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1. Executive Summary 

A beach relocation study was completed for the beach at the South Shore Park in Milwaukee, WI. The work consisted 

of the following: 

1) Reviewing and analyzing the existing metocean conditions (water levels, wind, wave, and currents) that impact 

the project site. 

2) Preparation of the base map, for which a field survey of the project site that includes the existing beach, 

upland area, the stone revetment, and the potential beach relocation area, was completed. Bathymetric 

contours from previously completed studies and from LiDAR data were also incorporated into the final base 

map. 

3) Deployment of an Acoustic Doppler Current Profiler (ADCP) to measure wave and currents near the project 

site.  

4) Numerical modeling of the wind, waves and currents at the site. For this, a model calibration was carried out 

using the data collected by the ADCP. 

5) Development of four improved beach alternatives for the park. 
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2. Project Background 

South Shore Park is a Milwaukee County Department of Parks, Recreation and Culture (DPRC) facility located in the 

city of Milwaukee, the state’s most populous urban area.  It is one of only three improved public access points along 

the Lake Michigan shoreline in the southern half of Milwaukee County.  As such, it provides Lake Michigan recreational 

access to thousands of Southeast Wisconsin residents annually, including significant numbers of individuals with low-

moderate incomes.  Within the recreational amenities of the park is the South Shore Beach, which unfortunately ranks 

amongst the worst in the nation in recreational water quality.  Consequently, the beach, and specifically the water 

quality at the beach has been the subject of numerous studies over the years.  These studies identified the probable 

causes of the poor water quality, which include stormwater runoff, waterfowl excrement, CSO discharges, the sailboat 

mooring field and restricted water circulation.  In late 2014, DPRC in partnership with key stakeholders, including 

SmithGroupJJR, approved a masterplan for the shoreline area of South Shore Park. 

 

Figure 1: Location of the South Shore Park along the Lake Michigan shoreline 

Now that funding has been secured, Milwaukee County wishes to move forward with a process that focuses on the 

nearshore influences on the water quality issue. The landside features, which are equally important, were addressed 

in previous planning exercises. These will also be integrated and enhanced during the nearshore development.  Some 

of the alternatives explored include relocation of the recreational beach to the south, which is in an area outside the 

original master plan.  Addressing existing sources of water quality degradation and evaluating the possible relocation 

of the beach are the focus of this project.  The goal is to improve water circulation adjacent to the beach and reduce to 

the greatest extent possible the ongoing beach closures. 

Current Beach 

Location 
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2.1. Previous Studies 

The McLellan lab from the School of Freshwater Sciences, UWM has carried out extensive field surveys and molecular 

testing methods to determine the causes of poor water quality at South Shore beach. 

The E. coli bacteria is used as an indicator for fecal pollution.  The monitoring of South Shore Beach showed that this 

indicator was above the EPA recommended limit nearly 60% of the days tested. 

There are multiple sources of potential contamination that impact South Shore Beach.  The majority of the fecal 

pollution originates from bird waste, where gulls, ducks and geese deposit E. coli into the sand and water.  Human 

waste has also been intermittently detected at low levels.  Additionally, large-scale regional sources of fecal pollution 

during heavy rain impact South Shore and the adjacent areas.  

A summary of the McLellan lab investigation can be found below: 

2.1.1. From McLellan and Salmore, 2003 

• The beach closings from 1999-2001 were caused mainly by avian contamination. 

• Water quality samples were taken during the summer of 2002 at South Shore Park. E. coli levels were highest 

at the Beach site 88% of the days sampled. 

• E. coli levels were much higher within the first 10m from the shoreline. E. coli counts approximately10m away 

from the shoreline were similar to the levels measured 150m away, which indicates that the source of 

contamination is from the shoreline. 

• The concentration of E. coli at the breakwater opening were found to be significantly less than the levels found 

in the swimming area. 

2.1.2. From McLellan and Jensen, 2005 

• Overall, the E. coli counts were consistently higher after a precipitation event, indicating transport via 

stormwater runoff.  

• E. coli concentrations increased six-fold after a precipitation event. 

• 33 of the 34 beach water samples tested positive for Bacteroids, however, none tested positive for human 

specific Bacteroids. Therefore, it was deducted that much of the contamination is not from human sewage 

since there were no Combined Sewer Overflow (CSO) events during the sampling time. 
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2.1.3. Scopel, Harris and Mc.Lellan 2006 

• Water quality sampling indicated that the existing beach had much higher levels than the TBM beach (the 

location of SGJJR alternative 1).  The primary cause of contamination was pollutants from the adjacent 

shoreline. 

