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PROJECT DESCRIPTION

A hydraulic analysis was completed on the Camp and Center Lakes watershed in November 2019 by
R.A. Smith, Inc. The model includes the Camp and Center Lakes watershed extending downstream to
the Wisconsin-lllinois state boundary. The model provides flood elevations and floodplain mapping for
Unnamed Tributary to Center Lake and Camp Lake Outlet (referred to as “Unnamed Tributary to Camp
Lake” in Kenosha County Flood Insurance Study, effective March 7, 2017). This study was performed for
the Village of Salem Lakes, WI to provide current data for floodplain management. The drainage area for
the Camp Lake watershed at the Wisconsin-lllinois state boundary is 9.6 square miles. Figure 1 shows

the project area.

Figure 1: Camp and Center Lakes Watershed
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MODEL DESCRIPTION

The Unnamed Tributary to Center Lake and the Camp Lake outlet were modeled using the Army Corps of
Engineers HEC-RAS version 5.0.7. A combination of RAS Mapper and ArcGIS 10.6 was used to develop

geometry data for the model and also to perform the floodplain mapping.

Terrain Data: The majority of the Camp and Center Lakes watershed lies within Kenosha County.
Kenosha County LIDAR data flown in the spring of 2017 was processed into a countywide 1-foot DEM. A
portion of the watershed extends into Lake County, lllinois. Lake County’s GIS database provided 1-ft

contours to supplement Kenosha County data.

Survey Data: Field surveys were completed in October of 2019 to record data for culvert and bridge
crossings throughout the model. Elevations and sizes for each structure were documented, as well as
channel bottoms at those locations. Road profiles for each structure were also surveyed. All elevations
reference the North American Vertical Datum of 1988 (NAVDS88).

HEC-RAS MODEL SETUP

Profile Baseline: The profile baseline was digitized in ArcGIS 10.6 using 2017 Kenosha County LIDAR
and 2015 orthophotos.

Cross Sections: Cross sections were cut left to right looking downstream using 2017 Kenosha County
LiDAR. Cross sections were placed regularly throughout the reach and orientated so that they were
perpendicular to the flow and can be found in Appendix A. Additional cross sections were placed

upstream and downstream of any inline structures as well as locations where stream geometry varied.

Due to the densely vegetated and marshy conditions throughout the study area, LIiDAR data did not
always penetrate to the channel bottom. Manual adjustments were needed throughout the model to
account for true depths of the channel. Channel bottoms were interpolated between surveyed elevations
in order to more accurately model existing conditions. Cross sections located in Center and Camp Lake

were developed using bathymetric surveys produced by WDNR in the summer of 1966.

Banks: Bank stations were digitized in ArcGIS 10.6 using 2017 Kenosha County LiDAR and 2015

orthophotos and were adjusted, if needed, based on the cross section geometry in HEC-RAS.

Flowpaths: Flowpaths were digitized in ArcGIS 10.6 at approximately a third of the distance between the

bank station and assumed edge of floodplain.

Bridges & Inline Structures: Bridges and culverts were added to the model based on collected survey
data. Road profiles were cut using LIiDAR and survey data, where available, at the highest grades that

would allow for overtopping. Profiles were aligned using the centerline of the structure and centerline of



the nearest upstream or downstream cross section. Appendix B includes photos from a site visit on

September 3, 2019 of all structures found within the model.

Ineffective Flow Limits: Ineffective flow limits were assumed for upstream and downstream cross
sections for each crossing. A 1:1 contraction ratio was used upstream of a structure while a 2:1

expansion ratio was used downstream of a structure.

Contraction & Expansion Coefficients: Contraction and expansion coefficients of 0.1 and 0.3 were
used at the majority of cross sections. Upstream and downstream of crossings, coefficients were adjusted

to 0.3 and 0.5 if the floodplain appeared to significantly contract or expand.

Manning’s N Values: Manning’s N values were assigned based on site inspection information and 2015
orthophotos. Photos at each structure can be found within the HEC-RAS model. Typically, the photo at
the upstream cross section was taken from a structure looking upstream while the photo at the
downstream cross section was looking downstream. The range of N values is shown below.

