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Figure 3.2.5
Ultimate Future Conditions Land Use
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TABLE 3.4.6 OPS # 1 DRAIN 100 YEAR FLOWS

Flow Point Existing Conditions Near Future Interim Future | Ultimate Future
m3/s | Vs/ha. | mm |m3/s|V/s/ha.| mm |m3/s|Vs/ha. | mm |m3/s|1/s/ha.| mm

Highway 7-35, (add hyd 12) 9.9 | 58.2 [42.9/10.0] 58.8 [42.9]10.0] 58.8 |42.9]10.2] 60.0 |43.5
170 ha. Drainage Area

Highway 7 - Kent Street, (add hvd 17) 19.6 | 46.6 |43.3[19.6| 46.6 [43.3]19.6 46.6 |43.3|18.0| 42.7 |45.6
421 ha. Drainage Area

Colbome Street, (add hyd 20) 17.3 | 34.5 |42.9[17.4| 34.7 |43.6|17.4| 34.7 |43.7[17.5| 34.9 [45.8
501 ha. Drainage Area

Highway 35 at Airport, (add hyd 28) 42.1 | 314 |42.6|41.4] 30.8 [42.9|42.0| 31.3 |43.0{42.6| 31.7 |43.9
1342 ha. Drainage Area )

Angeline Street, (add hyd 31) 45.0 | 30.6 |42.4 [44.1]30.0 [42.7[44.9] 30.6 |42.8]45.4] 30.9 |43.6
1469 ha. Drainage Area

49.3] 30.5 [43.8/50.3] 31.1 [43.9|50.9| 31.5 [44.7

[V5)
n

Canal, (add hyd 33) 50.5 | 31.2 |43,
1618 ha. Drainage Area

TABLE 3.4.7 OPS # 1 DRAIN TIMMINS STORM FLOWS

Flow Point Existing Conditions Near Future Interim Future | Ultimate Future
m3/s | I/s/ha. | mm |m3/s|l/s/ha.| mm [m3/s|l/s/ha.| mm |m3/s|V/s/ha.| mm

Highway 7-35, (add hyd 12) 11.7] 68.8 | 131.9]|11.7] 68.8 {131.9/11.7] 68.8 [{131.9|11.7| 68.8 |133.2
170 ha. Drainage Area

Highway 7 - Kent Street, (add hvd 17) 26.2| 62.2 |135.0]26.2] 62.2 |135.0/26.2] 62.2 |135.0/26.4] 62.7 |136.8
421 ha. Drainage Area )

Colbomne Street, (add hyd 20) 27.3 ) 545 | 134.2|27.4| 54.7 |135.3|27.5| 54.9 |135.5({27.8| 55.5 [138.8
501 ha. Drainage Area

Highway 35 at Airport, (add hvd 28) 70.2 | 52.3 [135.269.1] 51.5 [135.6/69.9] 51.5 |135.9/67.1| 50.0 [137.2

1342 ha. Drainage Area

™|Angeline Street, (add hyd 31) _ 76.1 ] 51.8 |134.9|74.8] 50.9 |135.3]75.8| 51.6 |135.5]72.7| 49.5 |136.8
1469 ha. Drainage Area

137.2{84.1] 52.0 | 137.3/80.6] 49.8 |138.5

(9]
—
(8]

82.9

w
o
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N
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Canal, (add hyd 33) 84.4
1618 ha. Drainage Area
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TABLE 3.4.6 OPS # 1 DRAIN 100 YEAR FLOWS

EFlow Point Existing Conditions Near Future [nterim l-‘ulurcr Ultimate Future
o m3/s | ls/ha, | mm | m3/s|Es/ha. | mm [m34s|s/ha. | mm |m3Zs| Vsha, | mm

Highway 7-35, (add I 12) 9.9 | 582 |42.9]10.0] 58.8 [42.9/10.0] 55.8 [42.91 102| 60.0 [42.5

170 ha. Drainage Area o | N

Highway 7 - Kent Street. (add lvd 17) [ 19.6 | 46.6 | 43.3 [19.6] 46.6 |43.3]19.6] 46.6 [43.3] 18.0] 42.7 [45.6

421 ha, Drainage Area .

Colborne Streel, (add hyd 20) | 173 | 345 |42.9 |174] 347 [43.6]174| 347 [43.91175 34.9 |45,

501 ha. Drainage Area o B

Highway 35 at Airport, (add Ivd 28) 42.1 | 314 >42.6 41.4) 30.8 42.9142.0| 31.3 [43.0]42.6] 31.7 [45.9)

1342 ha. Drainage Area - | B )

Angeline Streel, (add hyd 31) | 45.0 | 30.6 | 42.4 [44.1] 30.0 [42.7]44.9 30.6 ]42.8]45.4] 30.9 [43.6

1469 ha, Drainage Area g B

Canal, (add hyd 33) 50.5 | 312 |43.549.3] 30.5 [43.8]50.31 31.1 [43.9]50.9] 31.5 |44.7

1618 ha. Drainage Area

TABLE 3.4.7 OPS # 1 DRAIN TIMMINS STORM FLOWS

Flow Point o Existing Conditions Near Future Interim Future Ultimate Future

m3/s | Vs/ha. [ mm [m3/s|l/s/ha.| mm |m3/s)Vs/ha.| mm {md/s|Vsha.| mm

Highway 7-35, (add hyd 12) 7] 688 [1319011.7] 688 [1319]11.7] 633 [131.0]11.7] 68.8 |133.2
170 ha. Drainage Arca

Highway 7 - Kent Street, (add hnvd 17) 26.2| 62.2 ] 135.0126.2] 62.2 |135.0/26.2| 62.2 |135.0{26.4| 62.7 |136.8
421 ha. Drainage Area ' |
Colborne Street, (add hvd 20) 273 | 545 | 13421274 547 [135.3)27.5] 549 [135.5]278] 55.5 |138.8

501 ha. Drainage Area

1135.6]60.9] s1.5 [135.9/67.1| 50.0 |137.2

"o
n

Highway 35 at Airport. (add hyd 28)  170.2| 52.3 | 135.2 [69.1

1342 ha. Drainage Area 3 B RS -
*|Angeline Street, (add hyd 31) [ 76.1] S8 | 1349 [74.8] 509 |135.3]75.8] 516 [135.5]72.7] 495 | 136.8

1469 ha. Drainage Area | I N

Canal, (add hyd 33) 1894 522 | 1368 |#20] 1.2 |157.2[84.1| 520 [137.3|80.6| 19 1385

1618 ha. Drainage Areca - - | . I —

OPS # | Diain ) Nosember, 2001
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4.0 HYDRAULIC MODELING

4.1 METHODOLOGY

The US Army Corps of Engineers HEC-RAS version 3.0.1 program was utilized to determine the water
levels associated with the calculated flows from Highway 35 (at the Airport) upstream to Kent Street. A
mixed flow regime was calculated such that both sub-critical and super-critical (calculated) water surface
elevations would be obtained, rather than the model defaulting to critical depth. The model run was
based upon steady state flow data (peak flow rates), as the HEC-RAS model does not yet have the
capacity to calculate unsteady flows based on input hydrographs. The starting water surface utilized in
the model was based upon a Manning’s approximation of the flow depth in the channel/flood plain
downstream of the Airport. Cross section data was obtained from a site surveys and 1:2000 base
topographic mapping. Culvert characteristics (dimensions, material, slope, and depth of cover) from
Highway 35 (at the Airport) to Kent Street were obtained during the site survey. Additional site visits
were undertaken to obtain information on the Angeline, XXX, and Rail Trail Culverts. Summary details
of the cross sections locations utilized in the HEC-RAS analysis are indicated on the appended Flood -
Line Drawing along with the Flood Lines calculated for the existing conditions Timmins Storm flows.

4.2 HYDRAULIC MODEL STRUCTURE

The relative locations of the cross sections utilized to determine water surface elevations within the OPS
# 1 Drain are illustrated schematically in Figure 4.2.1, Hydraulic Model Structure, below and graphically

on the attached Flood Line Drawing.

OPS # | Drain November, 2001
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FIGURE 4.2.1, HYDRAULIC MODEL STRUCGTURE
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4.3 HYDRAULIC MODEL DATA

The hydraulic capacity of the OPS drain will be determined in large part by the lesser of cither the channel
conveyance capacity, or the roadway culvert capacity. In order fo provide as accurate a determination of
roughness values as possible, site walks were undestaken to assess roughness conditions along the channcl
and over-bank (flood plain) areas. Table 4.3.1, Roughness Values below presents the Mannings roughness

values determined for the OPS drain.

