivaie Yehisle El?nergency Prlvate. uult Threat to Direct Indirect I
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access i i Life Damages | Damages
Facilities to Facilities Access
35 1.6 0.0 0.0 0.0 0.0 0.0 30.0 16.0 8.0 55.6




Table 4

Road Flooding Flood Criteria Evaluation

Evaluation

Product
Road/ Storm Event Storm Event | Scale Category| (pMeasure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
. Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s Storm Event Freguency Modifiers Criteria Not Met | Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) (m) 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 | Reg 5 10 | 25 | 50 | 100 | Re (2-100, Reg) (0.4-50) (1-10) Significance
35 Design Flood Criteria Arterial 10 93.47 927(930)935)936|937|937|936( 00| 00| 00|02 |02)03)|01(00|00|00]|07]|07]07] 06 04 | 0.2 | 0.08 | 0,04 | 0.02 | 0.01 | Arterial/ 1:100 - Reg 0.08 2 2
35 Private Vehicle EMS Route 10 93.47 92,71 93.0| 935 936|937 937|936 00| 00| 00| 02| 020301 |00]00|00]|O07]07]|07] 06 04 | 02 | 008|004 |0.02]0.01 None 0.00 5 0
35 Emergency Vehicle EMS Route 10 93.47 9271930 935)93.6(93.7|937|936( 00| 00| 00| 02|02]|03|01t|o00|00|00[07]|07|07] 06 04 | 02 [ 008|004 |0.02| 0.01 None 0.0 6 0
35 Private Vehicle Acess to Facilities Partial 0 93.47 927 930)|935)|93.6(937|937|936( 00|00 |00|02|02)03|01|00|00|00][[07|07]|07] 086 04 [ 02 [ 008|004 002|001 | Arterial / 1:100 - Reg 0.08 3 0
35 Emergency Vehicle Access to Facilities Partial 0 9347 927 1930935936937 |937|936| 00| 00| 00| 02|02|083|01)]00|00|00|07]|07]|07]o06 04 | 02 [008|0.04]002| 0.01 None 0.00 7 0
35 Private Vehicle Driveway Access (Multiuser) Medium Vehicle Usage 0 9347 927]930]935)936|937]937]936| 00) 00} 00]02[02]03)]|01)jo0fo0ofo0|o7]|o07]|07] 06 04 | 02 | 008 0.04]002] 001 None 0.00 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)
2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance
9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier

10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property

12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance




Table 5

Threat to Lite Flood Criteria Evaluation
T8

Site Downstream Flood Elevations (m) Resklential Units Flooded (#) Industrial Area {ha) Commercial Area (ha) Institutional (ha) Land se D"";u‘:":;" Towral w02 People Endangered Slorm Event Frequency Moditiers e

Evaluation Category

""';"“'m Nod g cale Imporiance/

© ";’l‘;rm SN0l Measure | Significance {1-10) | Product
Site Na 2 s 10 25 50 100 Reg 2 5 10 25 50 100 Reg 2 5 | 10| 25 | 50 | 100 | Reg | 2 S | 10| 25| 50 | 100 |Reg| 2 % [ 10 | 25 | 50 | 100 | Reg | Res | Ind |Com| Instt 2 | 5|10 25| 50| 100 |Reg| 2 § | 10| 25 | 50 | 100 | Reg | multipliers Wela';g?s(h 15)7-|;Javuznﬂel')m

{10 - Day an

Usage)

35 92 89 93 9351 9364 93 68 8374 9361 o 0 1 1 ] 2 1 L o 0 a o a 0 0 0 [ 0 Q 0 0 0] 0 0 0 L ] 0 3 125 80 40 0 0 3 3 -] B 3 50 20 10 4 2 1 04 552 3 10 30

Evaluation Process

1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.

3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




. Downstream | Upsiream 2- X Interpolated i
Finished [ Basement |\ oot | 2-100/Reg | 1007 Reg Distance | Propedy2- | g, Damage | Basement | First Floor Summarized
Building No. Floolr Floo_r Opening Flood Flood S'ecnon L 100/ Reg Flood Depih Costs Flooding Flooding Frequency Damage
Elevation Elevation . R Distance | Downstream Flood Costs
(m} Elevations Elevations i ; {m) (%) (Yes/ No) (Yes/ No)
(m) {m) Section Elavations (%}
(m) (m) )
482 Maple Av 96.2 93.8 95.6 94.62 95,67 10 10 95.67 0.08| $15,314.70 1 4] Reg $1531470
482 Maple Av 96.2 93.8 95.6 94 91 95.8 10 10 95.80 0.21| $16,860.51 1 0 100 $32,518.85
482 Maple Avi 96.2 93.8 95.6 94.79 95,68 10 10 95.68 0.09] $15,428.40 1 0 50 $15,428.40
482 Maple Av 96.2 93.8 95.6 94.67 95.67 10 10 95 67 0.08] $15,314.70 1 0 25 $15,314.70
482 Maple Av| 96.2 93.8 95.6 94.5 95.63 10 10 95.63 0.04] $14,868.20 1 0 10  $14,868.20
482 Maple Av| 96.2 93.8 95.6 94.34 95.56 10 10 95,56 -100.00 $0.00 0 0 5 $0.00
482 Maple Ay 96.2 93.8 95.6 93.93 94.79 10 10 94.79 -100.00 $0.00 ¢} 0 2 $0.00
486 Maple Av| 96.3 9349 95.7 94.62 95.67 10 10 95.67 -100.00 $0.00 0 0
486 Maple Av 96.3 93.9 95.7 94.91 95.8 10 10 85.80 011 $15,658.34 1 0
486 Maple Av 96.3 93.9 95.7 94.79 95.68 10 10 95.68 -100.00 $0.00 0 0
486 Maple Av 86.3 93.9 95.7 94.67 95.67 10 10 95.67 -100.00 $0.00 0 0
486 Maple Av 96.3 93.9 95.7 945 95.63 10 10 95.63 -100.00 $0.00 0 0
486 Maple Av 96.3 93.9 95.7 94.34 95.56 10 10 95.56 -100.00 $0.00 0 0
486 Maple Av 96.3 93.9 95.7 93.93 94.79 10 10 94.79 -100.00 $0.00 0 0
Reg 1 0
100 2 0
50 1 0
25 1 0
10 1 0
5 0 0
2 0 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement fioor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endan



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Present Worth

Site | Event | WSEL |Homes E::;s::::znt First Floor DResIder;tlal et Area Industrial Commercial Commercial Institutional Institutional Direc.[‘:)t:;age %":;‘aa?e:ggg;l (50 Y.ear, 5%) Mea_sure In?:;?tgon?e /
g amage Value Damage Value Area Damage Value Area Damage Value Value Direct Damages D:;::;L . Weight Significance | Product
(Yr) (m) | (No.) (No.) (No.) (s) (ha) (%) (ha) (s) (ha) (s) ($) (8) (%) (1-10) (1-10)
2 92.69 0 ] 0 $0 Q a 0 0 0 0 $0
5 93.00 0 0 0 50 0 4] o 0 0 o S0
10 93.51 1 1 0 $14,868 0 0 a 0 0 ] 514,868
£ 25 93.64 ] t 0 $15.315 i 0 0 0 0 0 $15.316 $2.439 $44.524 2 8 e
50 93.69 1 1 0 £15428 0 0 ] 0 0 4] $15.428
100 9374 2 2 0 $32.518 0 0 4] 0 0 4] $32.519
HReg 93.61 1 1 4] $15.315 0 '] 0 0 ] 0 $15,315 _ —
| Total Average Annual ?;?5::}‘;;: Measure Category
ndirect Damage Damages 2007 : Importance/
Value Indirect Damages traciirect Weight Significance | Product
Damages _
Evaluation Process () () (s) (1-10) (1-10)
$0
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) 50
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) $2.240
related to whether building is subjected to flooding or not s2,207 3366 £6,679 2 4 8
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $2.314
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $4,878
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% 52,297

for Direct and Indirect Damages (for information purposes only)

6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages

Finished-]rBasemen Lowest Downstream 2-100/ Interpolated Propeny 2-
Building Floor Floor f N Upstream 2-100/ Reg . i Distance from ‘ Building Flood . Basement Flooding First Floor Flooding
No. Elevation | Elevation Opening | Reg Flood Elevations Flood Elevations (m) SectionDistance Downstream Section 100/ Rog Flaod Depth (m) Damage Costs @ {Yes/ No) (Yes/ No)
(m) (m) {m) (m) Elavations (m)
482 Maple 962 93.8] 95.6 94.62 95.67 10| 10 95,67 008 $15,314 70 1 0
482 Mapla 86.2 938 95.6! 94.91 958 10 10 95.80 021 $16,860.51 1 0
482 Maple 962 938 95.6 94.79 95.68 10 10 95.68 008 $15,428.40 1 0
482 Mapla 96.2 938 95.6 94.67 95.67 10 10 95.67 0.08 $15,314 70 1 0
482 Maple 96.2 938 95.6 945 95.63 10 10 9563 0.04 $14,868.20 1 0
482 Mapla 96.2 938 95.6 94.34 95.56 10 10 95,586 -100.00 $0.00 0 Q)
482 Maple 96.2 93.8 95.6 93.93 9479 10 10 94 79 -100.00 $0.00 0 0
486 Mapla 96.3 939 g95.7 94.62 95.67 10 10 95 67 -100.00 $0.00 0 3]
486 Mapla 96.3 93.9 95.7 94.91 95.8 10 10 9580 011 $15,658.34 1 0
486 Maple 96.3 939 957 9479 95.68 10 10 95.68 -100.00 $0.00 0 0
486 Maple 96.3 939 957 94,67 95.67 10 10| 95.67 -100.00 $0.00 0 0
486 Maple 96.3 939 95.7 94.5 95.63 10 10| 95.63 -100.00 $0.00 0 0
486 Maple 96.3 93.9 95.7 94.34 95.56/ 10 10 96 56 -100.00 $0.00 0 0
486 Mapla 96.3 939 957 93.93 94.74 10 10 9478 -100.00 $0.00 O Q.
Reg 1 o
100 2 0
50 1 0
25 1 0
10 1 0
5 0 0
2 0 0

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
3 Determine basement floor elevation by substracting 2.44m from the first floor elevation
4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations

Summarized Direct Damage
Costs %)

$15,314.70
$32,518.85
$15,428 .40
$15,314 70
$14,868.20

$0.00

$0.00
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Site #36 (MORR2445T) Implementation Program

Recommended Management Approach/Project Scope:

* Upgrade driveway crossing at 446 Chartwell Road, from 2.4 by 1.8 Elliptical CSP to 1.8 by 1.6 m+ box
culvert or equivalent

* Flood proofing of 446, 460 Chartwell Road and 479 Caesar Avenue

Appropriate Lead for Undertaking:
° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

. Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

e Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Permit

. Regional Municipality of Halton for water and wastewater servicing alterations

o Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

. Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

° Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:
Detailed topographic survey of area

Vegetation assessment

Natural channel design assessment

Hydraulic modeling refinement

Approval process with private land owners

Suggested Timing, Need for Phasing:

o Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

. Private land owners consent to proposed grading

. Town of Oakville potential easement requirements

e Vegetation loss, requiring mitigation

Possible Monitoring Requirements:

° Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

° Potential creek stabilization resulting from local grading impacts

° Crossing maintenance

Potential Interface with Other Town/Agency Programs:

. To be discussed/ determined with the Town of Oakville and Conservation Halton

° Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects already identified by Conservation Halton

Other Funding Opportunilties:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Canada/ Ontario Municipal Renewal Infrastructure Fund

® Others




Site #36 (MORR2445T) Specific Flood Management Alternative Assessment

Data/ Information:
Flooding mechanisms:
* Driveway crossing for 446 Chartwell Road (2.4 m by 1.8 m Elliptical CSP)

* Floodplain capacity
¢ Encroachment

Screened Alternatives:

* Culvert upgrade for 446 Chartwell Road — put in 1.8 m by 1.6 m+ box culvert
* Flood proofing of 446, 460 Chartwell Road and 479 Caesar Ave.
* Floodplain improvements are impractical due to private property and existing vegetation.

Preferred Management Approach:

* Culvert upgrade

* Flood-proofing of 479 Caesar Avenue approximately 0.01 m. Topographic survey required to
verify building elevation and flood proofing required.

Potential Linkage to Adjacent Sites:

* No linkage




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

- - - -- H d
: Road Private Vehicle Emergency Vehicle FRvAE Vehicle Emergency anatei iUt Threat to Direct Indirect oy
Site . Access to Vehicle Access | user Driveway . Products
Crossings Access Access = pesp Life Damages Damages
Facilities to Facilities Access
36 0.0 0.0 0.0 0.0 0.0 0.0 40.0 16.0 8.0 64




Road Flooding Flood Criteria Evaluation

Table 4

Evaluation

Product
Road/ Storm Event Storm Event | Scale Category (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
i Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s) Storm Event Frequency Modiflers Criteria Not Met | Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) (m) 2 5 10 | 25 | 50 [ 100 | Reg | 2 5 10 | 25 | 50 | 100 [Reg | 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 | Reg (2-100, Reg) (0.4-50) (1-10) Significance
36 Design Flood Criteria Arterial 10 94.66 9381939940941 1942943940 00 [ 00 | 00| 00| 00| 00| 00| 00| 00| 00| 00| o00]o00]o00 1 04 ] 02 |008]0.04]0.02]0.01 None 0.0 2 0
36 Private Vehicle EMS Route 10 94.66 938 (939|940 941|942 |943(940| 00 | 00 [ 00 | 00| 00 ) 00| 00 |00 ]| 00)]| 00| 00| 00] 00] 00 1 04 | 02 | 008]0.04] 002|001 None 0.0 5 0
36 Emergency Vehicle EMS Route 10 94.66 9389391940941 [942)|943(940| 00 | 0.0 | 00 [ 00 | 00| 00| 00| 00| 00| 00)] 00| 00| 00] 00 1 04 | 02 | 0.08]|004]0.02]0.01 None 0.0 6 0
36 Private Vehicle Acess to Facilities No 0 94.66 938939940941 942|943 (940 00 [ 00 | 00 [ 00| 00| 00| 00| 00| 00|00/ 00| 00]00] 00 1 04 | 02 |0.08]0.04]002) 001 None 0.0 3 0
36 Emergency Vehicle Access to Facilities No 0 94.66 9381939 (9409411942943 (940| 00 | 00 [ 00| 0.0 [ 00 | 00| 00| 00| 00| 00| o00] 00| 00] 00 1 04 | 02 | 0.08] 004 | 002] 0.01 None 0.0 7 0
36 Private Vehicle Driveway Access (Multiuser) NA 0 94.66 938]939]940]941]942|943[940| 00| 00 [ 00 [ 00 | 00 )] 00)] 00| 00| 00)] 00| 00| o00)00]o00 1 04 | 02 ]0.08]0.04] 0.02] 0.01 NA 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)

2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance



Table 5

Threat 1o Life Flood Criteria Evalustion

Sile Dawnstream Flaod Elevations (n) Hosidentlal Units Flooded (9) Inctustrial Ares {iva) Cammercial Araa {lia) Institutianal {ha) Land (e “"‘zﬂ".‘a‘ (pere/ ha on Poaple Endangored Stoam Event Froquency Moditiers _—

» i Category

No. of Stal Importance!