• A fluorescein dye study demonstrated that wind could move the water away from the beach, but only during 

strong wind conditions. 

• During calm winds, the longshore current was determined to be the main dispersion factor at the existing 

beach.   

• The dye moved twice as fast during calm wind conditions at the TBM beach location. 

• During high wind conditions, at the existing beach, the dye moved away from the shore; however, at the TBM 

location, the dye continued to move along the shore, only at a faster rate. 

• Under NNW wind conditions, the residence times for 90% replacement of the dye were similar for both 

locations. 

• The primary mechanism for E. coli dispersion appeared to be surface currents, while mixing was a minor 

factor. 

2.1.4. McLellan, et. Al., 2007 

• The study concluded that E. coli levels were notably higher during CSO and storm sewer overflow events. 

Unfortunately, it is difficult to determine if the pollution originated from the CSO events, or from the large 

volume of urban stormwater that was released directly into the receiving waters. 

• E. coli levels dramatically decreased outside the breakwater. 

• Beaches at least one kilometer from the harbor were not affected by overflow events. 
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2.2. Bacteria in beach sands 

Aside from the nearshore water, E. coli bacteria can also be found in the beach sand.  Sands and sediments can 

provide habitat where fecal bacterial populations may persist, and in some cases grow in the coastal zone.  Some of 

the ways that fecal indicator bacteria can be deposited in the sand are via stormwater runoff, fecal contamination from 

sewage malfunction or overflow, direct introduction of fecal matter by animals (birds, dogs, wildlife, humans), and 

periodic water level rewetting within the swash zone1. 

To address this issue, all three alternatives feature a steep beach face with a coarse sediment to minimize the area 

that’s in contact with the water.  

 

  

                                                           

 

1 The swash zone is defined as the part of the beach extending from a nearshore shallow depth to the limit of maximum inundation. 
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3. Existing Environmental Conditions 

3.1. Water Levels 

South Shore Park is subjected to the varying water levels of Lake Michigan.  On a yearly basis, the water levels vary 

by approximately one foot, with the highs occurring in mid-July and the lows in mid-February.  Long term water levels 

fluctuate by approximately 6.3 feet with the record high occurring in 1986-1987 and the record lows occurring in 1964, 

2012 and 2013 depending on the month.  Lake levels drop during periods of drought and dry or cold weather and rise 

during periods of heavy rainfall and runoff of snowmelt. Individual storm events and pressure systems also affect water 

levels on a short-term basis. 

Lake Michigan water levels are well documented and historical information of over a century is available through the 

National Oceanic and Atmospheric Administration’s website, where the water levels are reported in the International 

Great Lakes Datum 1985 (IGLD85).  The closest water measurement station from NOAA is station 9087057, located 

in Milwaukee (43° 0.1' N 87° 53.2' W), less than a mile Northwest from the project site.  This gauge collects hourly 

data and has been recording information since January of 1970. 

 

Figure 2: Location of NOAA’s water level gauge ST 9087057. 

 

Water level measurements from January of 1919 to March of 2018 are shown in Figure 3.  It can be observed that the 

minimum average water level was recorded in March of 1964, whereas the maximum average level was recorded in 
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October of 1986 with a total average variation of 6.3 ft.  It is also observed that highest levels are registered during the 

summer months and the lowest during the winter months. 

 

Figure 3: Lake Michigan measured Water Levels (1918-2018) 

 

The reported low water datum (LWD) and mean water level (MWL) for this station are shown in both IGLD85 and in 

NGVD29 in Table 1.  The Low Water Datum was used as a zero level for the numerical model grid generation. 

Table 1: Lake Michigan Low and Mean water levels from January 1918 to March 20182. 

WATER LEVEL IGLD85 (ft.) NGVD29 (ft.) 

Low Water Datum LWD 577.50 578.27 

Mean Water Level MWL 578.80 579.65 

 

  

                                                           

 

2 https://www.glerl.noaa.gov//data/dashboard/GLWLD.html 
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3.2. Over Water Wind Data 

Wind measurements were extracted from the MLWW3 meteorological station.  This station is operated by NOAA’s 

Great Lakes Environmental Research Laboratory and has approximately 12.7 years of data. Station MLWW3 has an 

anemometer located 12.2m above the site elevation (~617 ft. above mean sea level).  The unit is set to sample an 

averaging interval of 5 minutes.  For each 5-minute interval, a mean and maximum (gust) wind speed are reported.  