OPS # 1 Drain
Functional Stormwater Management Report 25



TABLE 4.3.1, ROUGHNESS VALUES

OPS # 1 Drain

Funetional Stormwater Management Report

River Stn__ |Fvetn (/K) _|n #1 iz e
48n 0.015 " 0.04 0015
47n 0.0135 0.04 n.ots
46|Culvert
45[n 0.013 o unis
4djn 0015 0,04 0015
43.25|Culvert .
42.5ln 0035 044 1035
42fn 0.035 D 0035
41.5[Culvert 1
41fn 003 0.04 003
40n XS] I 003
39|Culvert B
38in 0.03 0.04 0.03
37 0.03 0.03 w0S
36.5[Culvert
306in 0,03 005 (003
35 0.035 0.03) 0.05
34[n 0.035 0.05) 0.033
33.5[Culvert
33n 0.033 0.05 0.035
32n 0.035 ous| 003s
31n 0,04 0.033 0.0
30.5|Culvert
30in 0.04 0.033 0,04
29.5n 0.04 0,035 0.0
20 0.04 0.035 0.04]
28n 004 0.035 0,04
27n 0.0 0,035 0.0
26.9n 1,035 0.033 0.033]
26.6jn 0,033 0.033 0,033
26[n (1.035 0.035] 0.035
25[n i 0.04 0.03) 0.0
24[n o 00 T o]
- 23.5|Culvert
23[n 10.04 0.03] .04
22in 0.4 0.03 0.04
21.5[Culvert
21n uosl 0 0.5
20(n 003 0.04 0.03
19)n 1003 0.033 003
18n 003 0.033 T 003|
17)n 00§ 0.033 0.05)
16n .03 0035 0.03
I5|n 3y 0.033 (1035
14)n o3 0035 us
13 0,035 0035  0.03s
12.5|Culvert . o o
12{n .04 0033 o]
1 .04 0035 o0
[0]n 0,04 0033
o 003 onss|
8o vosl  003s
7In V.03 0.033
6.5[Culvert B T
ofn 0,03 0.035 V.05
~ Sin (1.033 0.033 0.04
| 4 0033 0033 “ui
3 o4 o03s .04
2n 004 o033
1.5/Culvert _ T
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The capacity of the culverts located along the OPS drain wili be largely determined by sizing and
available headwater elevation. In order to obtain accurate data the topographic survey of the OPS drain
obtained culvert lengths, span rise, slope, cover, and roadway profile daia: the survey also determined
that the majority of the CSP culverts had become deformed, (reduced height incieased width). Due to the
deformation of the culverts, equivalent culvert sizes were utilized for most of the CSP culverts. Table
4.3.2, Culvert Sizing below indicates the sizing of Culverts within the model and downslrean: ui the

modeled area.

TABLE 4.3.2, CULVERT SIZING

General Surveyed HEC-RAS
Culvert# | X-Sec |Culvert Type| pege. Dimensions Total Area | Dimensions |Total Area
Span x Rise Span x Rise

(m x m) (m’) (m x m) (%)

1 1.5 T.E M 3.1x1.74 33.89 2.96x2 37.20

2 6.5 S,E P 2.6x2.2 17.97 2.83x1.9 16.89

3 12.5 T,E M 2.1x1.3 17.15 1.86x1.4 16.36

4 21.5 T,E M 2.1x1.5 19.79 2.06x1.5 19.42

5 23.5 TE P 2x1.6 2111 2.06x1.5 19.42

6 30.5 S.E M 2x1.1 6.91 1.73x1.3 7.07

7 33.5 S,E P 1.65x0.9 4.67 1.42x1.0 4.46

8 36.5 TC P 0.9 10.18 0.9 10.18

9 39 §.C H 1.8x1.0 5.65 1.46x1.1 5.05

10 41.5 S,C P 1.2 9.05 1.2 9.05

11 43.25 S,C H 1.28 10.29 1.28 10.29

12 46 S,C M 1.22 9.35 1.22 9.35
Angelene Street CB.C. P 2.6x4.2 2.5m cover
Lindsay St. CS.P.A. M 3.65 1.5m cover
R.R. CIB.C. P 2.0x2.0 ~3 m cover

Entrance Loss

T= Twin M= Mitered to slope 0.7
S= Single ' P= Projected from fill 0.9
E= Elliptical H=  with Headwall 0.5
C= Circular

4.4 HYDRAULIC MODEL OUTPUT

Comparison of the Regional Storm flow data contained in Table 3.4.7 with the Culvert Size information
contained in Table 3.4.2 above, taken in conjunction with the generally flat topography of the OPS#1
Drain watershed, (and therefore relatively low culvert cover), indicates that insufficient culvert capacity
is likely to be available to convey Regional flows.

OPS # | Drain November, 2001
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effects) both be overtopped by flows in
Based on Table {4.4.2 the CN.R. culvert (ignoring

downstream baclwatey effects) will be overtopped by flows in excess of approximately the 1:5 year event,

The results predicted by the significantly more detailed HEC-RAS modeling undertaken for this study area
similar to those obtained from the Culvert Master brogram in so much ag significant inundation i shown to
be occurring, Figure 4.4.] HEC-RAS Profile Summary, below indicates that significant inundation is
occurring during the Regional cvent, and that backwater effects are observable in events as low as als

year storm.

FIGURE 4.4.1 HEC-RAS PROFILE SUMMARY

OPS Drain  Plan; Plan 02
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iteinization of Regional water

bresented in Table 4.4.1 Storm Flood Elevation Summary, and 'Taple 4.4.2 HEC-RAS Outpirt
acity of the Highway # 35, Highway # 7, Highway # 7 - 35 culverts, and the
in i etween HEC-RAS Sections 25 to 29, are all contributing to the over
ili S # 1 Drain Flood Plain, However, the inundation shown to occurring above the
Highway # 35, Highway # 7 Highway # 7 - 35 culverts is not merely a product of the limited capacity of
the culvert(s), but also a reflection of the greater (fill) height of provincial Highway profiles above the

OPS # 1 Drajn November, 200]
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6.0 CONCLUSIONS & RECOMMENDATIONS

6.1 PLANNING / LAND USE ASSUMPTIONS

The Planning and Land use assumptions utilized within this study were supplied by the City of Kawartha
Lakes Planning Department on a “without prejudice basis”. In order for the land use assumptions /
development scenarios and resultant flow rates to have legitimacy, a pubhc process must be followed
such that the relevant land owners, the general public, area interest groups, adjoining municipalities,
provincial review agencies (MNR, MOE, MTO), the Federal Department of Fisheries and Oceans, and

the Federal Department of Transport (Airport) may comment on the proposed scenarios. In addition
environmental input as to the natural habitat or hydro-geologic value of the lands, and water, sanitary,
and transportation servicing input, should all be factored into the proposed land use scenarios.

An Environmental Master Drainage Plan / Sub Watershed Study should therefore be initiated in
accordance with the procedures defined within the June 2000 Municipal Class Environmental
Assessment to determine appropriate land use scenarios for the OPS # 1 Drain watershed.

6.2 ENVIRONMENTAL INPUT

The environmental review of the OPS # 1 Drain undertaken for this study focused on the area upstream
of the Highway # 35 (Airport) crossing, and determined that the drain is supporting a fish community,
albeit within a degraded environment. Due to the disturbed nature of the OPS drain environment,
opportunities for habitat enhancement exist. Natural channel modification of the OPS # I drain to
improve is habitat and increase conveyance capacity should therefore be possible.

Initiation of a natural Channel design study (as part of the Environmental Master Drainage Plan
Study) to examine alternatives to improve the habitat and conveyance capacity(s) of the OPS# 1
drain is therefore recommended.

6.3 HYDROLOGIC & HYDRAULIC MODELLING

Examination of the routing / flow attenuation predicted by the Hydrologic model in both sections 3.3 and
4.5 of this report, indicates that flood plain altenuation is not being accurately represented within the
hydrologic model. Utilization of a either a (future) hydrologic model capable of routing flows through
the flat topography persisting in the study area, or a hydraulic model capable of routing hydrographs such
as EXTRAN or FLDWAV will be required to produce more accurate peak flow rates and flood
elevations.

Refinement of the flows and flood levels produced by this study through utilization of a dynamic
hydraulic model such as EXTRAN or FLDWAY is therefore recommended, (as part of the
Environmental Master Drainage Plan Study).

Calibration data (rainfall and stream runoff) should be gathered to facilitate determination of internal
parameters within any future hydrologic / hydraulic model. Ideally a network of at least 3 gauges would
be installed within the watershed, however as a minimum a single gauging station should be established
to, provide calibration data for any future event hydrologic / hydraulic model(s), and allow the
implementation of a continuous simulation model.

OPS # 1 Drain November, 2001
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Appendix A.2

Aecom OPS #1 Drain Floodplain Mapping Update
April 2010
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FIGURE 4.2.3
VISUAL OTTHYMO MODEL SCHEMATIC
EXISTING CONDITIONS
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FIGURE 4.2.4

VISUAL OTTHYMO MODEL SCHEMATIC

FUTURE CONDITIONS
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5.2 FLOODLINE MAPPING

As mentioned earlier in this report, one of the primary objectives of this study was to establish updated

floodlines along the full length of the OPS #1 drain from Kent Street downstream to Angeline Street. A
further update completes the floodline mapping to the outlet at the Scugog River. To do this, a detaﬂed
hydraulic model was constructed using the hydraulic modeling software HEC-RAS.

5.2.1 HEC-RAS Model Setup

The HEC-RAS model produced by Aquafor-Beech as part of their 2001 study entitled “OPS #1 Drain
Functional Stormwater Management Report” was the base for an updated TSH model produced in 2005.

® The Aquafor-Beech model represents that portion of the drain between Kent Street and the
Highway 35 crossing near the airport, and was comprised of 49 cross sections.

¢ The 2005 TSH study extended the HEC-RAS model from Highway 35 downstream to several
hundred metres east of Angeline Street, by incorporating an additional 16 cross sections and data
pertaining to the Angeline Street Culvert.

¢ For the present update, 19 sections were added to extend to model from Angeline Street to the
confluence with the Scugog River and existing cross sections were extended, to the east, between
Highway 35 and Colbourne Street . Three culverts at the Victoria Transportation Corridor were
also added to the model.