Poople Using|  Measure SIgnm:_murl-ln] Praduct

She No 2 5 10 25 50 100 flog 2 5 10 25 50 100 g 2 S (o) e |50 (w0 feg| 2 | 5 | 10| 35| S0 w0 Feg| & | 5| 10| 25| 50 (tto|Reg|Res| ind |Com| et | 2 | 5 | w0 | 25 | 56 | 100 [Reg| 2 | 5 | 10 | 25 | s0 | 100 | Rey | Sterm |Weighting (1| (7 Dy Usaga)
Multipliors 10} (10 - By nnd Night

Usage)

6 war 238 f389 s R 2405 o411 a8 1 1 ) 3 3 3 1 (4] ] o o 1] o ] o o (4] a 0 [ 0 4] o o o 0 ] a 3 125 20 AD a | b 9 b 9 3 £ 20 10 4 2 ' o4 242 4 [

Evaluation Process

1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.

3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multtiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance



- Downstream [Upstream 2| . Interpolated .
Sinished Basement Lowest 2-100/ Reg 100/ Reg Distance | Property 2- Building Damage Basement First Floor Summarized
Buiiding No. | ey gy Opering Flood Flood Section from 100/Reg [ o\ Depth |  Costs Flooding Flooding Frequency | Damage
levation Elevation . i Distance | Downstream Flood Costs
(m} Elevations Elevations N . (m) $) (Yes/ No) (Yes/ No)
(m) (m) Section Elevations (€3]
(m) (m) a
446 Chartwell 96.3 93.9 95.7 9533 95.9 60 20 956.62 -100.00 $0.00 0 0 Reg $28,932.20
446 Chartwell 96.3 939 95.7 95.67 96.06 60 20, 95.80 0.11| $15,658.34 1 0 100 $62,412.33
446 Chartwell 96.3 93.9 96.7 95.63 96.03 60 20 95.76 0.07| $15,239.36 1 ¢ 50 $60,948.46
446 Chartwell 96.3 93.9 95.7 95.56 95.98 60 20 95.70 0.01| $14,541.90 1 0 25 $58,992.79
446 Chartwell 96.3 938 95.7 96.27 95.92 60 20 95.49 -100.00 $0.00 0 o] 10 $29,363.40
446 Chartwell 98.3 93.9 95.7 95.19 95.86 60 20 95.41 -100.00 $0.00 0 0 5 $28,507.32
446 Chartwell 96.3 938 95.7 94.88 95.81 60 20 95.19 -100.00 $0.00 0 0 2 $27,676.20
460 Chartwell 96.5 94.1 5.9 95.33 95.9 60 50 95.81 -100.00 $0.00 0 0
460 Chartwell 96.5 94.1 959 95.67 96.06 60 50 96.00 0.10| $15,600.54 1 0
460 Chartwell 965 94.1 859 95.63 96.03 60 50 95.96 0.07| $15,239.36 1 0
460 Chartwell 96.5 941 959 95.56 95.98 60 50 §5.91 0.02| $14,649.86 1 0
460 Chartwell 96.5 941 95.9 95.27 95.92 60 50 95,81 -100.00 $0.00 0 [¢]
460 Chartwell 96.5 941 95.9 9519 95.86 60 50 95.75 -100.00 $0.00 (] Q
460 Chartwell 96.5 94 1 95.9 94.88 95.81 60 50 95.66 -100.00 $0.00 0 4]
479 Caesar A 96.5 941 959 96.83 96.83 1 1 96.83 0.94| $28,932.20 1 1
479 Caesar Al 96.5 94.1 95.9 96.93 96.93 1 1 86.93 1.04| $31,153.45 1 1
479 Caesar A 96.5 94.1 95.9 96.9 96.9 1 1 86.90 1.01| $30,469.74 1 1
479 Caesar A 96.5 941 959 96.87 96.87. 1 1 96.87 0,98| $29,801.03 1 1
479 Caesar A| 96.5 941 859 96.85 96.85 1 1 96.85 0.96( $29,363.40 1 1
479 Caesar A 96.5 94.1 85.9 96.81 96.81 1 1 96.81 092 $28,507.32 1 1
479 Caesar A 96.5 94 1 959 96.77 96.77 1 1 96.77 0.88] $27,676.20 1 1
Reg 1 1
100 3 1
50 3 1
25 3 1
10 1 1
5 1 1
2 1 1

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endan;



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Total Average Annual ETasaIe Worky Category
Site | Event | WSEL |Homes B;“:‘P“‘ First Floor Flemder::lTl Industrial Area D Industeial Con;merctal COmme;mlal Inst:unonal Dlnstltutisnlal Direct Damage Damages 2007 (50 ;e ar,ls%l l\::a.s uhrte Importance/
ooding Damage Value amage Value rea Damage Value rea amage Value Value Direct Damages irec eig Significance | Product
Damages
(Yr) (m) | (No.) (No.) (No.) (S) (ha) (s) (ha) ($) (ha) (S) (s) (s) () (1-10) (1-10)
2 8269 [1] 1] [} £0 0 1] 1] Q 0 a 50
5 93.00 4] o 0 50 1] o] 4] 0 4] 1] 50
10 93.51 ] 4] [} 30 1] 4] 1] [} (] 0 S0
36 25 9364 2 2 o $29,192 o 0 0 0 0 0 529,192 §2.308 542,130 2 8 18
50 53 69 3 3 0 S45,021 8] 4] 1] [1] o 0 545,021
100 93.74 3 3 0 546,127 0 ] Q0 4] [+] 1] 546,127
Ha 8361 ] ] [1] 30 4] o a 1] 0 0 50
Present Worl
Total Average Annual (50 Year, 5%) | Measure Category
Indirect Damage Damages 2007 Indirect Weight Importance/ R
rodu:
Value Indirect Damages i Significance
Evaluation Process (s) (s) (s) (1-10) (1-10)
50
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) 50
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) so
related to whether building is subjected to flooding or not s4.379 §348 $6,320 2 4 8
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) 56,753
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $6919
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% so
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
Fiffished| Basnrert Lowest | Downstream 2-100/ Interpotated Property 2
Buildi Fl Fl N Upsti 2-100/ R . . Dist: f - Building Flood B ! Floodi First Fl Floodi Si dD ]
urilomg Ele‘vro:(;)iron Ele‘v:asi[on Op(e;)mg Elzsglions Floc;ﬁjn) E;gzagevalions (m‘)?Q Section Distance Dowr:Zt?:::\ g]ergtion ’gv?rjl:':s F:?:f lge;:f (mo;) Damage Cosls ($) ase(r:\(eer;/ Ng)o g = (YZ(;; N(())) B Frequency Costs )
446 Gharty 96.9 939 85.7 95.33 a54| 60 20 §5 52 -100 00 50.00 0 0] Feg $0.00
446 Charts 96.3 938 95.7 95.67 96.06 60 20 95.80 on $15,658.34 1 0| 100 $46,127.09
446 Chary 96.3 939 95.7 95.63 96.03 80 20 95.76 0.07 $15,239 36 1 a 50 $45,020.62
446 Charty 96.3 939 95,7 95.56 9598 60| 20 89570 0.01 $14,541.90 1 0 25 $29,191.76
446 Charly 96.3. 939 95.7 95 27 95.92 60 20 85.49 =100.00| $0.00 0 0 10 $0.00
446 Charty 96.3 93.9 95.86 60 20 8541 -100.00 $0.00 0 a 5} $0.00
446 Charty 963 939 95.81 60 20 89519 =100.00 $0.00 1] 4] 2 $0.00
460 Charty 86.5 941 a5.9 60 50 a5.81 -100.00 $0 00! 0 Q
460 Chartu 96.5 941 96 .06 60 5@ 96.00 0.10 $15,600.54 1 [¢]
480 Charty 96.5 94.1 96.03 60 50 8596 0.07 $15,239.36 1 0
460 Charly 96.5 94 1 95.98 80 50 9591 002 $14,649.86 1 0
460 Chart 96.5 941 9592 60 50 o581 -100 00 $0.00 Q 0
460 Charts 96.5 941 9586 60 50 8575 -100.0Q $0.00| o 0
460 Charty 96.5 94 1 X \ 95.81 60 50 85.65) -100.00 5000 0 1]
472 Caass 975 851 G969 96.83 96.83 1 1 95 B3 -100,00 $0.00 [1] 0
479 Caest a75 951 869 96 93 96.93 1 1 86 53 0.04 $14,868.20 1 o
479 Caest 97.5 95.1 96.9 969 96.9 1 1 86 80 0.01 $14,541.90 1 o
479 Caesn| 87.5 951 6.9 96.87 96.87 1 1 856.87 -100.00 $0.00 4] Q
479 Caesi 97.5 95.1 96.9 96.85 96.85 1 1 96.85 -100.00 $0.00 0 [i]
479 Caesi 87.5 85.1 96.9 96 81 96.81 1 1 96.81 -100.00 $0.00 D (1]
479 Cnesé! ar s 951 969 96.77 96.77 1 i 86.77 =-100.00 $0.00 [1] 0
[l 1]
138 g 0
50 3 o
25 2 0
10 0 0
5 0 0
2 0 0

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
3 Determine basement floor elevation by substracting 2.44m from the first floor elevation
4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations
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Site #37 (MORR1910M) Implementation Program

Recommended Management Approach/Project Scope:

* Flood control upstream of site (See Site 33)

* Upgrade Chartwell Road Culvert (Site 35) by adding 3 m by 1.6 m box culvert to existing 3 m by 1.6 m box
culvert

* Flood proofing of 1020 Linbrook Road once Chartwell Road culvert upgraded

Appropriate Lead for Undertaking:
° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

° Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

. Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

e Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Permit

e Regional Municipality of Halton for water and wastewater servicing alterations

. Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

° Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

° Input from Utility companies for utility locations

e Approval from home owner for flood proofing

Need for, and Scope of Follow-Up Assessment/Analysis:

° Class Environmental Assessment for assessing feasibility of upstream flood control controls

e As part of the EA

o Hydrologic modeling refinement
o Hydraulic modeling refinement

o Vegetation assessment

o Fisheries assessment

o Natural channel design assessment

. Approval process with private land owners

o Detail design of flood control facility based on Class EA

° Revision to hydraulic modeling at Site 35 and assessment of reduced flows on flood impacts

° Topographic survey of crossing and creek to facilitate hydraulic modeling and detail design

° Hydraulic modeling of Site with proposed culvert addition once potential flood

Suggested Timing, Need for Phasing:

° Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

° Private land owners consent to proposed grading

° Town of Oakville potential easement requirements

° Vegetation loss, requiring mitigation

Possible Monitoring Requirements:

° Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

° Potential creek stabilization resulting from local grading impacts

° Crossing maintenance




Site #37 (MORR1910M) Implementation Program

Potential Interface with Other Town/Agency Programs:

° To be discussed/ determined with the Town of Oakville and Conservation Halton
o Potential opportunities with Town’s Creek Erosion Study and road work

o Potential projects already identified by Conservation Halton

Other Funding Opportunities:

e To be discussed/ determined with the Town of Oakville and Conservation Halton
° Canada/ Ontario Municipal Renewal Infrastructure Fund

® Others




Site #37 (MORR1910M) Specific Flood Management Alternative Assessment

Data/ Information:
Flooding mechanisms:

* Spill from Chartwell Road due to 3 m by 1.6 m box culvert
* Encroachment

Screened Alternatives:

* Upstream crossing upgrade (see Site 35)

* Flood proofing — properties flooded on all sides, although 1020 Linebrook Road may be
possible based on building elevations being verified through topographic survey.

* Acquisition — 3 properties (costly)

* Regulate

Preferred Management Approach:

* Upstream crossing (see Site 35)
* Flood proofing of 1020 Linbrook Road
* Regulate

Potential Linkage to Adjacent Sites:

* Linkage to Site 35




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

; Road Private Vehicle Emergency Vehicle Private Vehicle Er.nergency Prlvate_ Multi- Threat to Direct Indirect Combined
Site : Access to Vehicle Access | user Driveway - Products
Crossings Access Access i - Life Damages | Damages
Facilities to Facilities Access
37 0 0 0 0 0 0 40 16 8 64




Table 4
Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event | Scale Category (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
. Evaluation Scale Measure Weight Elevation Flood Elevations (m) Road Flooding Depth (m) Flow Velocities (m/s) Storm Event Frequency Modifiers Criteria Not Met [Modifler Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) (m) 2 5 10 | 25 | 50 | 100 | Reg | 2 5 10 | 25 | 50 | 100 [ Reg | 2 5 10 | 25 | 50 | 100 | Reg 5 10 | 25 | 50 | 100 | Reg (2-100, Reg) (0.4-50) (1-10) Significance
37 Design Flood Criteria Not Applicable NA 0.00 0000 00]00|00|00|00|O0O|00|OO|O0O|O0O]|O00|O00|[00|o00|o00|o00]|o00]|oc0]oo0 04 [ 02 |008| 004 002|001 Not Applicable 0.0 2 0
37 Private Vehicle Not Applicable NA 0.00 00]00| 00|00 00| 00|00]|00|00|O00|O00|O00]|O00|00|00|00]|o00]|oc0]|o00]|oco0]oo 04 | 02 |0.08| 004 002|001 Not Applicable 0.0 5 0
37 Emergency Vehicle Not Applicable NA 0.00 00(00)00|00|00f[00|00]|00)00|00f[00]|00|O00]|]00|00|O00]|o00]|o00]|o00]|o00]o0 04 | 02 [0.08[004] 002|001 Not Applicable 0.0 6 0
37 Private Vehicle Acess to Facilities Not Applicable NA 0.00 00| 00|00 00 |O00(fO00fo00|O00fO00|O00(fo00|O00|O00|O00|O00|O00|o00|O00]|o00]|o00]oo0 04 | 02 | 0.08|004] 002|001 Not Applicable 0.0 3 0
37 Emergency Vehicle Access to Facilities Not Applicable NA 0.00 00)00)00(f00(fO00(fO00(fO00fO00fO0O0|OO|O0O|O00fO00|O00|00|00]00]|o00]|o00]oco0l]| o0 04 | 02 | 0.08]0.04] 002|001 Not Appiicable 0.0 7 0
37 Private Vehicle Driveway Access (Multiuser) Not Applicable NA 0.00 00]00) 00} 0000} 00]00])00]00foo]oo|oo|oo]|oo]oo|oofoofoo|oo]foo]oo 04 | 02 |0.08] 004 ] 0.02] 0.01 Not Applicable 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)
2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.
3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding
6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance
9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls efc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance




Table 5

Threat to Life Flood Crileria Evaluation
Site Dovmelream Flood Elevations (m) RAesidontial Unita Floodsd (1) Industrial Araa (lia) Commurcial Ares {ha) Inatitutional (ha) iESnd|UEs! 2‘:’;::;;5 (pore/ ha Peoplo Endangared Starm Evont Frequency Modiliors Conmpusiia
Evaluation Calsgory
H':WT:‘I:?‘L Geale Imporinncel
o d:g IO | poasure | Significance {1-10) | Produat
Site No 2 1 10 25 50 100 Reg 2 5 1] 5 50 100 Heg 2 5 10 | 25 | 50 [ 100 [Reg | 2 5 w | 25 | 50 [ w0 |Reg| 2 5 W | 25 [ 50 | 100 | Reg | Res | Ind | Cem | lastlt 2 7 1w | 25 | 50 | 00 | Rag| 2 [ 10| 25 | 50 | 100 | Reg | pgniphiers "‘""!'"‘:;‘HT- :|LTIDZMU:’$;h:
- Day an
Usage)
» 8811 B9 8528 [TEH ga A B4 8947 o 0 2 2 z 0 0 olofjofofo|lo|lo]lo]|lo]|l]o]lo]lo|o|la|le|lo|o|lo|oa]|a]|sa]| ]| 4 o|lo|&e|6|6|s]o|s|2o]|w|a4l|2 1[04 Wz 4 10 r

Evaluation Process

1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.