 

Figure 4: Location of Milwaukee meteorological station (MLWW3). 

Figure 5 shows the wind rose for all year.  It can be inferred from this rose that the dominant winds are from the W and 

WNW sectors, whereas the strongest winds come from the NNE and NE, almost perpendicular to the shore.  Figure 6 

shows the summer wind rose, where the dominant winds come from the NNE and N sectors and the strongest from 

the SW and the NNE sectors. 

 

Figure 5: Wind rose for the Milwaukee meteorological station, 
all year. 

 

 

Figure 6: Wind rose for the Milwaukee meteorological station, 
summer. 
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 An extreme analysis using the highest winds per 22.5° directional bin from MLWW3 was also completed.  Recorded 

winds were available from 2005-2017.  These winds were then fitted to a Weibull distribution to obtain the different 

return period storms shown in Table 2.  These winds were used as additional energy input into the large-scale wave 

model through wave generation.  

Table 2: Extreme Wind speeds in miles per hour for different return periods per 22.5° directional bin. From GLERL MLWW3 

Return 
Periods 

All 
Direction 

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW 

1 yr 37.41 29.99 32.89 32.32 31.46 29.67 28.34 30.87 30.07 29.44 31.49 32.40 32.31 31.44 29.37 27.33 26.55 

10 yr 43.70 32.72 34.57 38.87 33.85 36.26 34.76 33.52 33.76 32.75 37.91 39.98 42.05 38.33 33.50 30.47 31.84 

25 yr 45.83 33.07 36.78 42.50 37.10 37.88 35.74 34.26 34.87 34.08 40.26 44.71 46.22 41.40 34.94 31.89 33.50 

50 yr 47.38 33.29 39.22 45.48 40.76 39.01 36.38 34.79 35.66 35.09 42.02 48.73 49.43 43.78 36.00 32.99 34.69 

100 yr 48.91 33.48 42.41 48.62 45.59 40.06 36.96 35.29 36.41 36.10 43.75 53.09 52.68 46.20 37.04 34.12 35.85 

 

No overland – over water wind transformation was done since the GLERL MLWW3 is located at the lake, and only 3.6 

miles from the project site.  
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3.3. Offshore Wave Conditions 

Wave measurements were extracted from the US Army Corps of Engineers (USACE) Wave Information Studies (WIS) 

Station 94050 which is located 5 miles offshore of the project site.  The water depth at this station is approximately 98 

feet.  This station has 35 years of wave data (from 1979-2014). 

 

Figure 7: Location of the WIS station 94050 in front of the project site. 

The all-year wave rose for station 94050 shown in Figure 8, indicates that the most frequent and highest waves come 

from the NNE direction.  

 

Figure 8: All season deep water wave rose from ST 94050 (1979-2014) 

  

South Shore 

Park 

Latitude: 43.04 

Longitude: -87.8 

Depth: 98 ft. 
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Using the 35 years of available information, the offshore wave conditions were analyzed by obtaining the yearly wave 

occurrences per direction. The results are shown in Table 3.  These values will be used as boundary conditions for the 

numerical wave modeling efforts. 

Table 3: Extreme significant wave heights for different return periods per 22.5° directional bin. From WIS ST 94050. 

Return 
Periods 

All 
Direction 

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW 

1 yr 10.95 6.21 10.21 8.18 5.87 6.65 7.19 7.11 6.55 5.49 4.98 4.61 4.08 4.18 4.11 4.48 4.93 

10 yr 16.25 9.59 16.08 10.98 9.98 11.64 11.10 9.65 8.11 7.27 6.72 6.55 6.26 6.10 6.40 6.58 6.85 

25 yr 18.08 11.02 17.87 13.38 10.97 13.47 12.26 10.50 8.50 8.19 7.85 7.31 6.76 6.69 6.99 7.06 7.21 

50 yr 19.42 12.11 19.16 15.64 11.65 14.84 13.09 11.11 8.76 8.93 8.82 7.89 7.10 7.12 7.41 7.38 7.45 

100 yr 20.74 13.22 20.39 18.27 12.30 16.18 13.89 11.71 9.01 9.71 9.88 8.46 7.42 7.54 7.80 7.69 7.67 
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4. ADCP Deployment 

An Acoustic Doppler Current Profiler (ADCP) was deployed in the nearshore area of South Shore Beach to collect 

wave and current data from November 11th to December 22nd of 2017.  This data was used to calibrate the numerical 

model (See section 6.2). 