Subsequent to completion of the dynamic routing model, the routed peak flow rates (see Tables 5.1.1 to
5.1.7) were used in the HEC-RAS model to establish updated flood levels for the 2, 5, 10, 25, 50, 100,
and Regional storms. As indicated in these tables, peak flows were derived based on hydrograph routing
in EXTRAN under free flow conditions (i.e. all culverts removed to eliminate culvert related
backwater/storage effects). This latter case represents the most conservative flow rates (maximum peak
flows) expected to pass through the OPS #1 drain.

The relevant HEC-RAS computer files have been appended to this report on CD for future reference.

5.2.2 Regulatory Floodline Analysis

Updated floodlines, based on the routed peak flows (future landuse) and existing culvert conditions have
been identified for the OPS #1 drain and Jennings Creek. Detailed flood levels for both existing and
improved culverts under existing and future landuse conditions are summarized in the HEC-RAS
summary printout in Table 5.2.1 located in Appendix A. The Regulatory Floodline is plotted on Map 1
through Map 8 and is based on the larger of the 100 Year and Regional Storm water levels. The basemap,
including contours and airphoto, was provided by the City of Kawartha Lakes.

Starting water levels at the most downstream end of the hydraulic model assumed critical depth for all
Return Period events and assumed an elevation of 248.3m for the Regional Storm Event which is the
highest recorded lake level for Sturgeon Lake, immediately downstream of the confluence of Jenning’s
Creek with Scugog River/Trent-Severn Canal. In addition, a sensitivity analysis determined that water
levels upstream of the confluence were independent of the starting water level due to the magnitude of the
flows and the relative steepness of Jenning’s Creek (1%) in this area.
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5.0 HYDRAULIC MODELLING

5.1 DYNAMIC ROUTING MODEL

5.1.1 Structure
The model structure is a system of open channel cross sections representing the OPS#1 drain: any culverts
were modeled as natural channels to eliminate flow attenuation due to culverts and roadways.

Cross section and culvert data downstream of the culvert at Highway 35 was obtained from a site survey
carried out by TSH staff and contour data provided by the City (produced by Higgins). Cross section and
culvert information from the Highway 35 culvert and upstream, was obtained from the Aquafor-Beech
HEC-RAS model. At each cross section location, a node/junction was defined in the EXTRAN conduit
network. The node numbering ranged from 1 at the upstream end of the OPS #1 drain (south of Kent
Street) to 62 at the downstream end of the OPS #1 drain (downstream of the culvert at Angeline Street) as
seen in Figure 5.1.1. Channel data from the HEC-RAS model was adapted/modified as required to be
compatible with the required EXTRAN data format, including channel cross section geometry, channel
reach lengths, Manning’s “n”, channel and culvert inverts/slopes and road crossing elevations.

5.1.2 EXTRAN Model Output

The dynamic hydraulic routing capabilities of EXTRAN were utilized in this analysis in order to improve
the accuracy of the routed peak flow rates established throughout the limits of the OPS #1 drain. These
peak flows were then used as input to the HEC-RAS steady state hydraulic model used to produce the
associated floodlines. The EXTRAN model was run for each of the two land use scenarios (existing and
future conditions) for the seven event storms (2, 5, 10, 25, 50, 100 and Timmins). The computed peak
routed flow rates for each conduit in the system are summarized in Appendix D, while peak flows in each
conduit at each inflow hydrograph location are summarized in Table 5.1.1 to 5.1.7. An example of
typical peak flow reduction is provided in Table 5.1.8 where total non-routed flows from VO2 at selected
nodes are compared to EXTRAN routed flows. A more extensive summary of the EXTRAN results is
provided in Appendix D showing peak flow rates for all conduits modeled. Furthermore, a digital copy
of all input and output files can be found on a CD at the end of the report.

A review of the results shows that the peak flows appear to fluctuate in magnitude (i.e. increase and
decrease) moving from upstream to downstream through the watershed. While one might expect to see
the peak flows increase moving farther downstream (due to increasing cumulative drainage area), the
detailed dynamic routing model takes into account the relative timing of runoff hydrographs and peak
flow rates from the various individual subcatchment areas (i.e. inflow hydrographs) within the watershed,
as well as the routing and attenuation effects of the culverts and channel itself. These routing impacts
have the effect of offsetting cumulative and incremental runoff patterns such that instantaneous peak
flows will not necessarily increase consistently from upstream to downstream (although cumulative total
runoff volume will). This is more realistic than the results obtained from less detailed routing algorithms
such as those used in Visual OTTHYMO, as noted by Aquafor-Beech in their November 2001 report.

The hydraulic scenario used eliminated the existing culverts entirely in order to establish the most
conservative peak routed flows to be potentially conveyed by the OPS #1 drain, should upstream culverts
be upgraded in capacity over time. The peak flow rates from each scenario were subsequently used as
input data for various scenarios simulated using the HEC-RAS floodline model (see Section 5.2 for more

information).
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OPS# 1 DRAIN FLOOD HAZARD MANAGEMENT GUIDELINES

EXECUTIVE SUMMARY

The Ops#1 Drain is a municipal drain, as identified under the Ontario Drainage Act, located in
the City of Kawartha Lakes (former Town of Lindsay), see Figure 1. It was originally constructed
in 1880 in the former Ops Township as an agricultural drain to enhance cultivation of otherwise
poorly drained (swampy) soils within a low relief watershed. Jennings Creek provides the
natural channel system outlet for the Ops#1 Drain. To address urban growth and flood hazards
as defined by the Conservation Authorities Act, the City of Kawartha Lakes prepared floodline
mapping for the entire Ops#1 Drain and Jennings Creek watershed.

The primary goal of this study was to interpret the floodline mapping and develop a set of
guidelines to address flood hazards within the entire Ops#1 Drain and Jennings Creek

watershed.

At about the same time the floodline mapping was completed, approval for a site specific
development proposal was put forth to construct a new building by the Humane Society of
Kawartha Lakes located on MclLaughlin Road. This property is located within a flood hazard
area as identified in the recently prepared floodline mapping.

The second goal of this study was to assess in detail the flood hazards associated with the
approved development of the new Humane Society of Kawartha Lakes building on McLaughlin

Road.

The City of Kawartha Lakes is growing, and with all growing cities it is essential to understand
the policies in place which regulate development within flood hazard areas. It is important for
growing communities to resist and control pressures to encroach on flood-prone lands.
Infrastructure development on lands that are not flood-prone should be given priority, and land
management tools, such as zoning, should be used to supplement infrastructure policies.

Two important acts which regulate development within the flood hazard areas are the Planning
Act and the Conservation Authority Act. The Conservation Authority Act gives Kawartha Region
Conservation Authority (KRCA) the powers to establish regulations and develop policies for
managing land uses in flood prone areas. The KRCA has established Watershed Management
Policies to regulate development and other land uses within flood hazard areas (KRCA 2002).
Further details of the specific requirements are contained in the KRCA Watershed Management

Polices Document.
The Ops#1 Drain and Jennings Creek watershed embody existing and future land uses and

development proposed by the City of Kawartha Lakes. These development areas either contain
fully residential, commercial, industrial or agricultural zoning. Using a combination of land use,

GRECK AND ASSOCIATES LIMITED



OPS# 1 DRAIN FLOOD HAZARD MANAGEMENT GUIDELINES

development boundaries and major highway right of ways within the Ops#1 Drain watershed a
set of six flood hazard management areas were defined, see Figure 3. These areas were
introduced to provide an organized and tailored approach to address flood management and
the nature of flood hazards within each specific area.

Each management area was examined to identify the nature and causes for flood hazards in the
area. Area specific recommendations were developed included flood hazard policies to be used
and infrastructure improvements.

The recommendations presented for each management area have been summarized in Table 6.
The recommendations presented are not intended to address the operation or obligations for
maintenance or improvement of the drain as required and defined under the Drainage Act.

To assist with implementation of provincial policies and the management of flood hazard areas
by the City of Kawartha Lakes and the KRCA, a set of fact sheets have been prepared. The fact
sheets summarize and organize in point form the key elements for flood hazard management in
each management area.

This report provides discussion on implementing the recommendations provided including:

e Use of the one and two zone policies in the Ops#1 Drain/Jennings Creek watershed

e The need for suitable regulatory floodline mapping

e Works for the Ops#1 Drain to reduce flood hazard potential

e The need for stormwater management quantity controls

e The filling of Area 3 and construction of a new drain

e Using an adaptive management approach for long term flood hazard management

o Review of the Ontario Drainage Act and abandoning the Ops#1 Drain as defined by the
Act.

o Responsibilities and who pays for flood hazard management works on the
Opst#t1Drain/Jennings Creek, and

o Listing of other regulations, acts and policies which need to be considered when
implementing flood hazard management works.

Key findings of this study include:

1. Review of the existing floodline mapping and supporting analyses suggests a strong
need to reassess the hydrology and hydraulics of the Ops#l Drain/Jennings Creek
watershed to ensure the flood hazards are correctly identified for management. As
such, references to specific drain capacities, flow rates, storage volumes, flood
elevations, culvert improvements etc. are subject to change. At best the floodline

GRECK AND ASSOCIATES LIMITED I



OPS# 1 DRAIN FLOOD HAZARD MANAGEMENT GUIDELINES

mapping used provides an indication of the approximate elevation, depths and extents
of flood hazard areas throughout the Ops#1 Drain/Jennings Creek watershed.