3 Determine number of people endangered based on land use population densities and flooding conditons.For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




Fini Downstream |Upstream 2 . o o
nished | Basement |\ ot | 2-100/Reg | 1007 Reg Distance |Property 2| g i | Damage | Basement | First Fioor Summarized
Floor Floor . Section from 100/ Reg . .
Elevation Elevation Opening Floqd Floqd Distance | Downstream Flood Flood Depth Costs Flooding Flooding Frequency | Damage Costs
{m) Elevations Elevations ) 3 {m) ($) (Yes/ No) (Yes/ No) ($)
(m) (m) Section Elevations
(m) (m) o

93.2 90.8 926 92.36 92.55 80 80 92.55 -100.00 $0.00 0 0 Reg $0.00
932 90.8 926 92.4 92.8 80 80 92.80 0.21] $16,860.51 1 o 100 $33,721.01
93.2 90.8 92.6 92.34 92.76 80 80 92.76 0.17| $16,368.95 1 ] 50 $32,737.89
93.2 90.8 92,6 92.27 92,72 80 80 92.72 0.13| $15,891.72 1 0 25 $31,783.43
93.2 90.8 92.6 92.16 92,65 80 80 92.65 0.06] $15,089.80 1 0 10 $30,179.60
93.2 90.8 92.6 92.09 92.59 80 8a 92.59 -100.00 $0.00 0 0 5 $0.00
93.2 90.8 92.6 91.99 92.5 80 80 92 50 -100.00 $0.00 0 0 2 $0.00

932 90.8 92.6 92,55 92.55 1 1 92.55 -100.00 $0.00 0 0

93.2 90.8 92.6 92.8 92.8 1 1 92.80 0.21| $16,86051 1 a

932 90.8 926 92.76 92.76 1 1 92.76 0.17] $16,366.95 1 ¢}

93.2 90.8 92.6 92.72 92.72 1 1 8272 0.13| $15,891.72 1 0

93.2 90.8 92,6 92.65 92.65 1 1 92.65 0.06| $15,089.80 1 0

93.2 908 92.6 92,59 92.59 1 1 9259 -100.00 $0.00 0 0

93.2 90.8 92.6 92.5 2.5 1 1 92.50 -100.00 $0.00 0 1]

93.9 91.5 93.3 92.55 92.55 1 1 92.55 -100.00 $0.00 0 0

93.9 91.5 93.3 92.8 92.8 1 1 82.80 -100.00 $0.00 1] [}

93.9 91.5 93.3 92.76 92.76 1 1 892,76 -100.00 $0.00 ] o

93.9 91.5 933 92.72 92.72 1 1 ga2.72 -100.00 $0.00 1] 0

93.9 91.5 933 92.65 92.65 1 1 9265 -100.00 $0.00 0 0

93.9 91.5 93,3 92.59 92.59 1 1 8259 -100.00 $0.00 0 0

93.9 91.5 93.3 92.5 92.5 1 1 92.50 -100.00 $0.00 0 0

Reg 0 0

100 2 0

50 2 0

25 2 0]

10 2 0

5 0 0

2 0 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endange



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

10
5

B t Residential Industrial c jal | © ial institutional | Institutional sy Average Annual Prseos :'Ztawg;::)‘ Measure | Category
Site | Event | WSEL [Homes rjsz:}ﬁn First Floor D esa a:," Industrial Area D naus Ual on;mae;c D ol:n;e;cl e Al: : D sa uea I Direct Damage Damages 2007 ( Dira::’l W:i um Importance/
ooding amage Yale aage Yallo . ainega‘valve ¢ amage Value Value Direct Damages Damages 9 Significance | Product
(Yr) (m) | (No.) (No.) (No.) (s (ha) (%) (ha) (8) (ha) () (S) (8) (s) (1-10) (1-10)
2 9269 ] '] 0 S0 0 0 0 0 4] 1] 50
5 83.00 0 0 1] 50 0 0 1] 4] 4] 1] 50
10 8351 2 2 0 $30,180 [*] 0 [v] 0 [ ] $30.180
5 25 95,64 2 2 0 531,783 0 0 0 o0 0 0 $31,783 $4.521 582,543 2 8 1%
50 8369 2 2 0 $32.738 0 0 0 0 a 1] $32.738
100 93.74 2 2 0 533,721 0 0 0 ] Lo} 0 $33.721
Feg 83.61 0 0 0 50 0 0 0 0 0 0 §0
Total Average Annual Presant Worth Category
; (50 Year, 5%) | Measure
Indirect Damage Damages 2007 Importance/
Value Indirect Damages indifect Weight | gignificance | Product
Damages
Evaluation Process (s) ($) (s) (1-10) (1-10)
50
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) $0
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) s4.527
related to whether building is subjected to flooding or not $4,768 $578 $12,381 2 4 8
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $4.911
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $5,058
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% 50
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
Downstre
Fi;:ShEd Ba;fmem S 130%/ Hz_ U 2-100/ R Distance fi In:an;a:a[;g’d : oy Building Flood Depth | D c B Flood First Floor Flood S dD. Cosl
oor oor N e tream 2- e " . istance from - uilding e amage Costs asemenl Floodin irst Floor Floodin, ummarized Damage Cosls
Elevation | Elevalion OD(?:)mg Flood 4 gﬁ)od Elevations (m)g Section Distangg Downslreamn Section Flood Emn??ms ° (m) g ?$) (Yes/ No) i (Yes/ No) ¢ Frequency $ °
(m) (m) Elavatinns {rmy
(m)
932 S0.8 926 ?236 92.55 80 80 92,55, -100.00| $0.00 0 0 Reg| $0.00
93.2] 90.8 928 92.4 92.8 80 80 82 80 021 $16,860.51 1 0 100] $33,721.01
93.2 90.8 928 92.34 92.76 80 BG 9276 017 $16,368.95 1 a 50 $32,737.89
93.2 90.8 828 92.27, 9272 80 80 9272 013 $15,891.72 1 4] 25| $31,783.43
932 90.8 926 982.16 92.65 80 80 92.65 0.06 $15,089.80 1 0 10 $30,179.60
93.2 90.8 826 92.09| 92.59 80 80 92 548 =100.00 $0.00| [v] (1] 5 $0.00
a3z 90.8 91.99 92.5 80, B0 92 50 -100.00 $0.00 0 1] 2 $0.00]
daz 908 92.6 92 55 92.55 1 1 9255 -100.00 $0.00 0 0
932 90.8 926 92.8 92.8 1 1 92.80 0.21 $16,860.51 1 0
932 90.8 828 9276 92.76 1 1 82,76 0.17 $16,368.95 1 (o]
932 90.8 826 9272 92.72 1 1 92.72) 013 $15,891 72 i 0
932 908 892 85 92.65 92.65 1 1 92 65 0.06 $15,089.80 1 0|
932 90.8, 226 92.59 92.59 1 1 8259 -100.00 $0.00 0 [t}
932 90.§| 92.6) 92.5 R2.5 1 1 92 50 -100.00 $0.00 Q Q
93.9 91.8 933 92.55 92 55 1 1 8255 -100.00 $0.00| D 0]
939 91.5 93.3] 92.8 928 1 1 9280 -100.00 $0.00| 0 [¢]
93.9 915 933 92,76 92 76 1 1 g2.78 -100.00 $0.00 0 a
93.9 91.5 833 92.72| 9272 1 1 272 -100.00 $0.00 Q (4]
93.9 915 833 92.65 92 GEJ 1 1 92 65 -100.00 $0.00 0 a
93.9 915 833 9259 92 59 1 1 9259 -100.00) $0.00 (1} 0
93.9 91.5 833 92.5 92.5 1 1 £2.50| -100.00) $0.00 1] 0|
Req 0 1]
100 2 Q
50 2 0
25 2 0
2 0
0 0
4] 0

2

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations

)
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Site #38 (MORR0869M) Implementation Program

Recommended Management Approach/Project Scope:
*  Flood control upstream of site (See Site 33)
*  Upgrade Morrison Road crossing by twinning existing 3.6 m by 1.8 m box culvert

Appropriate Lead for Undertaking:

° Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Profocol Legislation:

° Town of Oakville’s Policies and protocols

° Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

° Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Permit

° Regional Municipality of Halton for water and wastewater servicing alterations

o Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

° Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

. Input from Utility companies for utility locations

Need for, and Scope of Follow-Up Assessment/Analysis:

° Class Environmental Assessment for assessing feasibility of upstream flood control controls

° As part of the EA

o Hydrologic modeling refinement
o Hydraulic modeling refinement

o Vegetation assessment

o Fisheries assessment

o Natural channel design assessment

° Approval process with private land owners

. Detail design of flood control facility based on Class EA

° Revision to hydraulic modeling at Site 38 and assessment of reduced flows on flood impacts

e Topographic survey of crossing and creek to facilitate hydraulic modeling and detail design

. Hydraulic modeling of Site with proposed culvert addition once potential flood control upstream
determined

Suggested Timing, Need for Phasing:

° Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

° Private land owners consent to proposed grading

° Town of Oakville potential easement requirements

° Vegetation loss, requiring mitigation

Possible Monitoring Requirements:

° Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

° Potential creek stabilization resulting from local grading impacts

° Crossing maintenance

Potential Interface with Other Town/Agency Programs:

° To be discussed/ determined with the Town of Oakville and Conservation Halton

° Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects already identified by Conservation Halton




Site #38 (MORRO0869M) Implementation Program

Other Funding Opportunities:

° To be discussed/ determined with the Town of Qakville and Conservation Halton
] Canada/ Ontario Municipal Renewal Infrastructure Fund

o Others




Site #38 (MORRO0869M) Specific Flood Management Alternative Assessment

Data/ Information:

Flooding mechanisms:

* Morrison Road crossing (3.6 m by 1.8 m concrete box) with Regional storm backwater of
1.05m

* Floodplain capacity of approximately the 5 year storm (16.5 m’/s). Regional storm is
37.9 m’/s

¢  Encroachment

Screened Alternatives:

* Crossing/culvert upgrades — twin existing culvert

* Floodplain/channel improvements — not practical due to private property and existing
vegetation.

* Flood proofing — only possible for 1 out of 2 flooded homes, therefore this does not resolve
the flooding problem

* Acquisition would be expensive

* Regulate

Preferred Management Approach:

* Crossing upgrades by twinning existing 3.6 by 1.8 m concrete box culvert

Potential Linkage to Adjacent Sites:

* Spill occurs Morrison Road to Site 39 would be eliminated and 177 Morrison Road would be
flooded.




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

. Road Private Vehicle Emergency Vehicle FHEAIE VERIEIs Er.nergency Prwate_MuItl- Threat to Direct Indirect Combined
Site . Access to Vehicle Access | user Driveway A Products
Crossings Access Access - - Life Damages | Damages
Facilities to Facilities Access
38 0.6 0.5 0.2 0.0 0.4 0.2 20.0 16.0 8.0 46.0




Table 4
Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event | Scale Category {Measure
Measure Driveway Flooding Starts/ or Frequency Importancef Weighting *
. . Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s Storm Event Frequency Modifiers Criteria Not Met | Modlfier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) (m) 2 5 10 | 25 50 | 100 | Reg | 2 5 10 | 25 50 | 100 | Reg | 2 5 10 25 S0 | 100 | Reg | 2 5 10 25 50 | 100 | Reg {2-100, Reg) (0.4-50) (1-10) Significance
38 Design Flood Criteria Collector 8 82.44 8178208622827 (827 (828|829 00|00 ]| 00|02 |[03]|04|04|00|00| 00| 08|08 o08]| 08 1 04 | 02 | 0.08]|004]002]|0.01| Collector/1:50-yr 0.04 2 0.6
38 Private Vehicle EMS Route 10 82.44 81.7| 820822827827 (828|829 00|00 |00]|02|03]|04|04|00|00|00]|]o08|o08]|08]o0s 1 04 | 02 ]0.08|004]0.02] 0.01 Reg 0.01 5 0.5
38 Emergency Vehicle EMS Route 10 93.47 927 [ 93.0) 985936937937 (936| 00| 00| 00| 02|03]|04|04|00[00|00]|07]|07]07] 06 1 04 | 02 | 0.08| 0.04 | 0.02| 0.01 None 0.0 6 0
38 Private Vehicle Acess to Facilities Partial 5 93.47 92,7 1930 | 935936937 (937(936| 00| 00| 00| 02| 03| 04|04]00|00|00]07|07]|07]| 086 1 04 | 02 | 008|004 |0.02]| 001 None 0.00 3 0
38 Emergency Vehicle Access to Facilities Partial 5 93.47 92.71930)935)|936)|937|937|936| 00 [00|00| 02| 03|04 04|00|00]00]07]|07]|07] 06 1 04 | 02 ]| 0.08|004]|0.02]| 0.01 Reg 0.01 7 0.35
38 Private Vehicle Driveway Access (Multiuser) Medium Vehicle Usage 6 93.47 92.7 1 93.0/935)936|937|937|936| 00 )| 00|00 ] 02]03]|04|04|00|00|00]|07]|07]|07] 06 1 04 | 02 | 008 0.04 | 0.02 0,01 Reg 0.01 4 0.24

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)

2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance



Table 5

Threat to Life Flood Criteria Evaluation

Site Downstream Flood Elovations (m) Rosktential Units Flooded (1) Industrlal Are (ha) Commerolal Area (ha) nstitutional (ha) fandilee De’,‘:"“.'t")’ CECiey People Endangered Storm Event Frequency Modiflers "

Normalized Evaluation Calegory

No. of Paapl Scale Imporance/

u“;i:g s:::nﬂ Measure | Significance (1-10) | Product
Shte No 2 5 10 25 50 100 Feg 2 5 10 25 s0 100 Reg 2 5 | 10| 25| 50100 Reg| 2 | 5 | 10| 2560 |100|Reg| 2 | 5 | 10| 25 | 50 | 100 | Feg [ Res| ind |Com| instn | 2 | s | 10 | 25 | 50 | 100 [Reg| 2 | 5 | 10 | 25 | 50 | 100 | Reg Multipliers W"#'I“o';'ﬂl" "g"DD'\"“z‘mm
- Day an
Usage)
38 8278 8275 8268 8259 8153 8161 8135 0 0 0 1 2 2 2 0 0 0 0 0 0 0 Q 0 o 0 0 0 Q 0 [} 0 Q 0 0 0 3 125 90 40 ] 0 0 3 [ 6 (] 50 20 10 4 2 1 a4 324 2 10 20

Evaluation Process

1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.