The ADCP was programmed using TELEDYNE’s suite of tools which are used to set up the ADCP for data collection.  

A thorough check of the ADCP’s battery, compass, time stamp, current, and pressure sensors was done before 

delivering the instrument to Pirates Cove Diving Inc., a professional diving team that attached the ADCP to a secure 

housing, and deployed it to the established location shown in Figure 9 at a depth of 11.5 ft. 

 

Figure 9: Position of the deployed ADCP behind the breakwater entrance. 

 

After retrieval, the collected data was post-processed using the manufacturer’s software to eliminate any erroneous 

information based on the instrument’s thresholds. 
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5. Beach Alternatives 

Based on the specific goals and objectives of this project, and the comments received during the public input process, 

SmithGroupJJR prepared four initial plan alternatives to illustrate upland, beach, and nearshore area improvements. 

The main objectives were: 

• Provide a recreational beach with a footprint of similar area to the existing beach. 

• Provide infrastructure that supports public access to the park. 

• Provide accommodations to improve user recreational needs. 

• Full integration of stormwater BMP’s. 

• Beach water circulation improvements with the goal of decreasing the amount of beach closures. 

• Implement deterrents to reduce wildlife presence. 

• Adherence to ADA guidelines. 

These initial alternatives can be found in Appendix A. The alternatives were developed with an understanding the water 

circulation improved the closer the beach was to the breakwater opening.  Furthermore, the beach slope at the water’s 

edge was steepened to reduce the beach surface regularly wetted by wave activity.  To lessen moisture retention time 

within the sands, it is recommended that the beach sediment be coarse and narrowly-graded sandy material which will 

promote drainage.  The alternatives were presented to the Milwaukee County and WDNR staff at a meeting on January 

9th, 2018.  Based on comments received, four final alternatives were developed for the site.  These final alternatives 

were developed in conjunction with the numerical modeling task to ensure that they perform as required (See section 

6.2.4).   

Based on the findings of previous studies listed in section 2.1 and the numerical modeling results, the water circulation 

is higher along the southern beach location then at its current location next to the marina.  Understanding that without 

removal of contributing sources of pollutants which are not within the project boundary, the best method for improving 

water quality along the nearshore is to increase water circulation.  Therefore, the location of the three alternatives was 

strategically located in front of the breakwater entrance where wave penetration, and therefore wave generated water 

circulation, would be greatest.   
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Alternative 1 

This alternative provides a beach closer to the breakwater opening, where wave energy and water circulation is highest. 

(see Section 6.3).  

 

Figure 10: Alternative 1 

The proposed jetties were sized to provide a beach area that would match the existing dry beach area (~1 acre), 

which was one of the main constrains that informed the design.  

 

Figure 11: Alternative 1 Generic Beach Cross-Section 
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Figure 12: Alternative 1 North Breakwater Section 

 

Figure 13: Alternative 1 South Breakwater Section 
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Alternative 2 

This alternative features a beach closer to the existing amenities (restrooms, beer garden), and adjacent to a Terraced 

Lawn more central to park and pavillion users. 

 

Figure 14: Alternative 2 Planview 

 

Figure 15: Alternative 2 Generic beach Cross-section 

 

Figure 16: Alternative 2 South Breakwater Cross-section. 
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Alternative 3 

This alternative was developed to create a narrower groomed beach that extends further south closer to the breakwater 

entrance while still providing beach area in front of the pavilion. 

 

Figure 17: Alternative 3 Planview 

 

Figure 18: Alternative 3 Generic Beach Cross-section 

 

Figure 19: Alternative 3 Beach and Detached Breakwater Cross-section 
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Alternative 4 

Based on comments from WDNR following review of a draft of this report, alternative 4 was included.  It is located in 

the same area as Alternative 1 where the water circulation is better, although it features smaller structures.  

Alternative 4 was developed in order to reduce impacts to the lakebed and reduce construction costs. This alternative 

resulted in a recreational beach area reduced by approximately 40% when compared to Alternative 1. 

 

Figure 20: Alternative 4 Planview 

 

Figure 21: Alternative 4 Generic Beach Cross-Section 
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Figure 22: Alternative 4 North Breakwater Section 

 

Figure 23: Alternative 4 South Breakwater Section 
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5.1. Opinion of Probable Construction Cost 

A preliminary opinion of probable construction cost (OPCC) with key elements broken out separately was prepared for 

the beach alternatives and is included in Appendix B. Table 4 indicates the total cost for each. 

Table 4: OPCC for each beach alternative. 