2. Flood hazards in Area 1 are primarily associated with undersized culverts at William
Street N., a berm and Victoria Trail which causes backwater and flooding of adjacent
lots. Furthermore, spills of flood water occur to undeveloped lands between these

crossings.

3. Flood hazards in Area 2 for the regional storm event are primarily defined by backwater
conditions caused by the limited capacity of the culvert at Angeline Road North.

4. Potential flood hazards for Area 3 occur as a result of the overtopping of Highway 35
and direct connection of the service culvert for this area. The low lying nature of this
land would result in the retention of flood water from the Ops#1 Drain. While filling of
Area 3 may remove it from a regulatory flood hazard designation, careful consideration
is required to provide minor and major drainage system services for this area.

5. Area 4 and 5 have significant flood prone areas which are attributed to the limited
capacity of culverts, design of the Ops#1 Drain, and the natural low lying topography of

the flood plain.

6. Area 6 is a very urbanized area with significant potential for flooding. Limited culvert
capacity and the natural low lying topography are the primary causes for flooding.
However, hydraulic analyses completed in this study suggest flood hazards may not be
as severe as suggested by existing floodline mapping. While Flood hazards are lower
and place less of risk to the new Humane Society of Kawartha Lakes building, access to
and from the building via McLaughlin Road remains.

The following is a list of recommendations prepared from the work completed by this study.

1. Prepare suitable regulatory floodline mapping stamped by a professional engineer for
the entire Ops#1 Drain and Jennings Creek Watershed. This will require significant
refinements to the latest hydrologic and hydraulic models developed for the entire
watershed. The analyses should consider specific development plans and their
stormwater management requirements as would be expected in a master drainage
study. A number of improvements are particularly required in the routing of flood flows
and the hydraulic modeling. The hydraulic model should be georeferenced for
integration with other municipal planning documents and for day to day operations and
review of development applications and approvals. The completion of this work is

GRECK AND ASSOCIATES LIMITED 1]
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important for the planning and implementation of policy development and related flood
hazard management works in the watershed.

2. Future assessment of watershed hydrology, hydraulics and flood hazards should include
an integrated assessment of the effects on channel erosion and water quality to ensure
the Ops#1 Drain and Jennings Creek function efficiently.

3. The City of Kawartha Lakes should consider placing a priority on implementing drainage
improvements at the twin culverts at Moose Lodge. The existing culverts and earth fill
providing access to the playfield are a significant restriction to the passage of flood
water in the Ops#1 Drain and increase flood risks to MclLaughlin Road. Two options
should be considered, complete removal of the culverts and fill with an alternative
access route, or complete removal with a clear spanning bridge.

4. The City of Kawartha Lakes should coordinate the need for drainage improvements
related to managing flood hazard, with the need for culvert improvements required by
MTO.

5. The City of Kawartha Lakes, KRCA and proponents for land use changes in management
Areas 2 and 3 should work together to develop a detail plan and strategy for the
placement of fill and new drainage works to service these lands.

6. The KRCA together with the City of Kawartha Lakes should develop specific policy
related to the use of a two zone policy in designated areas. To develop this policy a two
zone study is required in management Areas 4, 5 and 6. Specifically this study should
include but not be limited to defining the floodway and flood fringe areas, roadways
with ingress and egress constraints, allowable areas of encroachment in the flood fringe,
and requirements for flood proofing. This work could be completed as part of
Recommendation 1 or completed subsequent to the completion of Recommendation 1.
Due to the implications to current and future land uses and possible impacts to private
and public lands this work should be completed following the spirit of Conservation
Authority Class Environmental Assessment process.

7. The City of Kawartha Lakes and the KRCA should develop a strategy for implementing
drainage improvement works on the Ops#1 Drain and Jennings Creek. This strategy
should consider how to make use of development charges to offset the cost of these
works.

GRECK AND ASSOCIATES LIMITED v
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8. The City of Kawartha Lakes should carryout maintenance works on the Ops#1 Drain
including a drain cleanout and improvements to existing culverts. The drain cleanout
should be carried out as required under the Drainage Act. The culvert improvements
should be based on the requirements for managing flood hazards. The costs for these
improvements should not be limited to those who receive benefits (as defined by the

Drainage Act) from the Ops#1 drain.

9. The KRCA should review their current Watershed Management Policy Document and
update this document as needed to reflect any of the guidelines adopted from this

study.

10. The City of Kawartha Lakes should review the need to maintain the current municipal
drain status of the Ops# 1 Drain. Based on the work completed in this study partial or
complete abandonment of the drain should be considered.

GRECK AND ASSOCIATES LIMITED



\ FIGURE 1: OPS #1 Drain / Jennings Creek Watershed
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CITY OF KAWARTHA LAKES

COMMUNITY OF LINDSAY - STORM SEWER SERV ICING STUDY

STUDY REPORT

TSH Project No. 52-27501



March 9. 2004

Mr. Wayne Hancock, B.A.Sc., P.Eng.
Director. Enginecring and Public Works
City of Kawartha Lakes

50 Wolfe Street

Lindsay, Ontario

K9V 2)2 .

Dear Mr. Hancock:

Re: City of Kawartha Lakes
Lindsay Community
Storm Sewer Servicing Study
TSH Project No. 52-27501

We are pleased to submit, herein, our final storm: sewer servicing study report for the Lindsay

community. The report addresses the following:

s A description of the study area

o A detailed inventory of the existing storm sewer system in the community
» An evaluation of the existing system performance

¢ A description of upgrades required in the Storm sewer system

s Estimates of capiizi costs for upgrading

We wish to acknowledge the generous assistance provided 0 us by City's Environmental Services.
Engineering and Planning staffs in undertaking this study.

Yours very truiy,

R.B. Baker, P.Eng.
Senior Vice President

LDP/ldp
CTSHESOIENVIRON'PROJECTS Environment:li32-2750 reports Lindsay Storm Sewer Report.doc
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JENNINGS CREEK FLOODPLAIN MIAPPING STUDY

1.0 [INTRODUCTION

Jennings Creek begins just East of Highway 35 where it receives water from the OPS#1
Municipal Drain and ends shortly East of Victoria Trail, where it then flows into the Scugog
River. Currently there is no approved floodline mapping for the Jennings Creek. As such, Greck
and Associates Limited have been retained by Dunster Investments on behalf of the Woods of
Jennings Creek development to prepare floodplain mapping along Jennings Creek from

Angeline Road downstream to the Scugog River.

The Woods of Jennings Creek Developments have been proposed in the City of Kawartha Lakes
and are located East of Angeline Street and South of Thunder Bridge Road. The residential
development will run along the south side of Jennings Creek beginning from Angeline Street
downstream to the public trail known as Victoria Trail, see Figure 1.

Previous studies have shown that significant flooding near the lower end of Jennings Creek can
be attributed to the limited capacity and earth embankments at the three culvert crossings
including William St, an abandoned railway crossing and Victoria Trail. The current level of
flooding puts existing residential housing at risk as well as limits future development
opportunities. For these reasons, a hydraulic analysis has been provided to assess the combined
and independent impacts of these structures, as well as provide alternative crossing concepts

to lower these existing flood impacts.

GRECK AND ASSOCIATES LIMITED
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2.0 BACKGROUND INFORMATION

Jennings Creek provides the natural channel system outlet for the OPS#1 Municipal Drain. It is
confined in a well defined 2.6km long valley which flows into the Scugog River part of the Trent
Severn Canal system into Sturgeon Lake. Currently the creek is surrounded by dense riparian

vegetation and cultivated land.

Previous studies have been completed by the City of Kawartha Lakes to assess the floodplain
characteristics of Jennings Creek, including hydrology and hydraulic analysis. The recent studies
which were reviewed and used to supplement this project included:

1. OPS#1 Drain Floodplain Mapping Update by Aecom April 2010 and the,

e  Hydrologic Modeling
e  Hydraulic Modeling
e  Floodplain Mapping
2. Flood Hazard Management Guidelines by Greck and Associates Limited, 2011.

The ﬂoodplain mapping, and hydraulic modeling produced from the 2010 Floodplain Mapping
Report provided by the City had been deemed un-acceptable by the City of Kawartha Lakes and
the Kawartha Lakes Conservation Authority (KRCA) and was therefore only used as a reference.
Because of this, new suitable hydraulic modeling and floodplain mapping had to be prepared.
Topographic survey information was used to develop both the hydraulic model and floodplain
base mapping. The topographic survey information was retrieved in October and November of

2011 and provided by:

1. Coe Fisher Cameron Ontario Land Surveyors — Woods of Jennings Creek Development and,

2. A.R. (Sandy) Wakeling, Ontario Land Surveyors Association - Proposed plan of subdivision
located east of Angeline Street North in Part of Lot 24, Concession 5, and being Part 1to5ofPlan
57R-1007 (Angeline St. Investments Inc.)

In addition, site visits were taking to ground truth topographic mapping and assess éxisting land

characteristics.

GRECK AND ASSOCIATES LIMITED
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3.0 HYDROLOGY

Hydrologic storm event flow rates were retrieved from a past study provided by the City of
Kawartha Lakes. The City would like to redo the project; however for the time being it was
agreed these calculated flows would be used. To accommodate any variance in flows a
sensitivity analysis was completed. A 20% increase and decrease was applied to the existing
flow rates and analyzed in the hydraulic model. Table 1, shows the flows used for this study
retrieved from the past hydrology study.