¢ Channel N: 0.015-0.07

e Overbank N: 0.035-0.10

Downstream Boundary Conditions: Normal depth was assumed for the downstream boundary
condition with a slope of 0.0008 ft/ft.

Discharges: Discharges were determined using the Army Corps of Engineers rainfall-runoff model HEC-
HMS version 4.3 for the Camp and Center Lakes watershed. Table 1A provides a summary of the peak
discharges developed from using the “Natural Storage” model run in HEC-HMS while Table 1B provides a
summary of the peak discharges developed using the “Storage Without Development Zoned Parcel” run.
See “Hydrologic Report for Camp and Center Lakes Floodplain Study” for more details. Peak discharges

determined using the MSE3 24-hr distribution from Table 1A were used in the hydraulic analysis.



Table 1A: “Natural Storage” Summary of Peak Discharges (cfs)

Location 10% Annual 2% Annual 1% Annual 0.2% Annual
Chance Chance Chance Chance
Unnamed Tributary to Center Lake
At County Highway
AH/89th St 178 296 355 518
At mouth of tributary 252 420 505 738
At Center Lake outlet 54 80 91 113
Camp Lake Outlet
At Camp Lake outlet 79 102 111 135
At private drive crossing
(12216 280th Avenue) 74 97 107 133
At Wisconsin-lllinois 147 218 254 363
Boundary

Table 1B: “Storage Without Development Zoned Parcels” Summary of Peak Discharges (cfs)

Location 10% Annual 2% Annual 1% Annual 0.2% Annual
Chance Chance Chance Chance
Unnamed Tributary to Center Lake
At County Highway
AH/89th St 178 296 355 518
At mouth of tributary 252 420 505 738
At Center Lake outlet 56 84 95 120
Camp Lake Outlet
At Camp Lake outlet 80 103 113 138
At private drive crossing
(12216 280th Avenue) 7> 99 109 137
At Wisconsin-lllinois 147 219 555 364
Boundary
RESULTS

Results from the 1% annual chance profile for each storage analysis are shown in Tables 2a and 2b.
Flood elevations at Stations 177 through 3466 are within the backwater from Channel Lake in Lake
County, lllinois. The 1% annual chance stage for Channel Lake is 741.50 as determined in the Lake
County Flood Insurance Study, revised February 17, 2016. Cross sections placed within Center Lake and
Camp Lake were omitted from Table 2 as stillwater elevations for each lake were determined using HEC-
HMS rather than HEC-RAS. A certified topographic map and annotated FIRM are provided in Appendices
C and D.



Table 2a: “Natural Storage” Summary of Hydraulic Model Results

. W.S. Vel Flow
StR;:ieJn Q Total Elev Chnl Area Top Wdth Act
(cfs) (ft) (ft/s) (sq ft) (ft)
1771 254 738.05 2.22 360 723
8451 254 738.43 1.68 301 229
10491 254 738.51 2.45 104 33
1113.7 Culvert Private Driveway
11471 254 740.05 1.02 446 184
12091 254 740.06 1.29 472 228
12641 254 740.06 1.83 311 221
16811 254 740.12 0.42 1959 799
21721 254 740.14 1.00 651 312
25201 254 740.15 3.74 86 81
2538.11 Bridge Private Metal Crossing
25471 254 740.49 1.92 199 119
32211 254 740.67 1.04 644 245
34881 254 740.64 5.39 90 33
3544.95 Bridge 280th Avenue Con/Span
35591 254 741.18 4.03 132 45
3826 254 741.59 2.56 255 88
3848 254 741.59 2.31 141 48
3880 254 741.67 1.67 347 125
4173 254 741.73 0.87 889 338
4375 254 741.75 2.23 328 159
4883 254 742.14 3.27 97 71
4927.4 Culvert Private Driveway
4934 107 742.36 1.28 112 83
5055 107 742.39 0.44 415 272
5195 107 742.39 0.30 627 417
5244.15 Bridge Private Pedestrian Bridge
5271 107 742.39 0.21 787 557
5984 107 742.39 0.11 1919 950
6877 107 742.40 0.12 1415 721
8156 107 742.42 0.58 201 54
Camp Lake (WSEL of 744.62’ determined using HEC-HMS)
17870° 111 | 74252 | 306 | 37 | 24
17936.18 | Culvert Railroad Culverts
17954 91 | 74386 | 123 | 79 | 28
Center Lake (WSEL of 744.43’ determined using HEC-HMS)
235143 505 744.41 0.93 1119 572
24151 505 747.64 7.14 99 87