Project Total (Construction, 

design, contingency and 

permitting) 

Alternative 1 Alternative 2 Alternative 3 Alternative 4 

$         3,530,039 $         3,605,804 $         4,332,361 $         2,956,979 
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6. Numerical Modeling 

All numerical modeling was completed using the MIKE 21 software package, a state of the art model developed by 

DHI, capable of simulating physical nearshore processes.  This software has a proven 25-year track record of 

successful applications.  This software package is a modular product that includes simulation engines for different 

applications, such as wave modeling, hydrodynamics, sediment dynamics, etc. 

For this application, the MIKE 21 Spectral Wave model (SW), and the MIKE 21 Flow Model (FM), were used.  The 

MIKE 21 SW simulates the growth, decay, and transformation of wind-generated waves and swells, both in offshore 

and coastal areas.  The hydrodynamic (HD) module, is the basic module in MIKE 21 FM, and provides the 

hydrodynamic basis to simulate water level variations and flows in response to a variety of forcing functions in lakes 

and other coastal regions.  

Both the SW and FM modules were dynamically coupled to simulate the mutual interaction between the waves and 

the currents, i.e. the two modules feed information to one another iteratively until an equilibrium is reached. This way, 

a full feedback of the changes on the waves and flow calculation was included. 

After the initial model setup, calibration and verification of the model was completed using waves and currents 

measured by the ADCP deployed for this purpose (See page 24).  

6.1. Model Setup 

To set up the model, the collected data was converted into a format which can be understood by the numerical model. 

This was completed by creating a computational domain (mesh and bathymetry) and preparing the input for the 

boundary conditions for the model.  A summary of this setup is presented in this section. 
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6.1.1. Mesh and Bathymetry 

Bathymetry information for the numerical model was compiled from several sources:  

1) A selected grid from NOAA’s Great Lakes Bathymetry database at 3 arc-second resolution (~295 ft.) for the 

large-scale bathymetry.  

2) NOAA’s more detailed nearshore bathymetry from LiDAR 20123.  

3) Topographic survey performed by KSingh Engineers on November 14 of 2017. 

4) Bathymetry information from Himalayan Consultants, who completed a survey on August of 2012.  

With the above information, a digital terrain model was created for the numerical model (Figure 24).  The boundary 

outline defining the model domain extends approximately 4.6 miles North, 3 miles South and 4.4 miles offshore of the 

project site. 

 

Figure 24: Large scale Bathymetry for the study area. 

 

                                                           

 

3 https://coast.noaa.gov/dataviewer/#/lidar/ 
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An unstructured mesh (varying in grid size) was created using the MIKE Mesh Generator tool (Figure 25).  This 

unstructured mesh provides a good degree of flexibility in the representation of complex geometries since small 

elements can be used in areas where more resolution is required, and larger elements used where less resolution is 

required.  The mesh resolution influences greatly the accuracy and duration of the numerical simulation.  For this study 

the mesh sizes ranged from 8m (~26 ft.) close to the project site (Figure 26), to 130m (~426 ft.) in the offshore deep-

water areas.  

 

Figure 25: Unstructured mesh for the model domain with 
varying mesh resolutions. 

 

 

 

  

South Shore Park 

Figure 26: Bathymetry with higher resolution in the nearshore 
area. 

South Shore Park 
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6.2. Calibration of the numerical model 

The purpose of the calibration is to tune the numerical model to reproduce known/measured conditions for a particular 

situation.  In this case, the wave and current data recorded by the ADCP was used to calibrate the numerical model 

for the period of time from November 11th, 2017 to December 22nd, 2017 (calibration period).  

The most important factor when calibrating a model is the accuracy of the measured data.  As mentioned in section 4, 

the measurements were processed to eliminate erroneous information based on the instrument’s thresholds. 

6.2.1. Offshore Wave Boundary Conditions for calibration 

Since the ADCP wave measurements were taken inside the harbor (Figure 9), offshore wave conditions for the same 

period of time were required.  This information was downloaded from the Nowcast of the Great Lakes Coastal 

Forecasting System4 at a Latitude of 43.0400° and a Longitude of -87.8°, as shown in Figure 27. 

 

Figure 27: Comparison between the offshore wave data vs the ADCP location. 

  

                                                           

 

4 http://data.glos.us/glcfs/ 
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Wave roses for the two different locations are shown in Figures 28 and 29. The change in magnitude and in direction 

is evident.  This is because as offshore waves enter shallower water, they become depth-limited and start to shoal and 

refract because of the varying water depths. Furthermore, when waves encounter an obstacle, such as the breakwaters 

at the project site, diffraction occurs and the wave crest will curve into the shadow area behind the breakwater. 