Table 1 - Hydrology Flows for Hydraulic Modelling

Hec-Ras Hec-Ras
Storm Event Section .25  Section 1.16
Flow {cms)

2yt 141 189

Syr 264 33.2
i0yr 34.6 451
25yr 436 59.1
S50yr 49.8 49.8
100yr 55.3 799
Regional 109 111

4.0 HYDRAULICS AND FLOODLINE

A hydraulic analysis was performed using Hec-Ras software. The base model geometry was
developed using topographic survey data retrieved in October and November of 2011. Cross-
sections were cut accordingly and referenced geodetically, see Figure 2. Flows were extracted
from the previous hydraulic study provide by the City of Kawartha Lakes. Crossing structures
and channel characteristics were retrieved from survey data, previous studies, site inspection
and photographs. Crossing infrastructure data used can be seen in Table 2.

Table 2 - Jennings Creek Crossing Structure Data

hcielnd Struidore Dimensions (m) WxH Mannings

Crossing Structure

Type

Victoria Trail Corrugated Metal Box 2R2 0.04
. N Z.
y Comervl

Abandoned Railway Corrug:::: ot € 2.2X23 0.035
Lindsay Street Corruga.ted L 3.9 dia. 0.024

, Pipe
Angeline Street Concrete Box 42X2.6 0.013

GRECK AND ASSOCIATES LIMITED
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The downstream boundary conditions used for the hydraulic model can be seen in Table 3. The
Regional and 100yr events used the recorded 100yr Lake Scugog level of 248.4m and the other
event storms used the controlled Scugog Lake water level of 247.76m

Table 3 - Hec-Ras Starting Water Leve! Boundary Conditions

Storm Event Starting Known W.S Elevation (m)

2yr 247.76

Syr 247.76
10yr . 24746
25yr 24776
S0yr 247.76
100yr 248.4
Regional 248.4

Minor topographic changes were made to the Hec-Ras geometry. Section 1.13 was adjusted to
account for proposed fill conditions from Alcorn Drive and The Woods of Jennings Creek
subdivision designs. The floodline was drawn on the mapping based on these future conditions
which incorporated 1:3 slopes from the proposed rear of the lot to existing grade. Please see
the Detail A on the Floodline Mapping included.

Results showed that regulatory flood levels generally remained within the confined slopes of
Jennings Creek valley. However, downstream backwater accumulated behind Lindsay Street,
Victoria Trail and the abandoned rail line culverts cause water to spill north along Lindsay Street
and south down Victoria Trail, see floodline mapping in back pocket. These high flood water
levels encroach onto existing properties as well as areas proposed for new development. The
backwater affects extend 600m upstream of Lindsay Street (cross-section 1.13) and can be seen
in Figure 3 which shows the Hec-Ras profile of Jennings Creek. Backwater conditions are
present for the 2 year to Regional event storms, indicating that the current infrastructure is
greatly undersized and restrictive to flow. Table 4 shows the estimated existing backwater
flood elevations immediately upstream of the structures between sections 1.06 and 1.09.

The current plan for The Woods of Jennings Creek subdivision encroaches into the 5 year to
Regional flood plain immediately upstream of Lindsay Street at an approximate flood level of
254.3m, sections 1.06 to 1.09 of the Hec-Ras model. The following section will introduce the
flood relief options available to help lower these backwater flood levels.

GRECK AND ASSOCIATES LIMITED
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Table 4 - Backwater Elevations Immediately Upstream on Jennings Creek Downstream
Crossing Structures

: Water Surface

Storm Event Elevation {m)
2yr 25371
Byr 254.35
10yr 254.46
25yr 254.56
50yr 25450
100yr 254.68
Regional 254.84

A sensitivity analysis was completed to assess potential variance in storm flows retrieved from
the previous hydrology study and their potential impact on hydraulic conditions. A 20%
increase and decrease was applied to the inflows and run through the model. These changes in
flow showed a negligible change in hydraulic results. This shows stability in the model and
shows that a variation of the calculated hydrologic flows would give similar hydraulic results.
This sensitivity analysis can be seen under the “Existing_TSHFlows_20%QInc” and
“Existing_TSHFlows_20%QDec” Hec-ras plan files.

A table of Hec-Ras outputs can be seen in the Appendix. Furthermore, a digital copy of the
hydraulic model is enclosed with this report.

4.0 FLOOD RELIEF SOLUTIONS

Lindsay Street, the abandoned railway and Victoria Trail near the downstream end of Jennings
Creek severely restrict regulatory flows causing significant backwater. This is due to the fact
that these hydraulic structures are undersized and their crossing embankments act as dams.

Hydraulic analyses were completed to assess potential flood relief solutions. Various
adjustments to the existing hydraulic infrastructure and crossing landforms were undertaken.
It was found that increasing existing culvert sizing alone would have insignificant impact on
backwater flood water elevations. In fact, the major cause for backwater can be attributed to
the Victoria Trail embankment and abandoned railway landforms. Both these embankments
could be adjusted and or removed to a point where flood elevations can become substantially
lower.

GRECK AND ASSOCIATES LIMITED
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Appendix C
Rainfall Data



6164432 .txt
ATMOSPHERIC ENVIRONMENT SERVICE
SERVICE DE L"ENVIRONNEMENT ATMOSPHERIQUE

RAINFALL INTENSITY-DURATION FREQUENCY VALUES
INTENSITE, DUREE ET FREQUENCE DES PLUIES

DATA INTEGRATION DIVISION
. LA DIVISION DU TRAITEMENT DES DONNEES

GUMBEL - METHOD OF MOMENTS/METHODE DES MOMENTS - 1990

TABLE 1 LINDSAY FILTRATION PLANT ONT 6164432

LATITUDE 4421 LONGITUDE 7844 ELEVATION/ALTITUDE 252 M
R R I D T T R s s i i i L

YEAR 5 MIN 10 MIN 15 MIN 30 MIN 1H 2 H 6 H 12 H 24 H

ANNEE
1965 14.7 21.6 22.9 30.7 31.5 32.5 55.9 56.1 56.1
1966 5.8 6.6 8.9 13.5 20.1 30.2 30.5 30.5 30.5
1967 8.4 11.4° 14.5 15.5 15.5 18.5 27.4 " 39.1 49.0
1968 7.1 14.2 17.3 24.4 41.9 55.1 67.3 67.3 67.3
1969 4.6 7.1 8.1 9.4 12.2 12.4 23.4 32.5 40.6
1970 13.0 17.8 19.8 22.9 25.7 30.0 39.1 50.5 55.1
1971 11.9 13.2 17.0 19.6 27.9 33.5 36.6 37.6 39.1
1972 4.6 6.6 8.9 11.9 11.9 15.0 30.5 33.0 34.8
1973 7.4 14.5 15.0 17.5 19.0 22.4 31.0 32.3 43.9
1974 8.1 12.7 15.5 22.6 35.1 45.5 49.0 56.1 56.1
1975 10.4 15.2 15.5 22.4 22.4 29.0 39.1  39.1 40.1
1976 6.3 9.1 10.2 13.7 23.9 23.9 34.0 38.1 38.1
1977 9.7 12.7 14.7 16.8 21.3 21.6 35.8 43.4 43.9
1978 7.6 13.2 19.8 21.6 25.3 27.7 27.9 27.9 32.8
1979 11.0 13.9 13.9 14.1 14.1 16.6 21.0 34.8 35.2
1980 13.3 15.8 20.2 28.3 51.8 53.9 69.8 70.4 82.8
1981 7.8 15.2 19.8 32.4 33.4 33.7 35.3 36.0 36.0
1982 10.0 16.2 19.0 23.4 36.2 41.8 45.6 45.6 45.6
1983 14.0 18.8 18.8 20.1 23.8 - 23.9 26.4 27.8 30.9
1984 10.7 12.8 19.2 36.8 44.4 57.6 84.3 84.6 84.7
1985 7.7 12.8 17.3 25.2 27.5 32.4 42.4 42.4 42.4
1986 5.8 6.9 7.1 10.5 13.6 26.8 41.1 42.1 42.1
1987 7.1 8.2 10.3 14.6 17.3 20.7 22.7 22.8 34.1
1988 6.6 12.1 18.2 24.4 24.9 24.9 25.2 25.2 40.0
1989 -99.9 -99.9 -99.9 -99.9 -99.9 -99.9 -99.9 -99.9 48.6

NOTE:—99.§ INDICATES MSG DATA
DONNEES MANQUANTES

# YRS. 24 24 24 24 24 24 24 24 25
ANNEES

MEAN 8.9 12.9 15.5 20.5 25.9 30.4 39.2 42.3 46.0
MOYENNE
STD. DEV. 2.9 3.9 4.5 7.1 10.5 12.4 16.1 15.2 14.4
ECART-TYPE
SKEW .49 .03 -.51 .45 .79 .90 1.41 1.28 1.58
DISSYMETRIE
KURTOSIS 2.58 3.14 2.52 3.07 3.55 3.48 4.93 4.70 5.40
KURTOSIS

NOTE: -99.9 INDICATES LESS THAN 10 YEARS OF DATA AVAILABLE
INDIQUE MOINS DE 10 ANNEES DE DONNEES DISPONIBLES
ATMOSPHERIC ENVIRONMENT SERVICE
SERVICE DE L"ENVIRONNEMENT ATMOSPHERIQUE