3 Determine number of people endangered based on land use population densities and flooding conditons. For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine normalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




Interpolated

Upstream 2 Dislance |Properly 2- Summarized
100/ Reg B Building Damage Basement First Floor
Flood E?ectlon from 100/ Reg Ftood Depth Cosls Flooding Flooding Frequency Damage
8 istance | Downstream Flood Costs
Elevations . ; (m) $) (Yes/ No) (Yes/ No)
Section Elevations ($)
(m) (m)

82.87 80 75.0 82.9 0.177725| 16467.62054 1 Q Reg| $33,584.48
82.84 80 75.0 82.8 0.1471| 16098.76803 1 aQ 100.00| $32,594.12
82.76 80 75.0 82.8 0.0671| 15173.74678 1 [¢] 50.00| $30,492.98
82,69 80 75.0 82.7 -100 0 o 0 25.001 $14,654.20
82.38 80 75.0 82.4 -100 0 e} 1] 10.00 $0.00
82.11 80 75.0 82.1 -100 0 0 a 5.00 $0.00
81.75 80 75.0 81.8 -100 0 0 0 2.00 $0.00

82.83 1 1.0 82.8 0.23]| 17116.85891 1 o

82.78 1 1.0 82.8 0.18] 16495.35587 1 0

82.68 1 1.0 82.7 0.08] 15319.22965 1 0

82.62 1 1.0 826 0.02| 14654.19846 1 0

82 53 1 1.0 82.5 -100 0 0 0

82.45 1 1.0 82.5 -100 0 0 0

82.22 1 1.0 82.2 -100 0 0 0

Reg 2 4]

100 2 0

50 2 0

25 1 0

10 o) 0

5 0 0

2 0 0

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endant



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

. , " . . I I Total Average Annual Present Wo:t h Category
Site Event | WSEL |Homes i?:g:::;t First Floor D:risaI::l\‘It:LIIe Industrial Area Dal:'l:;:t:/l::ue ComATeearCIal Dg?nr:;;e;:ﬁj e Inst:::l:nal D'::::gu;l\c;:ﬁ:e Direct Damage Damages 2007 (50;;:;54,) Mwe:isgt:te IrTlpc.:nance/
Value Direct Damages Damages Significance | Product
(Yn) (m) | (No) (No.) (No.) (%) (ha) (8) (ha) (%) (ha) %) (%) (%) %) (1-10) (1-10)
2 92.69 0 0 0 $0 0 0 0 0 0 0 $0
5 93.00 0 0 o} $0 0 0 0 0 0 Q $0
10 93.51 0 0 0 $0 0 0 0 0 0 0 $0
. 25 93.64 1 1 0 $14,654 0 0 0 0 0 0 $14,654 $1.539 $28,099 2 B 16
50 93.69 2 2 0 $30,493 0 0 0 0 0 0 $30,493
100 93.74 2 2 0 $32,594 O 0 0 0 0 0 $32.594
Reg 93.61 2 2 0 $33,584 0 0 0 0 0 0 $33,584 —
Indire-(l:-:, ItDazI:mage ‘?Z;,aer::aggee:r;r(‘);;l (5(: Yde:ar, f%) N\I;a.s l:‘rf In?:::tgaz?e/
Value Indirect Damages D;_ngl_;i;s €lg Significance | Product
Evaluation Process 6 ($) ($) (1-10) (1-10)
$0
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) $0
2 Determine flooding conditions that results in direct damages (separate spreadsheet - direct damages) $0
related to whether building is subjected to flooding or not 52,198 sz31 $4.215 2 4 8
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) $4,574
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages $4,889
5 Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% $5.038

for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages

Upstream :t;:::;ar::'
2-100/ Distance 2.100/
Reg Section from R Building Flood Depth Damage Costs Basement Flooding First Floor Flooding
Flood Distance | Downstrea FI:;JQ (m) $) (Yes/ No) (Yes/ No)
Elavations m Section
Elavations
(m)
(m)
82.87 80 75.0 829 0177725 16467.62054 1 a
82.84 80 75.0 828 0.1471 16098.76803 1 0
82.76 80 75.0 828 0.0671 15173.74678 1 a
82.69 80 75.0 82.7 -100 Q a a
82.38 80 75.0 82.4 -100 0 0 a
82.11 80 75.0 821 -100 0 0 o
81.75 80 75.0 81.8 -100 0 0 0
82.83 1 1.0 82.8 0.23 17116.85891 1 (4]
82.78 1 1.0 a2.8 0.18 16495.35587 1 ]
82.68 1 1.0 82,7 0.08 15319.22965 1 0
82.62 1 1.0 82.6 0.02 14654.19846 1 0
82,53 1 1.0 82,5 -100 0 0 0
82.45 1 1.0 825 -100 0 0 4]
82.22 1 1.0 82.2 -100 0 Q 0
Reg 2 0
100 2 ¢
50 2 [¢]
1 0
0 0
0 0
0 0

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

Summarized Damage
Frequency Costs )

Reg $33,584.48

100.00 $32,594,12

50.00 $30,492.98

25.00 $14,654,20

10.00 $0,00

5.00 $0.00

2.00 $0.00

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations
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Site #39 (MORR0338M) Implementation Program

Recommended Management Approach/Project Scope:
* Flood control upstream of site (See Site 33)
* __Upgrade Morrison Road crossing by twinning existing 3.6 m by 1.8 m box culvert (Site 38)

Appropriate Lead for Undertaking:

o Timing and phasing as per Town of Oakville Capital Works Program based on priority ranking
established herein.

Governing Protocol Legislation:

° Town of Oakville’s Policies and protocols

. Conservation Halton’s Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Regulations

° Ministry of Natural Resources Lakes and Rivers Act

° Department of Fisheries and Oceans Fisheries Act

° Ministry of Environment Water Taking (required for damming and pumping operations)

Approval Requirements:

° Town of Oakville

° Conservation Halton Development; Interference with Wetlands and Alteration to Shorelines and
Watercourse Permit

° Regional Municipality of Halton for water and wastewater servicing alterations

° Ministry of Environment Permit to Take Water (should dam and pumping for creek diversion or
dewatering be required)

. Potentially Department of Fisheries and Oceans (i.e. should a Harmful Alteration Disruption or
Destruction (HADD) be identified to occur based on the proposed works)

o Input from Utility companies for utility locations

® Home owner’s approval for flood proofing

Need for, and Scope of Follow-Up Assessment/Analysis:

° Class Environmental Assessment for assessing feasibility of upstream flood control controls

° As part of the EA

o Hydrologic modeling refinement
o Hydraulic modeling refinement

o Vegetation assessment

o Fisheries assessment

o Natural channel design assessment

o Approval process with private land owners

° Detail design of flood control facility based on Class EA

° Revision to hydraulic modeling at Site 39and assessment of reduced flows on flood impacts

° Topographic survey of crossing and creek to facilitate hydraulic modeling and detail design

° Hydraulic modeling of Site with proposed culvert addition once potential flood control upstream
determined

Suggested Timing, Need for Phasing:

. Timing of project dependant on Capital Works Program budget and priority of project within the
Program.

Possible Implementation Issues:

° Private land owners consent to proposed grading

° Town of Oakville potential easement requirements

° Vegetation loss, requiring mitigation

® Home owner’s approval for flood proofing

Possible Monitoring Requirements:

o Potentially Department of Fisheries and Oceans monitoring requirements

Need for Maintenance:

° Potential vegetation replacement and seeding

° Potential creek stabilization resulting from local grading impacts

e Crossing maintenance




Site #39 (MORR0338M) Implementation Program

Potential Interface with Other Town/Agency Programs:

e To be discussed/ determined with the Town of Oakville and Conservation Halton
° Potential opportunities with Town’s Creek Erosion Study and road work

° Potential projects already identified by Conservation Halton

Other Funding Opportunities:

e To be discussed/ determined with the Town of Oakville and Conservation Halton
e Canada/ Ontario Municipal Renewal Infrastructure Fund

° Others




Site #39 (MORRO0338M) Specific Flood Management Alternative Assessment

Data/ Information:

Flooding mechanisms:

* Channel/floodplain capacity just under the Regional flow of 20.6 m*/s
* Spill across Morrison Road from Site No. 38

Screened Alternatives:

* Floodplain/channel improvements — system is natural and exhibits good grading —
improvements would not provide substantial reduction in flooding

* Flood proofing of 177 Morrison Road

* Spill reduction at Morrison Road

Preferred Management Approach:

* Flood proofing of 177 Morrison Road, topographic survey required to verify building
elevation and flood proofing required following spill reduction/elimination
* Spill reduction — see Site No. 38

Potential Linkage to Adjacent Sites:

* Site 38 and 39 are linked due to spill over Morrison Road




Table 7

Summary of Site Evaluation Results

Catergory Evaluation Products

. Road Private Vehicle Emergency Vehicle Frivate Vehicie Er.nergency Prlvate. Multi- Threat to Direct Indirect o
Site . Access to Vehicle Access | user Driveway - Products
Crossings Access Access - — Life Damages | Damages
Facilities to Facilities Access
39 0 0 0 0 0 0 0 0 0 0




Table 4
Road Flooding Flood Criteria Evaluation

Evaluation Product
Road/ Storm Event Storm Event | Scale Category (Measure
Measure Driveway Flooding Starts/ or Frequency Importance/ Weighting *
) ) Evaluation Scale Measure Weight Elevation Flood Elevations (m Road Flooding Depth (m) Flow Velocities (m/s Storm Event Frequency Modifiers Criteria Not Met | Modifier Selected| Significance Storm
Site No Evaluation Scale Criteria
Frequency
(Road Classification/ Storm Modifier *
frequency) Category
(4,6,8,10) {m) 2 5 10 25 50 | 100 [ Reg | 2 5 10 | 25 50 | 100 | Reg | 2 5 10 25 50 | 100 | Reg | 2 5 10 25 5C | 100 | Reg {2-100, Reg) (0.4-50) (1-10) Significance
39 Design Flood Criteria Arlerial 10 80.08 77.0 | 771 | 773|774 | 775|776 | 777 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 04 0.2 |1 008|004 0.02]0.01 None 0.0 2 0
39 Private Vehicle EMS Route 10 80.08 770|771 | 773|774 | 775|776 | 77.7| 0.0 0.0 Q.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.4 0.2 | 0.08 | 0.04 | 0.02 | 0.01 None 0.0 5 0
39 Emergency Vehicle EMS Route 10 80.08 770 771|773 774|775 | 776|777 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.4 02 | 008|004 0.02| 001 None 0.0 6 0
39 Private Vehicle Acess to Facilities None 0 80.08 770|771 | 773|774 | 775|776 | 777 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 1 0.4 02 | 008|004 0.02] 001 None 0.0 3 0
39 Emergency Vehicle Access to Facilities None 0 80.08 770|771 | 773 | 774 | 775|776 | 77.7 | 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.4 0.2 | 0.08 | 0.04 | 0.02] 0.01 None 0.0 7 0
39 Private Vehicle Driveway Access (Multiuser) NA 0 80.08 77.0 1771 773|774 | 775|776 | 777 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.4 0.2 | 0.08]0.04]0.02] 001 None 0.0 4 0

Evaluation Process

1 Determine road crossing classification, whether urban local, collector etc. and then determine the appropriate design storm criteria (2-100, Regional)

2 Apply appropriate Evaluation Scale Weight (1-10), (ref. Table 1), i.e. Level 1 Roads have a Measure Weight of 10.

3 Determine lowest road elevation at crossing

4 Determine flood elevations for the 2-100 year storm events and Regional storm Hurricane Hazel

5 Calculate road crossing flow depths and flow velocities for all storm events that result in road flooding

6 For Evaluation Scale Criteria (Design Flood Criteria), determine for which storm event flooding occurs and the appropriate road design storm criteria

7 For the Evaluation Scale Criteira (Design Flood Criteria), determine the appropriate Storm Event Frequency Modifier for the Design Flood Evaluation Scale Criteria (0.4-50)

8 For the Design Flood Evaluation Scale Criteria calculate product of the Evaluation Scale Measure Weight, Stom Event Frequency Modifier, and the Evaluation Scale Catergory Significance

9 For both Private and Vehicle Passage, determine what storm event flooding conditions commence that prevent vehicle passage for the crossing, and then apply the appropriate Storm Event Frequency Modifier
10 For private and emergency vehicle access to government facilities determine if flooding conditions preclude access based on flooding depth and velocities
11 For Private vehicle driveway access to muilt-user land uses (schools, malls etc.) determine flooding depths and velocities at driveway entrance to property
12 For both Private and Vehicle Passage Evaluation Scale Criterion, calculate the product of the Evaluation Scale Measure Weight, Storm Event Frequency Modifier and the Evaluation Scale Category Significance



Toble 5
Threal to Lite Flood Criterla Evaluation
Sita Downstream Flood Elevations {m) Rendariial Unfts Flooded () Industrinl Aren {1va) Carimerelal Arod (Hia) uvstitutionat (tva) Land es D":":;' Lol Propie Endaigeted S1orm Event Froquoncy Modtlers e
fied Evatuation Category
",;w‘:,' Bcale Importance!
Ui‘lnpﬁlnﬂnl Measure | Significance (1-10) | Produal
Site No 2 3 1o 25 50 100 Rag 2 5 10 25 50 100 Fog 2 S (1w |25 [ 50 | w0 (Reg| 2 | 5 | 10| 25 | S0 | 100 Aeg| 2 & [ 10 |25 | 80 | 100 | Aeg [ Res | Ind [Com| tneti 2| 5 || 25 |50 | 100 |Reg| 2 5 | 10| & | 50| 100 Feg | pudriptiors de:'lol;-u(b “L?-Df:lv_l-':::“
* Y |
Usaga)
29 7598 3 EE] 7142 kT 70 wes | o o ) o 0 o o o Jejofoefofolojofolo)efofoflo|lofo|oe|[o]le|o]o|a]|]w|ow| 90 |Jo|lo|lae|lo|o|ae|ol|lwm|am|w]|se]lz]li]|os]l o 0 0 o

Evaluation Process
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet - direct damages ref. below)
2 Determine flooding conditions that results in life endangerment (separate spreadsheet - direct damages). Note that for residential units, life endagerment has been included if the basement has been predicted to flood.
3 Determine number of people endangered based on land use population densities and flooding conditons. For residential -= 3 people/home for Non Residential related to building size (ref. Table 5)
4 Determine number of people endangered for each storm event. Apply appropriate Evaluation Scale Measure Weight for that frequency event based on the number of people endangered
5 Determine noermalized number of people endangered for all storm events using the Storm Event Frequency Modifiers multiplied by number of endangered people for each respective storm

6 Apply adjustment factor (Value of Step 5 divided by 10)
7 Determine the product of the Ajusted No. of People times Measure Weight and the Evaluation Scale Category Significance




o Downstream [Upstream 2| Interpolated S .
P LU Lowest 2-100/ Reg 100/ Reg ’ Digtaces: | Property 2- Building Damage Basement | First Floor ummarized
Building No F'°°T FIOOF Opening Flood Flood S'SCYIOFI frem 100/ Reg Flood Depth Costs Flooding Flooding Frequency Damage
Elevation Elevation . ! Distance | Bownslrearm Flood Costs
(m) Elevations | Elevations ; (m) () (Yes/ No) (Yes/ No})
(m) (m) Section Elevations ($)
(m) (m) )