 

Figure 28: Offshore wave rose from 11/06/2017 to 
12/22/2017 

 

Figure 29: Nearshore wave rose from 11/06/2017 to 12/22/2017 
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6.2.2. Wind Boundary Conditions for calibration 

The wind data for the model calibration was downloaded from the NDBC MLWW3 station. The wind rose generated 

with this data shows that the dominant winds are coming from the WNW and the SW sectors, whereas the strongest 

winds are from the West and WSW. 

 

Figure 30: Wind rose from 11/06/2017 to 12/22/2017 
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6.2.3. Model calibration 

The wind and wave offshore data mentioned in sections 6.2.1 and 6.2.2 were used as boundary conditions to force the 

model during the calibration period.  

The initial run was completed using the software’s default parameters. The results show an underestimation of the 

wave heights in the model simulations (Figure 31). 

 

Figure 31: Comparison between the ADCP measured wave heights and the model simulation using the default parameters. 

 

To reduce the differences between the model results and the in-situ measurements, different formulations, solution 

techniques, and the following parameters were changed: 

• Resolution of the mesh grid. 

• Bottom friction coefficient for shallow water depths. 

• Wave breaking parameters. 

• Accuracy of the wind data. 
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Various model runs were completed modifying the tuning parameters until an acceptable difference was reached 

(calibrated) (Figure 32). 

 

Figure 32: Comparison between the ADCP measured wave heights and the model simulation after the tuning parameters were 
changed. 

Once that the wave module was calibrated, a similar methodology was followed to calibrate the current results from 

the Hydrodynamic module to the ADCP measurements. An acceptable correlation for the currents velocity was 

achieved () and the resulting tuned parameters were used for the simulation of the different return period events. 

 

Figure 33: Comparison between the ADCP measured currents (m/s) and the model simulation after the tuning parameters were 
changed. 
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6.2.4. Model Simulation for the different alternatives 

Once the model was calibrated, a digital terrain for each of the beach alternatives shown in Section 5 was created 

(Figures 33-36).  

 

Figure 34: Digital domain for alternative 1. 

 

 

Figure 35: Digital domain for alternative 2. 
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Figure 36: Digital domain for alternative 3. 

 

Figure 37: Digital domain for alternative 4. 
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The existing conditions of South Shore Park and the four beach alternatives were modeled under different return period 

events per directional bin, as discussed in Section 3.2 and Section 3.3 .  The purpose of these simulations was to 

assess the difference in the nearshore currents at each of the location during different wind/waves conditions.  The 

wind and waves used to force the model are shown in Table 5, for a total of 48 simulations. 

Table 5: Model simulation Boundary Conditions 

Direction and 
Return Period Event 

Hs (m) Tp (s) Wind Speed 
(m/s) 

Direction (°) 

NNE_1yr 3.11 7.5 13.8 22.5 

NNE_50yr 5.48 9.75 17.11 22.5 

NE_1yr 2.49 7 12.67 45 

NE_50yr 4.77 8.75 16.87 45 

E_1yr 2.03 6.25 12.71 90 

E_50yr 4.52 8.75 16.49 90 

SE_1yr 2.17 6.5 12.18 135 

SE_50yr 3.20 7.5 14.42 135 

SW_1yr -- -- 14.27 225 

SW_50yr -- -- 19.45 225 

W_1yr -- -- 14.09 270 

W_50yr -- -- 17.15 270 

 

After the simulations were completed, current speed information near the shore was extracted for each of the 

alternatives for comparison purposes.  Figures 37-41 show the location of the extraction points. 
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Figure 38: Extraction Point at the Existing Beach Location 

 

Figure 39: Extraction Point for Alternative 1 

 

Figure 40: Extraction Point for Alternative 2 

 

Figure 41: Extraction Point for Alternative 3 

 

 

Figure 42: Extraction Point for Alternative 4 

  

North Point 

South Point 
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6.3. Results 

A quantitative comparison of the nearshore currents was completed for each beach alternative and for the existing 

location of the beach.  The results for the one-year return period events per directional bin are shown in Table 6.  