Page 1



6164432.txt

RAINFALL INTENSITY-DURATION FREQUENCY VALUES
INTENSITE, DUREE ET FREQUENCE DES PLUIES

GUMBEL - METHOD OF MOMENTS/METHODE DES MOMENTS - 1990
e e R L L R e A R AR A A AR

TABLE 2 LINDSAY FILTRATION PLANT ONT - - 6164432

LATITUDE 4421 LONGITUDE 7844 ELEVATION/ALTITUDE 252 M
R T R R 2 R L L L T e e sl e

RETURN PERIOD RAINFALL AMOUNTS (MM)
PERIODE DE RETOUR QUANTITIES DE PLUIE (MM)

DURATION 2 5 10 25 50 100 # YEARS
DUREE YR/ANS YR/ANS YR/ANS YR/ANS YR/ANS YR/ANS ANNEES
5 MIN 8.4 11.0 12.7 14.9 16.5 18.1 24

10 MIN 12.2 15.7 18.0 20.9 23.1 25.2 24

15 MIN 14.8 18.7 21.3 24.6 27 1. 29.5 24

30 MIN 19.3 25.6 29.8 35.1 39.0 42.8 24

1H 24.1 33.4 39.6 47.3 53.1 58.8 24
2 H 28.4° 39.3 46.6 55.8 62.6 69.4 24
6 H 36.6 50.8 60.2 72.1 80.9 89.7 24
12 H 39.8 53.2 62.2 73.4 81.8 90.1 24
24 H 43.6 56.4 64.8 75.4 83.3 91.2 25

RETURN PERIOD RAINFALL RATES (MM/HR)-95% CONFIDENCE' LIMITS
INTENSITE DE LA PLUIE PAR PERIODE DE RETOUR (MM/H)-LIMITES DE CONFIANCE DE 95%

DURATION 2 YR/ANS 5 YR/ANS 10 YR/ANS 25 YR/ANS 50 YR/ANS 100 YR/ANS
DUREE

5 MIN 101.0 132.2 152.8 178.9 198.2 217.5
+/- 13.0 +/- 21.8 +/- 29.5 +/- 39.7 +/- 47.5 +/- 55.4

10 MIN 73.3 94.2 108.1 125.6 138.5 151.4
+/- 8.7 +/- 14.6 +/- 19.8 +/- 26.7 +/- 31.9 +/- 37.2

15 MIN 59.1 74.8 85.3 98.4 108.2 117.9
+/- 6.5 +/- 11.0 +/- 14.9 +/- 20.1 +/- 24.0 +/- 28.0

30 MIN 38.7 51.3 59.6 . 70.1 77.9 85.7
+/- 5.2 +/- 8.8 +/-11.9 +/- 16.0 +/- 19.2 +/- 22.3

1H 24.1 33.4 39.6 47.3 53.1 58.8
+/- 3.9 +/- 6.5 +/- 8.8 +/- 11.8 +/- 14.1 +/- 16.5

2 H 14.2 19.7 23.3 27.9 31.3 34.7
+/- 2.3 +/- 3.8 +/- 5.2 +/- 7.0 +/- 8.4 +/- 9.8

6 H 6.1 8.5 10.0 12.0 13.5 14.9
+/- 1.0 +/- 1.7 +/- 2.2 +/- 3.0 +/- 3.6 +/- 4.2

12 H 3.3 4.4 5.2 6.1 6.8 7.5
+/- .5 +/- .8 +/- 1.1 +/- 1.4 +/- 1.7 +/- 2.0

24 H 1.8 2.3 2.7 3.1 3.5 3.8
+/- 2 +/- .4 5 +/- 7 +/- .8 +/- .9

+/- . .
ATMOSPHERIC ENVIRONMENT SERVICE
SERVICE DE L"ENVIRONNEMENT ATMOSPHERIQUE

RAINFALL INTENSITY-DURATION FREQUENCY VALUES
INTENSITE, DUREE ET FREQUENCE DES PLUIES

GUMBEL - METHOD OF MOMENTS/METHODE DES MOMENTS - 1990
R A e e R R R R Rl R R e R de de A R B A de Ao Ao A el de dede e dede o de e de e dede e de o de e e e de dededede dode de do de B de B de de de de de dede de G dede e

TABLE 3 LINDSAY FILTRATION PLANT ONT : 6164432

LATITUDE 4421 LONGITUDE 7844 ELEVATION/ALTITUDE 252 M
Page 2



6164432.txt

B R R L T L e et R

INTERPOLATION EQUATION / EQUATION D"INTERPOLATION: R = A * T ** B
= RAINFALL RATE / INTENSITE DE LA PLUIE (MM /HR)
T = TIME IN HOURS / TEMPS EN HEURES

STATISTICS 2YR 5 YR 10 YR 25 YR 50 YR 100 YR
STATISTIQUES ANS ANS ANS ANS ANS ANS
MEAN OF R 35.7 46.7 54.0 63.2 70.1 76.9
MOYENNE DE R
STD. DEV. R 35.1 45.4 52.1 60.7 67.1 73.4
ECART-TYPE
STD. ERROR 9.4 12.4 14.5 17.1 19.0 21.0
ERREUR STANDARD
COEFF. (A) 20.9 27.8 32.3 38.0 42.3 46.5
COEFFICIENT (A)

EXPONENT (B) -.719 -.713 -.710 -.708 -.706 -.705
EXPOSANT (B)

MEAN % ERROR ) 10.4 12.1  13.1 14.1 14.7 15.2
% D'ERREUR ' ' '

Page 3
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Hour

1st
2nd
3rd
4th
5tn
oth
7th
8th
9th
10th
11th
12th

NOTE: Reduc

TABLE D-4

TIMMINS - RAINFALL DEPTHS

TOTAL

0
26
51
76

101
151
201
251
376
501
751

1001

1251

1501

1801

2101

2301

2601

3901

5201

6501

tion

Depth

@)~ Tnches

15
20
10

3

5
20
43
20
23
13
13

193

~

TABLE D-5

I cocoor~oococooco
. 5w 8 8 FE d e e e
o lu:mcnu>m~403Nrdb<bos

Percent of
12 Hour

8
10

TIMMINS - AREAL REDUCTION

Area

__. (km2)

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

25
50
75
100
150
200
250
375
500
750
1000
1250
1500
1800

2100 -

2300
2600
3900
5200
6500
8000

Reduction Factor
Percentage

100 (no reduction)
97
94
90
87
84
82
79
76
74
79
68
66
65
64
63
62
58
56
53
50

factor to be multiplied by the rainfaill.

D-8
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FIGURE D-4

TIMMINS STORM HYETOGRAPH
AND DIMENSIONLESS DISTRIBUTION




MTO Drainage Management Manual

Design Chart 1.04: Timmins Storm

Source: Ministry of Transportation, MTO (1989)

Depth
Percent of 12 hour
(mm) (inches)
1st hour 16 0.6 8
2nd hour 20 0.8 10
3rd hour 10 0.4 6
4th hour 3 0.1 1
5th hour 5 0.2 3
6th hour 20 0.8 10
7th hour 43 17 23
8th hour 20 0.8 10
9th hour 23 0.9 12
10th hour 13 0.5 6
11th hour 13 0.5 7
12th hour _8 03 _4
193 .6 100
Drainage Area Percentage
(km?)
0to25 100.0
26 to 50 97
51t075 94
76 to 100 90
101 to 150 87
151 to 200 84
201 to 250 82
251 to 375 79
376 to 500 76
501 to 750 74
751 to 1000 70
1001 to 1250 68
1251 to 1500 66
1501 to 1800 65
1801 to 2100 64
2101 to 2300 63
2301 to 2600 62
2601 to 3900 58
3901 to 5200 56
5201 to 6500 53
6501 to 8000 50°

18
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Lindsay AES Data (comparing to Aecom report)

Intensity Values in AES 1965-1989
Ralnfall Intensity (mm/hr)
Minutes 2-year _ S-year _ 10-year 25-year 50-year 100-year
5 1010 1322 152.8 1789 1982 2175
10 733 942 108.1 1256 1385 1514
15 59,1 748 85.3 984 108.2 179
30 38,7 513 59.6 70.1 779 85.7
60 2441 334 39.6 471.3 53.1 58.8
120 14.2 18.7 233 27.9 313 347