1268 Cambrid 81.3 789 80.7 78.31 78,31 1 1 78.31 -100.00 $0.00 0 0 Reg $0.00

1268 Cambrig 81.3 789 80.7 78.2 78.2 1 1 78.20 -100.00 $0.00 0 0 100 $0.00

1268 Cambrig 81.3 78.9 80.7 78 78 1 1 78.00 =100.00 $0.00 0 0 50 $0.00

1268 Cambrid| 81.3 78.9 80.7 77.72 77.72 1 1 77.72 =100.00 $0.00 0 0 25 $0.00

1268 Cambrid 81.3 78.9 80.7 77.49 77.49 1 1 77.49 ~100.00 $0.00 0 0 10 $0.00

1268 Cambrig 81.3 789 80.7 77.32 77.32 1 1 77.32 +100.00 $0.00 0 0 5 $0.00

1268 Cambrid 81.3 78.9 80.7 7713 77.13 1 1 7713 -100.00| $0.00 0 0 L $0.00
1249 Lakeshd 82.1 79.7 81.5 79.12 79.64 140 118 79.56 -100.00 $0.00 &) 0
1249 Lakeshd 82.1 797 81.5 79.05 79.63 140 118 79.54 -100.00 $0.00 0 0
1249 Lakeshd 82.1 79.7 81.5 78.87 79.58 140 118 79.47 -100.00 $0.00 0 (1]
1249 Lakeshd 82.1 79.7 81.5 78.64 79.56 140 118 79.42 -100.00 $0.00 0 0
1249 Lakeshg 82.1 797 81.5 78,27 79.5 140 118 79.31 -100.00 $0.00 0 1]
1249 Lakeshd 821 79.7 81.5 77.84 79.46 140 118 79.21 +100.00 $0.00 0 0
1249 Lakeshq 82,1 797 81.5 77.74 79.43 140 118 79.16 -100.00 $0.00 0 0
169 Morrison 83.4 81.0 828 81.36 81.82 80 1 81.37 =100.00 $0.00 [¢] 0
169 Morrison 834 81.0 82.8 81.3 81.75 80 1 81.31 -100.00 $0.00 o] 0
169 Morrison 83.4 810 82.8 81.19 81.61 80 1 81.20 -100.00 $0.00 [ 0
169 Morrison 834 81.0 82.8 81.06 81.58 80 1 81.07 =100.00 $0.00 Q 0
169 Morrison 834 81.0 82.8 80.89 81.4 80 ] 80.90 -100.00 $0.00 1] 0
169 Morrison 83.4 B1.0 82.8 80.75 81.19 80 1 80.76 -100.00 $0.00 0 0
169 Morrison 83.4 81.0 B82.8 80.6 80.99 80! 1 80,60 -100.00 $0.00 0 0
177 Morrision 82,5 80.1 81.9 81.36 81.82 80 70 81.76 -100.00 $0.00 0 0
177 Morrision 825 B0.1 81.9 81.3 81,75 80 70 81.69 -100.00 $0.00 a 0
177 Morrision 82.5 80.1 81.9 81.19 81.61 80 70 81.56 -100.00 $0.00 a 0
177 Morrision 825 801 81.9 81.06 81.58 80 70 81.52 -100.00 $0.00 0 0
177 Morrision 82.5 B0 819 80.89 81.4 80 70 81.34 -100.00 $0.00 0 0
177 Morrision 825 80.1 81.9 80,75 81.19 80 70 81.14 -100.00 $0.00 1] o
177 Morrision 82.5 801 81.9 80.6 80.99 80 70 80.94 -100.00 $0.00 Q o
185 Morrision 82.9 B80.5 82.3 81.36 81.82 80 70 81,76 -100.00 50.00 0 0
185 Morrision 82.9 80.5 82.3 81.3 81.75 80 70 81.69 -100.00 $0.00 0 0
185 Morrision 829 BO.5 82.3 81,19 81.61 80 70 81.56 -100,00 $0.00 0 0
185 Morrision 829 B0.5 82.3 81.06 81.58 80 70 81.52 -100.00 $0.00 0 0
185 Morrision 829 80.5 82.3 80.89 81.4 80 70 81.34 -100.00 $0.00 0 0
185 Morrision 829 BO.S 82.3 80.75 81.19 80 70 81,14 -100.00 $0.00 0] Q
185 Morrision 82.9 80.5 82.3 80.6 80.99 80 70 80.94 -100.00 $0.00 0 o
Reg 0 o
$100.00 0 0
$50.00 0 0
$25.00 o [¢]
$10.00 0 0
$5.00 0 1]
$2.00 0 Q

1 Determine flooding elevations for all storm events at buildings that potentially flood

2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-

3 Determine basement floor elevation by substracting 2.44m from the first floor elevation

4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)

5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms

6 Determine the number of people endangered by flooding: 3 people for residential based the building incurring flooding, other land uses require certain flood depths and velocities for life endan



Table 6

Flooding Damages Evaluation Scale Category: Site Assessment

Present Worth
" - . Total Average Annual Category
Site Event | WSEL |Homes ?:Tseg;enl First Floor D: eslder‘;u:rl Industrial Area | \;"; G i DP V""I“ S lnst:.utinnal Dl:smullgnlat:& Direct Damage Damages 2007 ( 50;:::15%) “:::f ":_lrte Importance/
ooding mage Value amage Value rea amage Value rea mage Va Value Direct Damages g Slgniﬁcance Product
__Damages
) | (m) | (No) (No.) (No.) ) (ha) ) (ha) ) (ha) ®) ) () ) (1-10) (1-10)
2 9269 ] o [i] 0 a [1] /] a 1] o 30
5 93.00 1] o 0 50 ] 1] 1] 0 ] 1] 50
10 435 0 0 2 50 '] o (1] 1] 4] [1] 50
n 25 3,64 0 o 3 50 0 0 0 o 0 o s0 b so 4 § 3
50 83.69 ] 1] 3 50 ] 4] 0 0 1] 1] 30
100 63,74 (1] ] B 50 0 ] 1] 0 [ o S0
R\ﬁ 93,61 0 0 22 S0 0 ] 1] 1] 0 ] 50
= resent Worth
Total Average Annual (50 Year, 5%) | Measure Category
Indirect Damage Damages 2007 Importance/
Value Indirect Damages indlrgct Weight Significance | Product
Damage;
Evaluation Process (s) (s) (s) (1-10) (1-10)
50
1 Determine flooding conditions for all buildings within the site, depth of flooding and velocities (separate speadsheet) s0
2 Determine flooding conditions that results in direct dam ages (separate spreadsheet - direct damages) 50
related to whether building is subjected to flooding or not 50 so s 0 : :
3 Determine The Total Value for Direct Damages and Indirect Damages (15% of Direct Damages) 50
4 Determine Average Annual Damages (AAD) for Direct and Indirect damages 5
S Determine Present Value based on AAD and Engineering Lifetime of 50 Years and Discount Rate of 5% s0
for Direct and Indirect Damages (for information purposes only)
6 Determine the product of the Measure Weight and the Evaluation Scale Category Significance for Direct and Indirect Damages
[
Finished 2- Interpalated Propan
'E":; Flo?;sEelmveanl:on é.o:@tsk 1?)10/ Reg |Upsiream  2-100/ Reg| Seclion Disl Distance from mp;’-:ﬂ(! Rag v Building Flood Deplh Damage Cosls Basemenl Flooding First Floor Flooding Surmmarized Damage Cosls
I.’Iu(vn;lou (':) p(':)mg Flood | Flood Elevations (m) SRR cance Downslream Seclion | Flood Elevations {m) ($) (Yes/ No) (Yes/ No) (%)
) E {m)
Freg ,
GE| 78.8616 BO.7 m'.-'a.a! 78.31 1 ~100.00 0 oci $0.00 g — Feg |
81.3 78.8614| 80.7| 78.2 7B.2 1 -100.00 0.0} $0.00 al 100 L1
a1.3| 78.8618 BO.7| 78.0 78 1 -100.00 0.00| $0.00 o 50 a
81.3] 78.8618 80.7] 777 77.72 1 -100.00 0.00] $0.00 [¢] 25 a
81.3 78.8616 80.7 77.5] 77.49 1 -100.00) 0.00] $0.00 a, 10 ]
a1.3 78.8616 807 773 77.32 1 -100.00 0.04] $0.00) Q) 5 o
81.3 78.86146| 80.7 771 7713 1 -100.00) 0.00 $0.00) [1] 2 1]
82.1 79.6616| 8.5 79.9 7064 140 -100.00| 0.00, $0.00 1]
821 79.6616] 0.5 79.1 79.63 1440, -100.00 0.00] $0.00 0
821 79.6616] 1.5 78.9] 79.58 144 -100.00 0.00] $0.00 o)
821 79.6616]| B1.5] 78.6 79.56 140 -100.00| 0.00! $0.00 a
821 79.6616 B1S 76.3, 79.5 140 -100.00| 0.00 $0.00 4]
82.1 79,6814 815 77.8 79.48 140 -100.00| 0.00] $0.00 o
821 79.6616) 81.5 77.7 79.43] 140 -100.00| 0_0_(}1 $0.00 0
B34 809616 B2.8 814 81.82 a0 ~100 00y 0.00 $0.00) 0
83.4 809616 82.8 813 8175 80| +100.00 0.00 $0.00] a
83.4 B0 9616 82.8 812 81.61 80| 100,00 0.00 $0.00 Q)
834 809614 828 811 81.58 80| =100.00 0.00] $0.00 ol
83.4 80.96146; 82,8 B0.9 814 a0 =100.00 0.00; $0.00 0l
83,4 80.9616 82,8 80.8, 81.19 80 =100.00) 0.04 $0.00 al
83.4 80.96146 82 8 80.8| B80.99 B0 =100.00) 0.00] $0.00 a
825 BOO61E 81.9 81.4] 681,82 84 -100.00| 0.00| $0.00 a
82.5 80.0616 1.9 B1 3| B1.75] 80 =100.00) 0.00| $0 00| 0
82.5 80.0616] 819 81.2 81.61 80, -100.00 0.00 $0.00 g
82.5 B0.0616 21.0 811 81.58 el -100.00 0.00 $0.00| 0
82.5 80.0611) £1.9 809 81.4 80| =100.00 0.00 $0.00) 0|
82 5 80.0616 B1.9 Bo.8 B81.19 80 <100.00 0.00; $0.00 o)
82.5 B80.0616 E 80.6) B80.99 80 -100.00) 0.00] $0.00 0]
a249 80.4616 E 81.4) 81.82] 80 -100.00)| 0.00] $0.00 0
828 80.4616, 82.3 81.3] 81.75] aa -100.00 0.00 $0.00 a
828 80,4616 82.43 B1.2] 81.61 8a -100.00| 0.00] $0.00 a
828 80.4616| 82.3 81.1 a1 58| 8a -100.00| 0.00] $0.00 0
82.9 80.4616| 82.3 80.9 681.4 80 -100.00 0.00| $0.00| 0
82 4| 80,4616 82.3] 80.4 8119 80| -100.00 0.00 $0.00 0
826 80.4616| 823 80.6 80.99| B0 -100.00 0.00 50,00/ [1]
Reg| $0.00 Q
100.00; $0.00 Q)
50.00] $0.00 Q)
25.00 $0.0Q Q
10.00| $0.00) a
500 $0.00 a
2.00 $0.00) 0

1 Determine flooding elevations for all storm events at buildings that potentially flood
2 Determine first floor elevation by reviewing topographic mapping elevations at building footprint and add 0.5m +/-
3 Determine basement floor elevation by substracting 2.44m from the first floor elevation
4 Determine basement window opening elevation by adding 1.83m to basement floor elevation (lowest opening, except if building has a walkout or is not residential land use)
5 Determine flooding depths based on lowest opening elevation and flooding elevations for all storms
6 Determine flooding damages for each return period based on the flooding depths and damage curve equations
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Lower Morrison Creek Photo Log (October 2016)

7.3mx 1. 1m Conc Arch Culvert Stat|on 120 4545 B 4 D/S Face of Chartwell Road Twm Conc Box 3. Om X1 9m Station 176 7459
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3:D/S Face of Linbrook Roa



Lower Morrison Creek Photo Log (October 2016)




Lower Wedgewood Creek Photo Log (October 2016)
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3:DIS Fédé of Wedgewood Drive 5.5m x 1.5m CSP Art‘:, Station 675.4334 4: Bridge at Weaver Avenue Pedestrian Bride . x 14.1m, Station 1.446



Lower Wedgewood Creek Photo Log (October 2016)

7:U/S Face Duncan Road culvert CMP Ellipse 2. 45m x 1. 8m, Stat|on 1844 065 8: U/S Face Drummond Road CSP Arch 1. 15m x 1.7m, Station 263 7177



Lower Wedgewood Creek Photo Log (October 2016)
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Lower Morrison/Wedgewood Creeks - 1993 Update Erratum No.1

ERRATUM No. 1

A study was undertaken to update the sites and priorities for implementation of
erosion control works that were identified in the Lower Morrison/Wedgewood Creeks
- Flood, Erosion and Master Drainage Plan Study. The Study Update involved an
erosion site inventory and development of numerical ratings for each erosion site.
This Erratum presents the ratings and the priorities for each erosion site along the
Lower Morrison/Wedgewood Creeks.

IT IS RECOMMENDED THAT THE RATINGS DEVELOPED DURING THIS STUDY
UPDATE REPLACE THE PRIORITIES ASSIGNED DURING THE MASTER
DRAINAGE PLAN STUDY. A HIGH RATING INDICATES THAT EROSION
CONTROL WORKS SHOULD BE IMPLEMENTED BEFORE AN EROSION SITE
WITH A LOWER RATING.

A procedure was developed to assigh a numerical rating or value to each erosion
site. The maximum rating for any site is 20 and the minimum value is five (5). The
rating procedure developed during this Study is expected to yield more consistent
results when evaluating erosion sites than the subjective procedures used in the
Master Drainage Plan Study. Ratings for each of the streambank erosion sites are
shown in Tables Err.1 and Err.2.

A detailed report of the streambank erosion inventory and analyses undertaken
during the Study Update was provided under separate cover to the Corporation of
the Town of Oakuville.

EWRG 94.03 ~ Final Err-1
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Site Location

100 m upstream of
Maple Avenue

Adjacent to Cedar
Grove Boulevard

Balmoral Place

160 m upstream of
Morrison Road

30 m upstream of
Morrison Road

Morrison Road

Lakeshore Road East

Table ERR.1 LOWER MORRISON CREEK EROSION INVENTORY SUMMARY

Site Type of
Number Erosion

l bank
J toe

K bank
L toe

M bank
N bank
(o) bed

Extentof
Erosion

shape undercut
length 20 m
width 2m

shape bluff
length 45 m
width 6m

shape rect.
length 10m
width 2m

shape biuft
length 160 m
height 4m

shape undercut
length 20m
width 2m

shape rect.
length 1m
width 1.5m

shape rect.
length 35m
width 4m

Consequences
of Fallure

loss of land.

loss of land.

loss of storm drain
outiet.

loss of buildings,
loss of tand,
imminent risk.

loss of land.

loss of erosion
protection.

loss of culvert

(footings exposed).