W.S. Vel Flow
StR:tlie;n Q Total Elev Chnl Area Top Wdth Act
(cfs) (ft) (ft/s) (sq ft) (ft)

24523 505 749.93 5.11 163 78

25295 505 754.27 10.68 52 17
25390.59 | Culvert CTH AH Culvert

25402 355 758.46 2.33 168 30

25753 355 758.58 1.30 511 288

26075 355 758.60 2.71 194 108
26091.79 Bridge Snowmobile Bridge

26107 355 758.58 4.13 126 88

26695 355 759.62 8.34 62 51

1 Regulatory stages controlled by backwater from Channel Lake, elev. 741.50
2 Regulatory stages controlled by backwater from Camp Lake, elev. 742.62
3 Regulatory stages controlled by backwater from Center Lake, elev. 744.43




Table 2b: “Storage Without Development Zoned Parcels” Summary of Hydraulic Model Results

. W.S. Vel Flow
StR;:ieJn Q Total Elev Chnl Area Top Wdth Act
(cfs) (ft) (ft/s) (sq ft) (ft)
1771 255 738.05 2.22 362 724
8451 255 738.43 1.68 302 229
10491 255 738.51 2.46 104 33
1113.7 Culvert Private Driveway
11471 255 740.07 1.02 449 184
12091 255 740.07 1.29 475 229
12641 255 740.07 1.84 314 222
16811 255 740.14 0.42 1970 799
21721 255 740.15 1.00 655 312
25201 255 740.17 3.72 87 83
2538.11 Bridge Private Metal Crossing
25471 255 740.49 1.92 199 119
32211 255 740.67 1.04 645 245
34881 255 740.65 5.40 90 33
3544.95 Bridge 280th Avenue Con/Span
35591 255 741.19 4.03 132 45
3826 255 741.60 2.57 256 88
3848 255 741.59 2.31 142 48
3880 255 741.68 1.67 348 125
4173 255 741.74 0.87 891 338
4375 255 741.76 2.23 329 159
4883 255 742.15 3.27 97 71
4927.4 Culvert Private Driveway
4934 109 742.37 1.29 113 83
5055 109 742.39 0.45 418 274
5195 109 742.40 0.30 631 417
5244.15 Bridge Private Pedestrian Bridge
5271 109 742.40 0.22 792 558
5984 109 742.40 0.11 1927 950
6877 109 742.41 0.13 1422 721
8156 109 742.43 0.58 201 54
Camp Lake (WSEL of 744.70" determined using HEC-HMS)
17870° 113 | 74253 | 309 | 37 | 24
17936.18 | Culvert Railroad Culverts
17954 95 | 74400 | 122 | 83 | 28
Center Lake (WSEL of 744.69’ determined using HEC-HMS)
235143 505 744.60 0.84 1227 577
24151 505 747.63 7.14 99 87




W.S. Vel Flow
StR:tlie;n Q Total Elev Chnl Area Top Wdth Act
(cfs) (ft) (ft/s) (sq ft) (ft)

24523 505 749.93 5.11 163 78

25295 505 754.27 10.68 52 17
25390.59 | Culvert CTH AH Culvert

25402 355 758.46 2.33 168 30

25753 355 758.58 1.30 511 288

26075 355 758.60 2.71 194 108
26091.79 Bridge Snowmobile Bridge

26107 355 758.58 4.13 126 88

26695 355 759.62 8.34 62 51

1 Regulatory stages controlled by backwater from Channel Lake, elev. 741.50
2 Regulatory stages controlled by backwater from Camp Lake, elev. 742.70
3 Regulatory stages controlled by backwater from Center Lake, elev. 744.69