360 8.1 8.5 10.0 12,0 135 14.9
720 33 4.4 52 6.1 6.8 75
1440 18 23 27 31 35 38
Provided from AES Used in 2010 Aecom Report (CKL Engineenng Standards)
Return Period  2-year 5year  10-year 25-year 50-year 100-year Return Period  2-year 5.year 10-year 25-year 50-year 100-year
Parameters Parameters
a 209 278 323 38 423 46.5 a 628.107 820.229 915845 1041.821 1139.702 1230.783
b -0.719 -0.713 -0.710 -0.708 -0.706 -0.705 b 53 6.0 6.0 6.0 6.0 6.0
c 0.78 0.768 0.757 0.748 0.743 0.738
Calculated Rainfall Intensities using a. b from AES pantout Calcuiated Rainfall Intensities using a. b, ¢ from Aecom Report
Rainfall Intensity (mm/hr) Rainfall Intensity (mm/hr) I
Minutes 2-year 5year  10-year 25-year 50-year Minutes 2-year 5year  10-year 25-year 50-year 100-year
5 1248 163.5 188.5 2207 2445 5 102.1 130.0 149.0 1730 191.6 209.4
10 758 99.7 1153 135.1 1499 10 749 97.5 112.2 1308 1451 158.9]
15 56.6 74.7 86.4 1014 1126 15 60.1 791 814 106.8 1186 130.
30 344 456 528 62.1 69.0 30 39.0 523 60.8 714 795 87.
60 209 278 323 38.0 423° 60 “24.4 328 384 454 - 50.7 55.
120 127 17.0 197 233 259 120 145 200 235 280 313 34.7]
360 58 77 9.1 10.7 119 360 6.3 88 10.5 126 14.2 15.8
720, 35 47 55 65 73 720 37 52 6.3 75 8.5 9.5
1440 2.1 2.9 34 40 4.5 1440 _22 31 3.7 4.5 5.1 5.7
Minutes 2-year Syear 10-year 25year 50-year 100-year Minutes 2-year 5year  10-year 25-year 50-year 100-year
5 124% 124% 123% 123% 123% 123% 5| 101% 98% 98% 97% 7% 96%
10 103% 106% 107% 108% 108% 109% 10, 102% 103% 104% 104% 105% 105%
15, 96% 100% 101% 103% 104% 105% 15 102% 106% 107% 108% 110% 110%
30, 89% 89% 89% 89% 89% 88% 30, 101% 102% 102% 102% 102% 102%
60 87% 83% 82% 80% 80% 79% 60 100% 98% 97% 96% 95% 95%
120 89% 86% 85% 83% 83% 82% 120 102% 101% 101% 100% 100% 100%
360, 94% 91% 91% 89% 88% 88% 360 103% 104% 105% 105% 105% 106%
720 106% 107% 106% 107% 108% 108% 720 112% 118% 120% 124% 125% 127%
1440 118% 125% 125% 128% 128% 130% 1440 120% 133% 137% 145% 146% 151%
average = 101% 101% 101% 101% 101% 101% average = 105% 107% 108% 109% 109% 110%
median = 86% 100% 101% 103% 104% 105% median = 102% 103% 104% 104% 105% 105%
min = 87% 83% 82% 80% 80% 79% min = 100% 98% 97% 96% 95% 95%
max = 124% 125% 125% 129% 128% 130% max= 120% 133% 137% 145% 146% 151%

Calculated Rainfall Intensilies using a, b.c from IDF-fit spreadsheet
a= 808299 1248.097 1486.792 1917.848 2142.007 2465.522
b= 7413 9.760 1044 11842 12182 12897
c= 0.835 0.857 0.858605 0.872971 0.871993 0.879

Rainfall Intensity (mm/hr)

2 50
98.7 1242 1418 163.0 1794
744 96.7 1114 1299 143.6
15 60.2 79.7 924 108.5 1203
30, 393 53.1 62.0 737 82.0
60 240 328 385 459 513

120 141 19.3 227 270 30.3
360 58 79 23 109 123
720 33 4.4 5.2 6.1 6.8
1440 1.9 2.4 29 33 3.7

Minutes 2-year 5year  10-year 25-year 50-year 100-year

5 98% 94% 93% 91% 91% 90%

10, 101% 103% 103% 103% 104% 104%
15 102% 107% 108% 110% 1% 112%
30, 101% 104% 104% 105% 105% 106%
60 100% 98% 97% 97% 97% 97%
120 99% 98% 7% 97% 97% 97%
360 96% 92% 93% 91% 81% 91%
720 100% 100% 99% 99% 100% 100%
1440 103% 106% 106% 107% 107% 108%

average = 100% 100% 100% 100% 100% 100%
median = 100% . 100% 99% 99% 100% 100%
min = 96% 92% 93% 91% 91% 90%
max = 103% 107% 108% 110% 11% 112%

Comparing IDF Lindsay (Ops).xs.xis
sheet: AES vs Aecom
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Comparing 12-hour Rainfall Volumes

Rainfall Volumes (mm
Return Period Storm Measured Using CKL a, b, ¢ % Diff | Using new a, b, ¢ | % Diff

2 39.8 44.3 111% 39.6 99%

5 53.2 62.5 17% 52.7 99%

10 62.2 75 121% 61.9] 100%

25 734 90.6 123% 72,7 99%

50 81.8 100.4 123% 817 100%

100 90.1 114.3 127% 89.7] 100%

\\Saturn\Shared\Jessica\KRCA\Reports Working\Hydrology\Comparing IDF Lindsay (Ops).xls
Sheet: Comparing rain volumes
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Page 1 of 1

Christie Peacock

From: Jessica Mueller [jmueller@grca.on.ca)

Sent: January-07-14 1:41 PM

To: 'Mark'; 'Christina Sisson'; 'Peter Waring'

Cc: jourgess@kawarthaconservation.com; 'Christie Peacock'; pbuckley@kawarthaconservation.com
Subject: Increased/Decreased precipitation data

Attachments: ComparisonPPTvolume_increase_decrease_commercialArea_zoomIN.docx

Dear Technical Committee, .

As discussed at the last meeting at KC regarding the floodplain mapping study for the Ops Drain #1/Jennings
Creek a precipitation sensitivity analyses was carried-out as per the peer reviewer’s recommendation. Please
find the results attached and kindly review the memo to indicate which rainfall data should be used to generate
the floodlines.

In order to meet the timelines determined during the last meeting, direction to staff is required by Friday 17th,
2014.

Thank you,
Jessica

Jesstea Mueller

GIS / EngineeringTechnician

Ganaraska Region Conservation Authority
2216 County Road 28

Port Hope, Ontario

Email: jmueller@grca.on.ca

19/03/2014



Memo regarding the use of rainfall data from Lindsay Filtration Plant

The hydrology peer review compared the Lindsay and Peterborough AES rain gauge
data and determined that the Peterborough gauge experienced an increase in total
rainfall volumes for the years following the abandonment of the Lindsay rain gauge.
The technical committee for the Ops Drain #1/Jennings Creek floodplain model study
directed staff to a carry out a sensitivity analysis of the precipitation volumes, as per

the peer reviewer's recommendation.

Rainfall volumes were reduced/increased by 10% of the original values and input into
the PCSWMM hydrology model to determine the subsequent peak flows for the 12-
hour Chicago storm. Resultant peak flows were then entered into the static HEC-RAS
model. The figures above show a comparison of the calculated floodlines for the three

separate scenarios:

o The pink line represents the floodline when storm volumes are increased 10%

o The blue line represents the original Lindsay gauge rainfall volumes

e The green line represents the floodline when storm volumes are decreased 10%

The results show that a difference in water surface elevations in two areas: upstream of
Hwy 7, and between Angeline St and Hwy 35. Only the area upstream of Hwy 7 is of
concern since at Angeline St. the Timmins storm is the event that determines the
floodplain. The effect of the rainfall adjustment is therefore of consequence only for
the commercial area. The second figure is a blow-up that indicates the differing water
surface elevations: 271.66 m (10% increase), 271.54 m (original Lindsay data) to 271, 53

m (10% decrease).

In order to complete the report and maps, staff require direction from the committee
whether the base rain data or the 10% increase should be used in the final analyses.
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Page 1 of 1

Christie Peacock

From: Jessica Mueller [jmueller@grca.on.ca]

Sent: January-15-14 9:59 AM

To: ‘Christina Sisson'; ‘Mark'; 'Peter Waring'

Cc: jburgess@kawarthaconservation.com; 'Christie Peacock'; pbuckley@kawarthaconservation.com
Subject: Follow up regarding Lindsay/Peterborough station rainfall data

Attachments: MemoComparisonPtboLindsayPPTdata.docx

Greetings!

Please find attached a memo regarding the comparison of the Peterborough versus Lindsay station rainfall data
in addition to the memo sent on Jan 7, 2014. This second analysis determines that there is no difference of
water surface elevation generated for the area in question if rainfall data of the Lindsay station is compared to
the rainfall data recorded at the Peterborough station.

Therefore, staff recommends continuing using the original Lindsay station data for the final report and analyses.

Please kindly discuss these findings and advise staff by Jan 17th, 2014 of your recommendation.

Thank you,

Jessica Mueller

GIS / EngineeringTechnician

Ganaraska Region Conservation Authority
2216 County Road 28

Port Hope, Ontario

Email: jmueller@grca.on.ca

19/03/2014



Memo regarding increased/decreased rainfall volumes by 10 % of the original values

As mentioned in the previous memo the Peterborough gauge experienced an increase in total rainfall volumes
in the years following the decommissioning of the Lindsay station. As shown in the memo sent on Jan 7, 2014
this increase has an impact for the commercial area. Consequently KC staff ran a second analysis comparing

rainfall data from the Peterborough station versus the Lindsay station.

The first figure shows a comparison of the resultant rainfall intensities using respective IDF values for the
measured and calculated values from the Peterborough station and the measured, calculated and increased
values from the Lindsay station. A significant difference of intensities among curves cannot be observed.

The table compares the future flows obtained from PCSWMM for the Chicago 100 yr storm events to evaluate
the impact of the rainfall input adjustments. The results show that the flows with the Peterborough rainfall
data are generally the same when compared to the original Lindsay gauge rainfall volumes and somewhat
lower compared to the values where storm values were increased by 10 %.

The HEC-Ras profiles compare the differences of water surface elevation generated by the original Lindsay
station and the Peterborough station rainfall data, respectively. As can be seen the water surfaces of 271.54 m

are identical.