Remedial
Measures

provide erosion
protection.

remove trees,
protect toe to
promote undergrowth.

repair drain outiet and
provide srosion
protection.

construct retaining
wall.

construct retaining
wall.

extend protection (a)
and key into bank (b).

protect footings.

Rating

14
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Table ERR.2 LOWER WEDGEWOOD CREEK EROSION INVENTORY AND REMEDIAL MEASURES

Site

Site Location Number

Watercourse realignment, A
north of QEW

Comwall Road B

150 m downstream of (o]
Comwall Road

Devon Road D

60 m downstream of E
Devon Road

150 m upstream of F
Wedgewood Drive

180 m upstream of G
LLakeshore Road East

20 m downstream of H
Lakeshore Road East

Type of
Erosion

sheet/rill
under
construction.

bank/bed

existing rip
rap displaced.

bank/toe

frost heaved
concrete

toe

bank

bank

deteriorating
channel
protection.

Extent of
Erosion

shape
length

trap.
200m

width 10m

shape
length

trap.
50m

width 4 6m

shape
length

bluff
30m

height 4m

shape
length

trap.
iém

width 12m

shape
length

shape
length
height

shape
fength

bluff
75m

undercut
30m
2m

undercut
30m

width 2m

shape
length

rect.
var.

width 2m

Consequences

of Fallure

loss of land.

culvert washout.

loss of land.

loss of access road.

loss of land.

loss of swimming
pool.

loss of land.

Remedial
Meastures

seed and muich.

replace riprap with
‘massive or anchored
protection.

massive, anchored flexible
system also slope
protection, removal of trees
and stabilize siope.

monitor erosion. replace
retaining wall on south
bank & stabilize north
bank. :

monitor to identify when
protection is required.

construction of retaining
wall (a) & (b).

monitor to determine if
and when a retaining wall
will be necessary.

recommend examination
for integrity and
reconstruction.

Completed

Completed

14
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Lower Morrison/Wedgewood Creeks Flood, Erosion and MDP Summary

SUMMARY

Development pressures within the Lower Morrison and Lower Wedgewood Creeks
necessrtated that ﬂoodmg and erosron be |dent:ﬁed and remedral measures recommended
before develc,.,ment could proceed. '

The Town of Oakville requested that a Study carry out the following:

. prepare Flood Ptarn Mappmg ofthe Lower Morrison and Lower Wedgewood
o 'Creeks, . _
. anerosion rnventory, |

. a hydrologrc/hydraullc;an_alyses;

. determine impacté of future development; and
. identify and recommend remedra! measures to mrtrgate potentra! ﬂoodmg

and erosion.

o The Study was carried out under the gurdance of a Project Adm'ms"auon Team; o

comprised of individuals. from the Town of Oakville, the Halton Region Conservationg
Authority, Environment Canada and Pro Urban Developments |

'The Study was conducted using the Canada/Ontano Flood Damage Reduction Program
standards. Funding was provrded by the Corporation of the Town of Oakvrlle Pro Urban
Developments Limited and Markborough Propertres lncorporated

R. V. Anderson Associates Limited was retained to carry out the Study with Bennett &
Norgrove Limited producing the topographic mapping and Gartner Lee Limited
conducting the erosion inventory.

The Flood Plain Mapping identified 26 potentially flooded buildings within the Regulatory
Flood Plain along Lower Morrison Creek and potentially 42 buildings along Lower
Wedgewood Creek.

RVA 2144/93.01 Final SUM - 1



. Summary Lower Mbrrlson/Wedgewood Creeks Flood, Erosion and MDP .

The erosion inventory identified only one (‘!) site which endangered two (2) private
residential buildings that should receive immediate attention. Two (2) additional sites

SUM - 2 Final RVA 3144/93.01
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Table 5.1 RECOMMENDED FLOOD AND EROSION CONTROL WORKS

Location Watercourse Priority Works - - Ownership Type of
Lower Morrison/Wedgewood Creeks LM/WC high. - SWM Policy o
Morrison Road - 160 mu/s 'L Morrison . -~ ‘high™ -7 - U retaining wall - private erosion
Lakeshore Road East - 180 mu/s L. Wedgewood  high -~~~ monitor - . private erosion
60 m d/s of Devon Road - L. Wedgewood - .high' - - monitor - - private erosion
north of QEW L. Wedgewood . - high:- - " - ‘gseed and mulch . private erosion
Lakeshore Road East : L. Morrison medium- - - protect footings ;. public erosion
Balmoral Place L. Morrison modlum * - repair-drain outlet - public efrosion
Lakeshore Road East L Morrison fow- .~ floodproof 1 bullding - private flood
Morrison Road * L Morrison dow .- floodptoof 5 buildings .- private fiood
Morrison Road - L Moriison . low: . ‘eroslon-protection - . .. public -erosion
Morrison Road - 30 m upstream © L Morrison - Clow - grosion protection 2 private erosion
Cedar Grove Boulevard ‘L Morrison™...*-low - . ‘remove trees, protect toe - private erosion
Chartwell-Linbrook Road L. Motrison How . - ““floodproof 3 buildings - - private . fiood
Maple Avenue ‘L. Morrison low . floodproof 12 buildings private flood
Maple Avenue - 100 m u/s : - L. Morrison fow - " -erosion protection “private erosion
CN Railway Spur Line ‘L. Morrison tow . ,.ﬂoodproof 3 bulldings ~private fiood
Chartwell Road - East Branch L. Morrison . - . low" " fioodproof 2 buildings L private flood
Lakeshore Road East ’ Lk WGdgewoodj- Clow: i .. -floodproot 1 building .- - private flood
Lakeshore Road East- 20 md/s L. Wedgewood - low' L gtractural: oxamlnnﬁon B .‘,fpubllc _ erosion
Wedgewood Drive - d/s : L. Wedgewood - low. - o enlargepark & Wodgowood “public’ - flood
Wedgewood Drive - u/s . Wedgawood D low - 7-fioodproot-4 bulldings- pﬂvm flood
Wedgewood Drive - 150 m u/s ‘L. Wedgewood ~  low . - . retaining wall < private . erosion
Devon Road , sl Wodgewood. o low - enlarges Devon Ad. eutvort pubne & private  flood
o oo ._.&‘ﬂoodpmofabulldings et .
Amber Crescent L Wedgawood fow - " _v:onlarge Ambor eulvm flood
Cornwall Road - 150 m d/s S Wedgawood" o low: L erasion protection . erosion
Cornwall Road v © ks Wedgewood - low: U Treplace dprap : erosion
Duncan Road : L Wedgawood L loW . - enlatge Durican. Rd eulvert publlc & private  flood
' Lo . & floodproof 1 bulldlng o
Duncan Road - u/s B Wedgewood_-;.» low -~ floodproof 1 bullding - private "~ flood
Canadian Road " L Wedgewood - low “floodproof 1 building “private flood
Drummond Road . b Wedgewood_ ow - - enlarge Drummond: Ad. cul publlc"& private  flood
’ _ SR ©. - ‘&ifloodproof 4 bullding
Morrison Road - ‘L_.“Wedgewb‘od ow L :ﬂoodproof 5bulldings '. pdva'te flood
TOTAL
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Hydrologic Analysis

3.0 HYDROLOGIC ANALYSIS

3.1 General

A hydrologic analysis of the watersheds is required to determine peak flow rates at points
of interest within the basin. These flow rates are needed in the subsequent hydraulic
analysis for determining water levels. Methods used to estimate peak flow rates include:

. frequency analysis of a station’s recorded flood flows;
. regional flood frequency analysis; and
. rainfall/runoff simulation.

The most accurate and preferred method of generating peak flow rates would be a
frequency analysis of a station’s recorded flood flow i'ates. Stations with a sufficient period
of record would have to be located at the points of interest and the upstream land use
would have remained constant over the period of record. The single station frequency
analysis cannot be used because no stations are located within the Lower
Morrison/Wedgewood Creeks’ watersheds. |

The second most appropriate method would be a regional flood frequency analysis. Three
(3) methods have been developed to determine peak flow rates from mostly
rural/undeveloped watersheds. However, the Lower Morrison/Wedgewood basins are
mostly developed. Regional flood frequency analysis cannot consider land uses different
from the basin from which the procedures were developed. Also regional flood frequency
analysis cannot consider changing land use within the study basin.

The rainfall/runoff simulation method was chosen to calculate peak flow rates from the
Lower Morrison/Wedgewood basins. The three (3) regional flood frequency analysis
methods developed by Environment Canada (Index Flood Method and Regression
Analysis) and the Ministry of Natural Resources (Regression Analysis) were used to check
the peak flow rates developed from the rainfall/runoff simulation.

RVA 3144/93.01 Final 3-1



Hydrologic Analysis Lower Morrison/Wedgewood Creek Flood, Erosion and MDP

3.2 Methodology

The process used to calculate peak flow rates for the Lower Morrison/Wedgewood

Creeks included the following steps:

. select a rainfall/runoff simulation model appropriate for the study area;

. collect data and build mode! input files;

. calibrate the model;

. use the 100 year design storm to perform a sensitivity analysis of

appropriate model input parameters;

. calculate peak flow rates for the Regional, 100 year, 50 year, 20 year, 10
year, 5 year and 2 year return period storms for existing and future land use
conditions; and |

. check peak flow rates using Environment Canada’s Index Flood Method,
Regression Analysis and the Ministry of Natural Resources’ Regression
Analysis Method.

3.3 Simulation Model
The rainfall /runoff simulation model OTTHYMO was used for determining peak flow rates.

OTTHYMO is basically the hydrologic model, HYMO, with the following capabilities
implemented by the University of Ottawa:

. urban basin runoff calculation;

. rural basin runoff calculation using the Nash method;
. variable initial abstraction; and

. closed conduit runoff routing of runoff.

3-2 Final RVA 3144/93.01
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Hydrologic Analysis

The urban runoff calculation method was developed at the University of Ottawa and uses
a two paraliel linear reservoir model. The Nash method, published in 1957, calculates
runoff from natural/rural basins. The original HYMO natural/rural runoff calculation
method of J.R. Williams, which uses a two (2) parameter gamma distribution and
recession constant, is included in OTTHYMO.

The University of Ottawa (OTTHYMO) urban runoff calculation method (URBHYD), which
is the only urban hydrograph method, was applied to the areas of the Lower
Morrison/Wedgewood Creeks.

Input required by OTTHYMO includes the following:

. design storm hyetograph;
. basin physical characteristics; and
. travel time and flow depth between points of interest along the watercourse.

The physical characteristic input data required for this study are specifically:

. drai'nage area;

. directly connected impervious : total basin area ratio;

. total impervious : total basin area ratio;

. depression storage and linear storage coefficients for pervious and

impervious areas; and

- runoff curve number.

The Lower Morrison/Wedgewood Creek basins were sub-divided for specific points of
interest and hydrologic characteristics. The resulting sub-basins are depicted in Figure
3-1. Schematic diagrams of the OTTHYMO procedure are given in Figures 3-2 and 3-3
for the Lower Morrison Creek and Lower Wedgewood Creek, respectively.

RVA 3144/93.01 Final 3-3



Hydrologic Analysis

Lower Morrison/Wedgewood Creek Flood, Erosion and MDP

XIMP=24%

M8
DA=98.0 ha
TIMP=64%
XIMP=57%

Minor (2 m/s)

Legend

Compute Hydrograph

M6 = Basin Number

DA = Drainage Area, ha

TIMP = Basin Total Iimpervious
Area (percent)

XIMP = Basin Di Connected
Impervious Area (percent)

+
+ Add Hydrographs
M6 soute‘)_ Hy(tirl;ograph through M6
. L = 900 = Length, m
Lake Ontario + S 20007 mm S = Sops, mim
Figure 3-2

Computation Schematic
Lower Morrison Creek

Final RVA 3144/93.01
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP . Hydrologic Analysis

TIMP=23%
XIMP=23%

L=680m
S = 0.006 m/m
DA=14.2 ha +
TIMP=14% + e
€
W9 En
L=850m = e
S = 0.010 m/m ~o
L
San
+
TIMP=31% +
XIMP=20%, W9
= L=80m
S = 0.010 m/m
+
w2
L=780m 3
S = 0.008 m/m
ba-463 h Legend
= a
TIMP=37% + g
XIMP=23%

Compute Hydrograph
M6 =- Basin Number
DA = Drainage Area, ha

TIMP=39% TIMP = Basin Total Impervious
XIMP=23% Area {| rcent
XIMP = Basm X(Connected
lmpemous ea (percent)

+ Add Hydrographs

Wi RouteL Hydrograph through W1
i L=80m = Length,
Lake Ontario ‘F S 001 mm S = Slope mm

Figure 3-3

Computation Schematic
Lower Wedgewood Creek
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Hydrologic Analysis Lower Morrison/Wedgewood Creek Flood, Erosion and MDP

3.4 Design Storms

Regional Storm - Hurricane Hazel

The Regional Storm for the Lower Morrison/Wedgewood Creeks as specified by the
Ministry of Natural Resources is Hurricane Hazel which passed through Southern Ontario.
The 12 hour design storm, shown in Table 3.1, is applied to basins where the upstream
circular drainage area is greater than 25 km? (10 mi¥). The hourly rainfall values are
multiplied by the percentages shown in Table 3.2 for circular drainage areas larger than
25 km?®. '

The circular drainage areas for the Lower Morrison and the Lower Wedgewood Creeks
are less than 25 km? and therefore no reduction factors were applied to the 12 hour
Regional Storm values.

2 to 100 Year Design Storm

Design storms for return periods ranging from 2 to 100 years were developed using the
Keifer & Chu method which is presently used by the Town of Oakville. The Keifer & Chu
design storm has a variable duration and time step that are selected based on the
physical characteristics of the watershed. A time step of 15 minutes and a storm duration

“of 24 hours were used in the simulations. The procedures used by the OTTHYMO model
require a calculation time step equal to the time of concentration of the sub-basins. The
sub-basins were selected assuming a time of concentration of approximately 15 minutes.

~A 24 hour storm was selected to include the largest time of concentration for each of the
Study basins. Selecting a shorter duration storm could simulate runoff events with lower
peak flow rates.

3-6 Final RVA 3144/93.01
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Hydrologic Analysis

A long storm duration such as 24 hours will generate a higher peak flow rate for pervious
areas than a shorter duration storm. However, for urban areas where peak flow rates are
largely influenced by rainfall intensity, peak flow rates will only slightly change for a long
duration storm. For the Keifer and Chu design storm, peak rainfall intensities do not vary
with storm durations and therefore peak flow rates will not significantly change.

Table 3.1 HURRICANE HAZEL STORM

In the first 36 hours the total rainfall recorded was 73 mm. The following 12 hours
represents the Ontario Ministry of Natural Resources Regional Storm.