Table 6: Nearshore current speed values for the 4 proposed alternatives 

Direction 

and 

Return 

Period 

Event 

Current Speed (m/s) 

Existing 

Beach 

Alternative 1 Alternative 2 
Alternative 3 (North 

Point) 

Alternative 3 (South 

Point) 
Alternative 4 

Before 

Structures 

After 

Structures 

Before 

Structures 

After 

Structures 

Before 

Structures 

After 

Structures 

Before 

Structures 

After 

Structures 

Before 

Structures 

After 

Structures 

NNE_1yr 0.06 0.28 0.25 0.09 0.08 0.09 0.07 0.28 0.22 0.28 0.24 

NE_1yr 0.18 0.36 0.33 0.11 0.16 0.11 0.11 0.36 0.32 0.36 0.3 

E_1yr 0.11 0.22 0.2 0.12 0.16 0.12 0.15 0.22 0.26 0.22 0.17 

SE_1yr 0.12 0.17 0.12 0.09 0.11 0.09 0.15 0.12 0.14 0.12 0.11 

SW_1yr 0.05 0.06 0.09 0.05 0.05 0.05 0.07 0.06 0.08 0.06 0.05 

W_1yr 0.11 0.09 0.13 0.06 0.07 0.06 0.06 0.07 0.2 0.07 0.08 

 

As requested by DNR, a comparison of the existing circulation in the locations of the proposed alternatives was added 

to Table 6. It is worth noting that in many of the locations, adding the jetties has slightly decreased circulation velocities.  

However, the jetties are necessary to contain the recreational beach and prevent sand migration. In the case of 

alternative 2, the circulation is slightly greater after adding the new jetties and re-grading the area, this is due to the 

beach being extended lakeward, closer to the breakwater opening. Additionally, two extraction points (North and South) 

were necessary for Alternative 3 to compare the differences between the North and the South beach. The Southern 

beach experiences increased circulation due to its location, and the fact that the offshore breakwater induces a slightly 

better current, the North Beach in contrast, has lower current velocities due again to the location in regards to the 

breakwater opening. 
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As stated previously, the dominant wind direction in the summer is NNE.  When winds are from the NNE, the water 

currents head towards the NW parallel to the shore.  As shown in Table 6, the nearshore current velocities are 

significantly higher in alternatives one and three than the velocities at the existing location. 

 

Figure 43: Current Speeds caused by winds from the NNE 1year return period event (Alternative 1).  
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Figure 44: Current Speeds caused by winds from the NNE 1year return period event (Alternative 2). 
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Figure 45: Current Speeds caused by winds from the NNE 1year return period event (Alternative 3). 
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Figure 46: Current Speeds caused by winds from the NNE 1year return period event (Alternative 4). 

The second most dominant wind direction during the summer is the West (Figure 6).  Alternatives one, four and three 

still show better water circulation than the existing beach although the difference is not as significant.  It is worth noting 

that water circulation varies the most in Alternative three, the water circulation South of the beach is higher than at the 

North, further to the breakwater entrance.  
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Figure 47: Current Speeds caused by winds from the W 1year return period event (Alternative 1). 
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Figure 48: Current Speeds caused by winds from the W 1year return period event (Alternative 2). 

 

Figure 49: Current Speeds caused by winds from the W 1year return period event (Alternative 3). 
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7. Conclusions  

− South Shore Park is located inside two breakwaters that shelter it from Lake Michigan’s waves.  This results 

in less energy from the waves breaking near the shore and therefore low current velocities along the shoreline. 

− The NNE is the dominant wind direction during the summer, occurring approximately 8.5% of the time. 

− Winds from the NNE and NE directions generate higher current velocities and increased water circulation is 

observed in the nearshore area.  The nearshore water in alternative one, three, and four experience higher 

current velocities than the velocities at the existing beach location.  Current velocities in the nearshore area 

of alternative two are similar to the existing beach location. 

− Winds from the West are the second most dominant direction during the summer.  The currents generated 

from the westerly winds have a SE direction.  The differences between alternative 1, 4 and the existing beach 

are not significant (~0.02m/s). 

− Alternative three shows higher current velocities at the southern part of the beach given the shape of the 

breakwaters that promote better water circulation, the same was not observed for the northern part of the 

beach. 

 

8. Recommendations 

The goal of this study was to develop alternatives to the existing beach layout and configuration that improved water 

circulation adjacent to the beach and reduce to the greatest extent possible the ongoing beach closures at South Shore 

Beach.  Based on the results of the modeling which indicates increased nearshore water velocities and circulation 

during winds from the NNE (prominent summer wind direction), we recommend alternatives #1 and #4. The advantage 

of alternative #4 is that it has the least cost, however, the recreational beach area is ~40% less than alternative #1. 