Therefore, staff recommends continue using the original Lindsay station data for the final analyses and report.
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Appendix D
Subcatchment Data
Existing Land Use






Appendix D.1
Summary Data
Existing Land Use



Summary of values for Ops Drain/Jennings Ck - Existing Conditions

Catchment | AREA | C T, | CN (l)|CN* (I1)] CN (lll) [CN* ()] Timp
1 67.2 0.72 87 89 95 96 46%
2 39.7 0.63 86 87 94 95 37%
3 32.8 0.51 0.95 75 73 88 87 13%
4 14.6 0.56 0.62 83 85 93 94 14%
5 250.0 0.49 1.08 83 85 93 94 4%
6 93.5 0.53 0.82 76 74 89 88 6%
7 93.6 0.34 1.88 80 80 91 91 1%
8 37.0 0.40 1.10 82 82 92 92 2%
9 288.7 0.61 2.14 73 70 87 85 2%
10 122.3 0.48 1.79 80 80 91 91 1%,
11 279.2 0.42 1.73 79 78 90 90 3%
12 158.1 0.50 1.18 83 85 93 94 2%
13 138.0 0.32 1.92 77 74 89 88 1%
14 24.2 0.57 91 93 97 98 23%
15 22.4 0.63 0.45 88 89 95 96 5%
16 13.7 0.59 0.43 88 89 95 96 11%
Total Area 1,674.7 Ha

\\192.168.2.3\Shared\Jessica\KRCA\Reports Working\Final hydrology report\Excel files\OPSJennings Catchment Data
LookUptable_ExistinglandUse.xIsx
sheet Summary



Appendix D.2

Subcatchment Maps
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Appendix D.3

Subcatchment Slope and Time to Peak Calculations
Existing Land Use



Ops #1 Drain and Jennings Ck T, and T, calculations

16 Overland | Channel | Catchment| Main Channel C
Length (m) 739 180 920 410
Slope 1.4% 0.7% 1.2% 0.7% 0.59
Top Elevation 259.4 2493 259.4 250.9 Area (Ha)
Bottom Elevation 249.3 248.0 248.0 248.0 13.73
Difference 10.2 1.3 11.4 2.9

Te (min)= 38.6 0.6 hr

Tp (min)= 258 0.4 hr

13 Overland | Channel | Catchment| Main Channel C 15 Overland Channel Catchment | Main Channel [
Length (m) 2556 2556 Length (m) 356 694 1050 1011
Slope 0.4% 0.4% 0.32 Slope 3.2% 0.7% 1.5% 0.9% 0.63
Top Elevation 2731 2734 Top Elevation 266.8 255.6 266.8 259.5 Area (Ha
Bottom Elevation 262.5 262.5 |Bottom Elevation 2556 2509 250.9 22.35
Difference 10.6 10.6 Difference 11.3 4.7 15.9 8.6

Tc (min)= 172.9 29 hr Te (min)= 404 0.7 hr

Tp (min)= 115.4 19 hr Tp (min)= 26.9 0.4 hr

11 Overland | Channel | Catchment| Main Channel Cc 12 Overland Channel Calchment | Main Channel C
Length (m) 4004 84 4178 351 Length (m) 914 1689 2603 1706
Slope 0.5% 1.0% 0.5% 0.1% 0.42 Slope 0.8% 0.2% 0.4% 0.2% 0.50
Top Elevation 284.0 264.0 284.0 263.5 Area (Ha) Top Elevation 270.7 263.2 270.7 263.2 Area (Ha)
Bottom Elevation 2640 263.2 263.2 263.2 279.15 Bottom Elevation 263.2 259.5 259.5 259.5 158.14
Difference 20.0 0.8 20.8 0.3 Difference 7.5 3.7 11.2 3.7

Tc (min)= 155.9 26 hr Te (min)= 105.9 1.8 hr

Tp (min)=  104.0 1.7 hr Tp (min)=__ 70.6 1.2 hr

10 Overland | Channel | Catchment| Main Channel € 9 Overland Channel Catchment | Main Channel C
Length (m) 3838 3838 317 Length (m) 4775 4775
Slope 0.4% 0.4% 0.1% 0.48 Slope 0.3% 0.3% 0.61
Top Elevation 280.5 280.5 263.8 Area (Ha) | Top Elevation 283.0 283.0 Area (Ha!
Bottom Elevation 2642 264.2 263.5 122.28 Bottom Elevation 267.1 267.1 288.72
Difference 16.3 16.3 0.3 Difference 15.9 15.9

Tc (min)= 160.6 27 hr Tc(min)= 1924 3.2 hr

Tp (min)= 107.1 1.8 hr Tp (min)= 128.3 2.1 hr

8 Overland | Channel | Calchment| Main Channel C 3 Overland | Channel Calchment | Main Channel C
Length (m) 1163 415 1578 794 Length (m) 848 1074 1922 1342
Slope 0.9% 0.3% 0.8% 0.1% 0.40 Slope 1.5% 0.2% 0.7% 0.1% 0.53
Top Elevation 2759 265.1 275.9 264.5 Top Elevation 278.8 266.3 278.8 265.8 Area (Ha)
|Bottom Elevation 265.1 2638 i 263.8 Bottom Elevation 266.3 264.5 264.5 264.5 93.46
Difference 10.7 1.3 12.1 0.7 Difference 12.4 1.8 14.2 1.3

Tc (min)= 98.6 1.6 hr Tc (min)= 73.9 1.2 hr

Tp (min)= 65.7 1.1 hr Tp (min)= 49.3 0.8 hr

7 Overland | Channel | Catchment| Main Channel C 5 Overland Channel Catchment | Main Channel C
Length (m) 2184 422 2606 794 Length (m) 1863 529 2491 1134
Slope 0.5% 0.2% 0.4% 0.1% 0.34 Slope 0.5% 0.2% 0.4% 0.1% 0.49
Top Elevation 2744 264.6 2744 264.5 Top Elevation 276.4 266.9 276.4 267.2 Area (Ha)
Bottom Elevation 264.6 263.8 263.8 263.8 Bottom Elevation 2669 265.8 265.8 265.8 249.97
Difference 9.8 0.8 10.6 0.7 Difference 9.4 1.1 10.5 1.4

Tc (min)= 169.0 28 hr Tc (min)= 97.2 1.6 hr

Tp (min)= 112.7 1.9 hr Tp (min)= 64.8 1.1 hr

4 Overland | Channel | Catchment| Main Channel C 3 Overland Channel Catchment | Main Channel C
Length (m) 1276 18 1294 187 Length (m) 1733 255 1988 266
Slope 1.0% 1.5% 1.0% 0.1% 0.56 Slope 0.8% 0.3% 0.7% 0.2% 0.51
Top Elevation 280.5 267.5 280.5 267.4 Area (Ha) Top Elevation 281.6 268.1 281.6 267.9 Area (Ha)
Bottom Elevation 267.5 267.2 267.2 267.2 14.58 Bottom Elevation 268.1 267.4 2674 267.4 32.75
Difference 13.0 0.3 13.3 0.2 Difference 13.5 0.7 14.2 0.5

Tc (min)= 56.1 0.9 hr Te (min)= 85.5 14 hr

Tp(min)= 374 0.6 hr Tp (min)= 570 1.0 hr

\\192.168.2.3\Shared\Jessica\KRCA\Reports Working\Final hydrology report\Excel files\Tc calcs.xs



Appendix E
CN Calculations
Existing Land Use



Converting CN to CN* pP= 89.7 mm
Ops Jennings Ck Watershed (Existing Conditions) standard |, = 5 mm
Catchment CN CN S la Q S* CN* CN*
(AMC 1) (AMC lI) (mm) (AMC 1ll) | (AMC 1I)

1 87 95 ‘13 2.6 75.8 10.0 96 89
2 86 94 16 3.2 73.0 13.6 95 87l
3 75 88 35 7 58.1 38.8 87 73
4 83 93 19 3.8 70.3 17.3 94 85
5 83 93 19 3.8 70.3 17.3 94 85
6 76 89 31 6.2 60.9 33.1 88 74
7 80 91 25 5 65.4 25.0 91 80
8 82 92 22 4.4 67.8 21.1 92 82|l
9 73 87 38 7.6 56.1 43.1 85 70(|

10 80 91 25 5 65.4 25.0 91 80/l

11 79 90 28 5.6 63.1 29.0 90 78

12 83 93 19 3.8 70.3 17.3 94 85

13 77 89 31 6.2 60.9 33.1 88 74

14 91 97 8 1.6 80.8 4.1 98 93

15 88 95 13 2.6 75.8 10.0 96 89|l

16 88 95 13 2.6 75.8 10.0 96 89|l

Use CN (AMC IlI) for Timmins storm. Use CN (AMC i) for 2- to 100-year storms.

89.7 mm is antecent rainfall for 100yr 6 hr storm
CN (AMC lil) =

Procedure:

Note:this procedure is outlined in the VO , Reference Manual.

1
2

3

25400

(254 + S)

, to calculate S

la= 0.2*S, fo give calculated |,

Q=

Q=

CN* (AMC 1lI) =

(P-1.)?

(P-1:+8)
(P-1s

(P1:+5%)
25400

(254 + 5%)

, Using Q from 3 above, and I, = 5Smm, determine S*

Manual checks were undertaken to ensure accuracy of GIS-derived product

\\192.168.2.3\Shared\Jessica\KRCA\Reports Working\Final hydrology report\Excel files\convert CN.xls

sheet: Ops
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