Depth Percent of
(mm) Total
37th hour 6 3
38th hour 4 2
39th hour 6 3
40th hour 13 6
41st hour 17 8
- 42nd hour 13 6
43rd hour 23 11
44th hour 13 6
45th hour 13 6
46th hour 53 25
47th hour 38 18
48th hour _13 6
Total - 212 mm 100

RVA 3144/93.01 Final 3-7
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Hydrologic Analysis

Table 3.3 INTENSITY- DURATION-FREQUENCY VALUES

AES TORONTO (BLOOR STREET) GAUGE
43 YEARS OF RECORD 1940 - 1986

Rainfall Intensity (mm/hr

‘Duration 2 5 10 25 50 100
(Minutes) Year Year Year Year Year Year
5 117 164 194 233 262 291
10 80 108 126 149 166 183
15 65 90 107 129 145 160
30 41 58 69 83 93 103
60 25 35 41 48 54 60
120 15 20 23 27 30 33
360 6.1 81 94 11 12 13
720 36 486 5.3 62 68 75
1440 20 25 29 34 3.7 41

Table 3.4 RAINFALL INTENSITY EQUATION COEFFICIENTS*

AES TORONTO (BLOOR STREET) GAUGE
43 YEARS OF RECORD - 1940 TO 1986

Return Coefficient Correlation
Period A b c Coefficient
(Years)
2 835 49 0.809 0.999942
5 1155 5.1 0.841 0.999854
10 1400 5.7 0.847 0.999762
25 1680 5.6 0.851 0.999730
50 1960 5.8 0.861 0.999683
100 2150 57 0.861 0.999628

* Corrected for partial duration series.

i = A = rainfall intensity,
(t, + b) mm/hr

A, b and c constants.
t, = duration, minutes.

RVA 3144/93.01 Final 3-11



Hydrologic Analysis Lower Morriéon/Wedgewood Creek Flood, Erosion and MDP

Table 3.6 BASIN PARAMETERS - LOWER MORRISON CREEK

Existing Conditions

Drainage Pervious % Ilmpervious Length
Basin OTTHYMO Area Curve Number Parameter
Number Command (ha) il i Total Direct (metres)
M-1 URBHYD 41.0 68 84 39 24 520
M-2 URBHYD 73.4 67 83 38 23 700
M-3 URBHYD 36.8 72 86 59 52 500
M-4 URBHYD 37.6 81 92 81 81 500
M-5 URBHYD 16.0 63 80 43 26 330
M-6 URBHYD 24.7 73 87 35 28 410
M-7 URBHYD 347 78 20 48 48 1200
M-8 URBHYD 96.7 82 92 64 58 1800

Future Conditions

Drainage Pervious % Impervious Length

Basin OTTHYMO Area Curve Number Parameter
Number Command (ha) n Total Direct (metres)
M-1 URBHYD 41.0 68 84 39 24 520
M-2 URBHYD 73.4 67 83 38 23 700
M-3 URBHYD 36.8 71 86 66 60 500

. M4 URBHYD 37.6 81 g2 81 81 500
M-5 URBHYD 16.0 63 80 43 26 330
M-6 URBHYD 247 70 85 67 60" 410
M-7 URBHYD 34.7 79 91 70 70 1200
M-8 URBHYD 96.7 83 a3 67 60 1800

Il average antecedent precipitation conditions
I wet antecedent precipitation conditions
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Hydrologic Analysis

Table 3.7 BASIN PARAMETERS - LOWER WEDGEWOOD CREEK

Existing Conditions

Drainage Pervious % Impervious Length

Basin OTTHYMO Area Curve Number Parameter
Number Command (ha) 1] i} Total Direct (metres)
W-1 URBHYD 60.3 64 81 39 23 630
W-2 URBHYD 46.3 65 82 37 23 560
W-3 URBHYD 21.0 65 82 45 27 370
W-4 URBHYD 228 58 76 3 3 390
W-5 URBHYD 53.2 68 84 56 56 580
w-6 URBHYD 13.3 4l 86 27 27 300
w-7 URBHYD 56.4 82 92 25 25 370
w-8 URBHYD 17.8 73 87 25 25 380
w-9 URBHYD 46.5 69 85 31 20 560
wW-10 URBHYD 14.2 72 86 14 14 310
W-11 URBHYD 321 77 89 23 23 460
W-12 URBHYD 31.7 77 89 24 24 460

Euture Conditions
Drainage Pervious % Impervious Length

Basin OTTHYMO Area Curve Number Parameter

Number Command (ha) n Total Direct (metres)
W-1 URBHYD 60.3 64 81 39 23 630
w-2 URBHYD 46.3 65 82 37 23 560
W-3 URBHYD 21.0 65 82 45 27 370
W-4 URBHYD 228 66 82 81 81 390
W-5 URBHYD 53.2 72 86 78 78 580
W-6 URBHYD 13.3 67 83 63 63 300
W-7 URBHYD 56.4 82 92 30 30 370
w-8 URBHYD 17.8 73 87 25 25 380
w-9 URBHYD 46.5 67 83 52 41 560
W-10 URBHYD 14.2 72 86 14 14 310
W-11 URBHYD 32.1 80 91 76 76 460
W-12 URBHYD 31.7 79 91 64 64 460

i average antecedent precipitation conditions
il wet antecedent precipitation conditions
RVA 3144/93.01 Final 3-19



Hydrologic Analysis Lower Morrison/Wedgewood Creek Flood, Erosion and MDP

Soils within the Lower Morrison/Wedgewood basins are described in the "Soils of Halton
County, Report No. 43 of the Ontario Soil Survey®. The soil maps cover only portions of
the two (2) watersheds. The soils within the remaining areas were interpolated.

The Ontario Ministry of Transportation’s Drainage Manual (Volumes |, Il, and il) were
used to determine the following hydrologic soil types found within the basins:

Hydrologic Percentage of
Bottom Lands D 5
Brady sandy loam AB 12
Chinguacousy clay loam C 34
Cooksville clay - D 2
Fox sandy loam AB 40
Jeddo clay loam C 3
Oneida clay loam D 4

The various soil types within the Lower Morrison/Wedgewood watersheds are shown in
Figure 3-4.

All vegetation within the Lower Morrison/Wedgewood Creeks basins was classified under
one of the following:

- meadows
. woods
w lawns

Curve numbers for the different classes of vegetation and soils are shown in Table 3.8.
The values were abstracted from the National Engineering Handbook published by the
U.S. Soil Conservation Service.
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Hydrologic Analysis

Table 3.8 CURVE NUMBERS'

Hydrologic Soil Group

Vegetation Cover A B C D
meadows 46 66 77 82
woods 36 60 73 79
lawns 56 71 81 85

The curve numbers for each of the sub-basins are shown in Table 3.6 for Lower Morrison
Creek and Table 3.7 for Lower Wedgewood Creek. The curve number calculations are
shown in Appendix A. The curve numbers shown in Table 3.8 represent average soail
moisture conditions. Table 3.9 shows the relationship between dry (1), average (2) and
wet (3) antecedent conditions. A large amount of rainfall preceded the maximum
twelve (12) hour amount used for the Regional (Hurricane Hazel) Storm. Curve numbers
shown in Table 3.8 must be increased from average to wet soil conditions for the
Hurricane Hazel storm.

Depression storage values for impervious and pervious areas were set equal to 3 and 5
mm respectively. The values were determined after a review of the OTTHYMO User’s
Manual and a review of the Mimico Creek Study prepared for the Metropolitan Toronto
and Region Conservation Authority.

The linear storage coefficient which determines the shape of the hydrograph may be input
by the analyst/modeller or determined internally by specifying the overland flow length,
Mannings roughness coefficients and the basin slope. Data is not available to estimate
directly the linear storage coefficients. The storage coefficients for Lower
Morrison/Wedgewood Creeks were determined internally by OTTHYMO.

Manning roughness coefficients for impervious and pervious areas were set equal to
0.015 and 0.250 respectively. The values were abstracted from a review of the
OTTHYMO'’s and SWMM |V User’s Manuals.

1. Page 9.2 National Engineering Handbook, Section 4, Hydrology, U.S. Soil Conservation Service, March 1985.
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Table 3.9 VARIATION IN CURVE NUMBER BASED ON
ANTECEDENT PRECIPITATION

Condition Condition Condition

T R 10w L1
100 100 100 48 68 84 19 36 56
97 99 100 47 67 83 18 35 55
94 98 a9 46 66 82 18 34 54
91 97 Q9 45 65 82 17 33 53
89 96 99 44 64 81 16 32 52
87 95 98 43 63 80 16 31 51
85 94 98 42 62 79 15 30 50
83 93 98 41 61 78 12 25 43
81 92 97 40 60 78 9 20 37
80 91 97 39 59 77 6 15 30
78 80 96 38 58 76 4 10 22
76 89 96 37 57 75 2 5 13
75 88 95 36 56 75 0 0 0
73 87 a5 35 55 74

72 86 94 34 54 73

70 85 94 33 53 72

68 84 93 32 52 71

67 83 a3 31 51 70

66 82 92 31 50 70

64 81 92 30 49 69

63 80 91 29 48 68

62 79 91 28 47 67

60 78 80 27 46 66

59 77 89 - 26 45 65

58 76 89 25 44 64

57 75 88 25 43 63

55 74 88 24 42 62

54 73 87 23 41 61

53 72 86 22 40 60

52 71 86 21 39 59

51 700 85 21 38 58

51 69 85 20 37 57

| dry antecedent precipitation conditions
Il average antecedent precipitation conditions
il wet antecedent precipitation conditions
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Hydrologic Analysis

The overland flow length for each sub-basin was determined by taking the square root
of the drainage area (hectares) divided by 1.5 and muiltiplying by 100. The values for
each of the sub-basins are shown in Tables 3.6 and 3.7. The impervious and pervious
lengths were assumed equal for all storage coefficient calculations.

The OTTHYMO input parameters are shown in Appendix B.

3.6 Routing

The transposition of a hydrograph from one point of interest to another is referred to as
routing. OTTHYMO requires a table of flow depths and travel times for specific flow rates
to route a hydrograph from one point of interest to another.

The analyst/modeller may enter the values directly or have the values determined

internally by the program. OTTHYMO will calculate the flow rates, depths and travel times
if the following values are input:

. channel and flood plain slopes;

. cross section described by distance and elevation
measured from the left bank;

. Manning’s roughness coefficients; and

. routing length.

3.7 Model Calibration

Computer simulation models usually require the calibration of parameters which cannot
be accurately measured to simulate the rainfali/runoff process. Calibration is
recommended to adjust those input parameters until a good agreement is obtained
between measured and simulated hydrographs.

Calibration of the Lower Morrison/Wedgewood Creek models cannot be undertaken as
no rainfall or runoff gauges exist within the watersheds. When calibration cannot be

carried out on the study basin it is common to undertake a calibration/verification of input
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parameters on adjacent basins. Sixteen Mile Creek and the Credit River have both rainfall
and runoff gauges located within the watersheds. The watersheds have been the subject
of recent flood plain mapping studies which involved the calibration/verification of the
hydrologic models. However, the studies did not calibrate or verify specifically the
URBHYD routine of the OTTHYMO model. The Mimico Creek Study carried out for the
Mefropolitan Toronto and Region Conservation Authority calibrated and verified the
URBHYD routine for that watershed. That Study was reviewed to abstract calibrated
parameters which would be representative of conditons within the Lower
Morrison/Wedgewood Creeks.

Mimico Creek Study

The Study calibrated the NASH HYD and the URBHYD routines on the Mimico and
Etobicoke Creeks. An initial abstraction of 3 mm for the Etobicoke Creek was determined
from an analysis of recorded rainfall and runoff.

The Study found that curve numbers and overland flow lengths did not have to be varied
from standard procedures to accurately simulate recorded hydrographs.

No variations in the overland flow lengths and the curve numbers values will be made to
the Lower Morrison/Wedgewood Creek models.

An analysis was carried out to compare peak flow rates determined by the URBHYD
routine with values estimated by regional frequency analysis. The following three (3)
regional frequency methods were chosen for comparison with URBHYD:

(i) Environment Canada - Index Flood Method
(i) Environment Canada - Regression Analysis
(i)  Ministry of Natural Resources - Regression Analysis
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Hydrologic Analysis

The three (3) regional frequency analysis methods are based on recorded runoff from
rural or undeveloped basins. Peak flow rates calculated using URBHYD assuming existing
or highly developed conditions would be much higher than the regional methods. The
URBHYD input parameters of the Lower Morrison/Wedgewood basins were changed to
reflect natural/rural land uses. The impervious portions of all basins were set equal to 0.0
and curve numbers for each of the basins were recalculated assuming a land use
composed of two thirds (2/3) meadow and one third (1/3) woods. The Mannings
roughness coefficient for overland flow was increased from 0.25 to 0.40.

Peak flow rates determined from the regional frequency analysis for several points of
interest within the Lower Morrison/Wedgewood Creeks are shown in Appendix C. The
following is a comparison of the 100 year peak flow rates calculated at Lake Ontario:

Environment Canada
MNR index Flood Upper Lower

URBHYD Roglession Rogion 7 Region 8 Rogrmion Bound Bound
Watershed (ma /9) {m=/s) . (m~/s) [m7/s) {m”/s) (mals) (m:’[s)
Lower Morrison 10.6 9.2 5.8 6.9 27 20 2
Lower Wedgewood 15.1 10.7 6.4 7.8 31 25 3
Note : All peak flow rates represent natural/rurat land use conditions.

Upper and lower bounds are defined by Environments Canada for Region 8.

The peak flow rates generated by URBHYD are relatively high in comparison to the three
(3) regional flood frequency methods. It should be remembered that URBHYD was
developed for urban basins with significant impervious areas and efficient drainage
systems. Although the peak flow rates are relatively high the values fall within the upper
and lower bounds for Region 8 as defined by Environment Canada.

The values show that the URBHYD routine of OTTHYMO generates high values for
natural/rural areas but within acceptable levels. It can be concluded that the URBHYD
routine can be used to define flood hydrographs for flood plain management purposes.
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3.8 Sensitivity Analysis

A sensitivity analysis was undertaken to determine the variation of runoff hydrographs as
a result of variations in input parameters. The input parameters varied during the analysis

include the following:

overland flow lengths;

curve number;

ratio of total impervious area to total drainage area;
ratio of impervious areas to total drainage area.

The analysis was conducted for future land use conditions using the 100 year design
storm. The 100 year storm will yield the largest variation in runoff when compared to
Hurricane Hazel and the other return period storms.

Overland flow lengths in OTTHYMO are calculated by taking the square root of the
drainage area divided by 1.5. The OTTHYMO User’s Manual assumes a basin length to
width ratio of 1.5. The sensitivity analysis varied the length to width ratio from 1.0 to 2.0.
The results shown in Table 3.10 indicate a 2% variation in peak flow rates for the Lower
Morrison/Wedgewood Creek'’s basins.

Curve numbers for the pervious areas were varied by 10 above and below the values
determined for the design values. The Lower Morrison/Wedgewood Creek’s peak flow
rates varied by approximately 8%.

impervious ratios were increased and decreased by 20% from design values. Peak flow
rates increased/decreased proportionally by approximately 15%. The values varied
depending upon location within the basin. The largest increases were observed in the

upper portions of the basin with the smallest in the lower reaches.

Roof leaders draining onto grassed areas yielded significant differences in total impervious
and directly connected areas. A sensitivity analysis was made to determine increases in

peak flow rates as a result of converting indirectly connected impervious areas to directly
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connected. Table 3.10 shows that peak flow rates increased by approximately 6% by

assuming all impervious areas were directly connected.
3.9 Peak Flow Rates

Peak flow rates for existing and future land use scenarios are shown in Table 3.11.
Generally, Lower Morrison Creek peak flow rates for future conditions are approximately
10% higher than values for existing land use conditions. Along Lower Wedgewood Creek
peak flow rates for future land use conditions are approximately 40% higher than values
for existing land use conditions.

Peak flow rates at Lake Ontario for the 100 year Storm were slightly less than the
Regional (Hurricane Hazel) values. Upstream the 100 year peak flow rates were
significantly larger than the Regional flows.

The Regulatory Flood is the greater of the Regional or the 100 year flood. The Regulatory
Flood Plain will be determined using the Regional storm peak flow rates for the lower
reaches of the watercourses, while the upper reaches will be defined using the 100 year
values.

The Lower Morrison/Wedgewood Creek peak flow rates are conservative as the values
have been calculated assuming no storage behind road/railway embankments. Storage
behind road/railway embankments attenuates peak flow rates which leads to lower
downstream peak flow rates and water surface elevations. Standard flood plain
management practice assumes no storage behind road/railway crossing embankments
as a culvert/bridge can be replaced at any time. The storage behind the embankment
would be lost and peak flow rates downstream would be increased.

RVA 3144/93.01 Final 3-27



8¢-¢€

[euld4

10'€6/PPLE YAY

Drainage
Area

Location fha)}
LOWER WEDGEWOOD CREEK
Lake Ontario 420
Alscot Crescent 360

East Branch
Amber Crescent 220
Constance Drive 200
CN Railway 170
QEw 60
East Branch - Western Tribulary
CN Raitway 30

West Branch
Drummond Road 90
CN Railway 45
QEW 30
LOWER MORRISON CREEK
Lake Ontario 360
Motrison Road 320
Linbrook road 7%
QEW 40

West Branch
Chartwell Drive 170
Maple Avenue 160
CN Raiway 130

L |

100 year
Peak Flow

4.8
436

3.2
3r.2
10.8

1.1

35.3

16.8
13.3

5.6

258

TABLE 3.10 SENSITIVITY ANALYSIS - OTTHYMO

FUTURE CONDITIONS

Overland
LW
im3r)

429
428

127

95

09
33
163
13.0

24.1
24.1
24.1

Flow Length
L/W=2
m3/st

44.3
445

398
7.9
1.2

1.3

36.1
35.1
171
13.5

5.5

271

Curve Number
. 1g + 50
my )
0.4 488
40.7 48.7
ary 418
ar M6
387 295
[ 2] 12.8
10.8 15
122 14.4
9.3 103
9.3 10.3
24 8.0
R4 ar4
163 178
13.1 13.7
250 27.4
250 7.4
25.0 274

0.8

388
7.6

3.3
3.7
9.8

"3

84

30.0

14.2
11.4

2185
218
215

% Impetvious

12 XIMP = TIMP
jmstﬂ ]mals[
80.3 458
50.3 458
45.0 39.2
450 392
426 3r.2
11.9 108
127 1.1
14.9 14.4
11.0 9.7
11.0 9.7
40,0 ar4
392 383
17.3 173
15.2 13.3
30.2 272
30.2 21.2
30.2 272
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Drainage

Area
Location {ha)
LOWER WEDGEWOOD CREEK
Lake Ontario 420.0
Alscot Crescent 360.0

East Branch

Ambet Crescenl 220.0
Constance Drive 200.0
CN Railway 170.0
QEW 60.0

East Branch - Western Tributary

QEW 30.0
West Branch

Drummond Road 80.0

CN Raitway 45.0

QEW 30.0

LOWER MORRISON CREEK

Lake Ontario 360.0

Mortison Road 3200
East Branch

Linbrook Road 75.0

QEW 400
West Branch

Chartwell Dtive 1700

Maple Avenue 160.0

CN Railway 130.0

Regional

Existing

]mags[

449
3%.0

40

10.4

39

aro
32.7

9.8
53

17.0
15.3
129

Future

|m3[s[

41.7
42.0

4.5

3re
3.6

10.0
53

17.9
182
135

)
TABLE 3.11
100 Year 50 Year
Existing Future Existing Future
jmalsl (ma /s) (ma s} (ma /s)
316 43.8 26.8 38.5
30.1 436 258 38.4
26.7 39.2 234 34.7
26.7 39.2 23.4 34.7
267 ar.2 224 33.0
99 10.8 8.6 9.4
54 111 4.7 9.9
8.7 13.1 75 11.8
5.7 8.7 49 8.8
54 9.7 47 8.8
320 353 27.4 30.4
s 345 214 30.4
15.9 16.8 141 149
13.3 1323 ne 11.9
220 256 20.0 25
230 25.6 2.0 225
230 258 20.0 22.5

25 Year

Existing
(m3[s|

4.0

6.4

40

235
2.5

12.4
10.5

17.0
17.0
17.0

Future
jmals)

33.2

3.3
28.8
8.1

8.7

26.2
26.2

1.1
10.5

19.3
19.3
193

PEAK FLOW RATES

10 Year

Existing
(mals)

178
17.0

18.1
16.4
16.1
57

3.

49

at

18.2
18.2

0.1
86

13.2
13.2
13.2

Future

m¥g)

26.2
26.2

24.7

24.7

2.5
64

72

81

82

208
2.6

10.7
LX)

15.9
15.1
15.1

5 Year

Existing
jma[s)

140
138

13.3
13.3
13.3
47

25

39

25

148
146

85
7.3

10.6
108
106

Future
jm:’[s)

218
218

20.7

20.7
18.7
5.2

6.1

8.7

5.2

16.5
168

9.1
73

122
122
122

2 Year

Existing
[m°/s}

108

10.6

10.3
10.3
10.3
a5

1.9

11.2
"2

8.7
5.7

7.6
18
1.8

Future

]mals[

17.1
171

18.2
18.2
15.4
4.0

4.8

5.2
4.1
4.1

127
12,7
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Flood Plain Management Options

9.8 Corrective - Structural Alternatives to Modify the Flood

Structural alternatives to modify the flood include storage ponds, dykes, channel
improvements (crossings and alignment) and diversions. Several alternatives were
formulated for the Lower Morrison/Wedgewood Creeks after a review of the flood
damage locations and the hydrologic/hydraulic resuits.

‘The detailed cost breakdowns for each of the alternatives discussed in this section are

shown in Appendix H.

9.8.1 Flood Storage - Lower Morrison Creek

The only vacant land that could be used for a detention facility is located in Figure 9-3,
upstream of Maple Avenue along the West Tributary. Only vacant land was considered
due to the large social disruption of acquiring occupied land.

The hydraulic analysis resuits indicated that the majority of potential flooding within the
Study area was the result of inadequate culvert capacities. Any detention facility would
have to reduce peak flow rates to the capacity of the smallest downstream culvert.

The dry detention pond was designed to have a maximum outflow rate of approximately
10 m*/s or the capacity of the Maple Avenue culvert. The existing Maple Avenue culvert
would be retained as an outlet with appropriate inlet works being constructed.

The detention facility would be designed to accommodate runoff from both the West and
East Branches. Runoff from the East Branch would be diverted by a trapezoidal Terrafix
block (or equivalent) lined channel from the CN Railway culvert to the upstream face of
the Maple Avenue culvert.
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| A diversion is necessary to reduce flooding along the East Branch and downstream of
the confluence. Without the diversion the detention facility would only reduce flooding
along the West Branch. Peak runoff rates from the East Branch watershed would be
greater than the capacities of the downstream culverts. Characteristics of the pond and
the diversion channel are described in Table 9.1 and 9.2.

Table 9.1 LOWER MORRISON CREEK DETENTION FACILITY CHARACTERISTICS

Property Required 8 ha

Maximum Water Level 95.0 m

Maximum Water Depth 19m

Maximum Storage 4.8 ha-m

Outlet - Maple Avenue Culvert 3.1 x 1.2 m rectangular concrete
Peak Outflow Rate 12.9 m*/s (Regional future)

Peak Inflow Rate 35.0 m’/s (100 year future)
Maximum Ponding 4.0 hours

Duration :

Excavation Required 11.0 ha-m

Terrafix Block (or equivalent) Low Flow Channel

Table 9.2 LOWER MORRISON CREEK DIVERSION CHANNEL CHARACTERISTICS

Length 500 m

Side Slopes 3:1 (horizontal to vertical)
Bottom Width im

Maximum Depth 2m

Channel Slope 0.004 m/m

Material Terrafix Block (or equivalent)

The detention facility would have sufficient capacity to eliminate damages for the 100 year
flood downstream along both the East and West Branches. However, the pond would
not significantly affect flood damages for the Regional event. Other measures such as
floodproofing and culvert enlargement would be required to completely eliminate flood
damages.

9-8 Final RVA 3144/93.01
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Lower Morrison/Wedgewood Creek Flood, Erosion and MDP Flood Plain Management Options

The proposed diversion and detention facilities would have a total cost of $12.9 million.
Construction costs are estimated at $3.2 million; land costs at $9 million. Annual
operation and maintenance are estimated at $20,000. Average annual flood damages
would be reduced by $95,000 to $120,000.

The maximum pond elevation is limited by the ground elevation (85.5 m) of adjacent
properties. The properties drain through a rear yard swale to the Maple Avenue culvert.

9.8.2 Flood Storage - Lower Wedgewood Creek

Two (2) locations along the East Branch of Lower Wedgewood Creek were identified for
detention facilities.

One was located between Cornwall Road and the CN Railway and the other was located
east of Cornwall Road adjacent to the residential subdivision.

The proposed detention facility located south of Cornwall Road was favoured because it
could accommodate a diversion from the West Branch. Without the diversion the
detention facility would only reduce peak flow rates and damages along the East Branch.

An embankment and outlet structure would have to be constructed in order to detain
runoff. Details of the diversion and the detention facility can be found in Table 9.3 and
9.4. Peak outflow rates would have to be reduced to the downstream minimum culvert
capacity of approximately 9.0 m?®/s. The outlet works would consist of a concrete box
culvert. The embankment would have a length of approximately 700 m.

A diversion channel from the West Branch would be constructed along the upstream face
of the detention embankment. The trapezoidal Terrafix (or equivalent) lined channel

would be approximately 4 m deep with 3:1 side slopes and a bottom width of 1.0 m.
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The hydrologic analysis of the proposed detention facility found that the pond did have
sufficient volume to eliminate flood damages for the Regional event. Other measures
such as floodproofing and culvert enlargement would have to be employed to eliminate

damages for the Regional Flood.

The proposed diversion and detention facility would have a total cost of $12.2 million.
Included are land costs at approximately $3.0 million and construction costs at
approximately $3.2 million. Annual operation and maintenance is estimated at $20,000.
Average annual flood damages would be reduced from $360,000 to $37,000 (future land
use).

Table 9.3 LOWER WEDGEWOOD CREEK DETENTION FACILITY

CHARACTERISTICS

Property Required 8 ha

Maximum Water Level 97.0m

Maximum Water Depth 25m

Maximum Storage 5.1 ha-m

Outlet -

Peak Outflow Rate 18.3 m’/s (Regional future)
Peak Inflow Rate 52 m*/s (100 year future)
Maximum Ponding Duration 4.0 hours

Excavation Required 7.0 ha-m

Terrafix Block (or equivalent) Low Flow Channel

Table 9.4 LOWER WEDGEWOOD CREEK DIVERSION CHANNEL
CHARACTERISTICS

Length 360 m

Side Slopes 3:1

Bottom Width im

Maximum Depth 4m

Channel Slope 0.004 m/m

Material Terrafix Block (or equivalent)
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Designation of Trafalgar Road as a permanent flood route may impact other essential
services during flooding events. Emergency services may not be able to utilize Trafalgar
Road due to the depth of flood waters in the subway.

Approximately $50,000 has been allotted to designate Trafalgar Road as a permanent
flood route. The cost includes time for Town of Oakville staff to conduct the necessary
analyses and investigations. Average annual damages along Lower Morrison Creek
would be reduced from $215,000 to $140,000 and one (1) building would be removed
from the Regulatory Flood Plain. The building is located adjacent to the Maple Avenue
crossing. Flood levels upstream of Maple Avenue would be reduced by approximately
0.1m.

9.8.7 Diversion - Lower Morrison Creek, Cornwall Road

This alternative would reduce potential flood damages along both the West and East
Tributaries of Lower Morrison Creek. Cornwall Road will be extended from Chartwell to
Trafalgar Road. The alignment has been selected, but construction has not started. A
culvert could be constructed to divert runoff from the upper reaches of Lower Morrison
Creek to the Sixteen Mile Creek. The culvert would be constructed within the Cornwall
Road right-of-way and would follow Trafalgar Road to Sixteen Mile Creek.

Runoff rates higher than the existing 2 year peak flow rates would be diverted to Sixteen
Mile Creek. The construction cost is based on a concrete box culvert which varies in size
from 2.0 m X 2.0 mto 4.0 m X 2.0 m. The total length of the diversion culvert would be
approximately 1.3 km. The culvert would require a significant outlet structure into Sixteen
Mile Creek. The capacity of the 4.0 m X 2.0 m concrete box culvert is approximately 26
m?/s. The 100 year peak flow rate is approximately 26 m*/s. Peak flow rates greater than
8 m’/s would be diverted to Sixteen Mile Creek. The 4.0 X 2.0 m box culvert would
convey runoff from both the East and West Tributaries.
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12.0 CONCLUSIONS AND RECOMMENDATIONS

The Regulatory Flood Plain for the Lower Morrison/Wedgewood Creeks was delineated
on topographic mapping with a scale of 1:2,000.

The Regulatory Flood would potentially inundate approximately 26 buildings along Lower
Morrison Creek and 42 buildings along Lower Wedgewood Creek. The Regulatory Flood
would potentially create approximately $2,030,000 in flood damages along both
watercourses. Potential average annual flood damages for the Lower Morrison Creek are
approximately $215,000 and $360,000 along Lower Wedgewood Creek.

An erosion inventory of the Lower Morrison/Wedgewood Creeks was undertaken during
October 1989. A total of 15 erosion sites were identified.

One (1) of the sites requires immediate attention as two (2) buildings are located within
one (1) metre of the top of bank. Two (2) additional sites require regular monitoring. The

remainder of the sites were classified as medium or low priority.

A number of alternative flood control measures were identified and evaluated. The

evaluation considered both social and environmental factors.

The implementation of the master drainage plan will cost approximately $3,410,000 and
is expected to be completed within the next 10 to 20 years.

A master drainage plan was developed. It is composed of preventive stormwater

management policies and structural flood and erosion control works.

The flood control works consisted of culvert enlargement, floodproofing and
channelization. The erosion control measures included, retaining walls, culvert protection
and seed and mulch.
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A stormwater management policy was developed to ensure future development would not

increase flood and erosion damages.

ITIS RECOMMENDED THAT THE AUTHORITY AND THE TOWN ADOPT THE FLOOD
PLAIN MAPPING TO REGULATE FUTURE DEVELOPMENT IN THE FLOOD PLAIN.

IT IS RECOMMENDED THAT THE AUTHORITY AND THE TOWN IMPLEMENT THE
MASTER DRAINAGE PLAN TO ALLEVIATE EXISTING FLOODING AND EROSION
AND TO PREVENT FUTURE DEVELOPMENT FROM INCREASING FLOODING AND
EROSION.
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