Alternative #3, also has increased water circulation, but only at the southern most limits of the beach, whereas 

alternatives #1 and #4, showed increased water circulation across the full width of the beach.   
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Initial Alternatives – Alt A 

 

 

 

 

1) hooked jetties trap north-bound sand and sediment 

2) offshore structure between hooked jetties creates a salient and allows for a longer, 

more open beach 

3) peripheral beach areas stabilized with restored dunes 

4) semi-private plaza at South Shore Terrace 

5) stormwater detention/infiltration at base of slope and back of beach 



 

Initial Alternatives – Alt B 

 

  

1) swim beach centered on South Shore Terrace 

2) offshore breakwater induces current to improve water circulation at centrally-

located swim beach 

3) public path engages South Shore Terrace plaza 

4) peripheral beach areas stabilized with restored dunes 

5) stormwater detention/infiltration at base of slope and back of beach 



 

Initial Alternatives – Alt C 

 

  

  

1) swim beach centered on South Shore Terrace 

2) public walks extend out onto jetties 

3) Oak Leaf Trail pulled lakeward to create dedicated plaza at South Shore Terrace 

4) public lawn terrace creates shade and green space at back of beach 

5) peripheral beach areas stabilized with restored dunes 

6) stormwater detention/infiltration at base of slope and back of beach 

7) assumes breakwater opening shifts northward to improve water circulation at centrally-

located beach 



 

Initial Alternatives – Alt D 

 

  

1) southernmost relocation best aligns with existing breakwater opening 

2) lawn terraces at the back of beach extend upland park to swim beach 

3) Oak Leaf Trail pulled lakeward to create dedicated plaza at South Shore Terrace 

4) jetty path terminates at overlook structure 

5) north beach stabilized by restored dunes 

6) stormwater detention/infiltration at base of slope and back of beach. 

7) southernmost relocation makes beach/park and beach/parking connections difficult 

8)  
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Figure 50: E_1yr 



 

 

Figure 51: E_1yr Alternative 1 

 

Figure 52: E_1yr Alternative 2 

  



 

 

Figure 53: E_1yr Alternative 3 

 

Figure 54: NE_1yr  

  



 

 

Figure 55: NE_1yr Alternative 1 

 

Figure 56: NE_1yr Alternative 2 

  



 

 

Figure 57: NE_1yr Alternative 3 

 

Figure 58: NNE_1yr 

  



 

 

Figure 59: NNE_1yr Alternative 1 

 

Figure 60: NNE_1yr Alternative 2 

  



 

 

Figure 61: NNE_1yr Alternative 3 

 

Figure 62: SE_1yr  

  



 

 

Figure 63: SE_1yr Alternative 1 

 

Figure 64: SE_1yr Alternative 2 



 

 

Figure 65: SE_1yr Alternative 3 
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8.1. Sediment Loading Analysis 

Pollutant loading for existing conditions was estimated using both the WinSLAMM and STEPL computer programs.   

8.1.1. WinSLAMM Modeling Methodology 

WinSLAMM is commonly used in Wisconsin to evaluate the relationships between sources of urban nonpoint source 

pollutants and the discharge of pollutants downstream. The model also evaluates the pollutant trapping capabilities of 

stormwater BMP’s, such as the biofiltration basins located in the yacht club parking lot.  

8.1.2. WinSLAMM Parameter Files 

WinSLAMM requires a series of parameters to simulate pollutant probability distribution, source area runoff coefficients, 

particle size distributions, and pollutant delivery characteristics.  Parameter files used for the analysis were selected 

based on DNR requirements, as summarized below: 

• Pollutant Probability Distribution File - WI_GEO01.ppd  

• Runoff Coefficient File - WI_SL06 Dec06.rsv  

• Particulate Solids Concentration File - WI_avg01.psc  

• Particulate Residue Delivery File - WI_dlv01.prr  

• Street Delivery Files:  

• Residential/Other - WI_Res and Other Urban Dec06.std  

• Institutional/Commercial/Industrial - WI_Com Inst Indust Dec06.std  

• Freeway - Freeway Dec06.std 

• Rain Files - WisReg - Milwaukee WI 1969.RAN 
 

STEPL Modelling Methodology 

Spreadsheet Tool for Estimating Pollutant Load (STEPL) is a model developed for the EPA which uses simple 

algorithms to calculate nutrient and sediment loads from different land uses and the load reductions that would result 

from the implementation of various best management practices (BMPs). It computes watershed surface runoff; nutrient 

loads, including nitrogen, phosphorus, and BOD5; and sediment delivery based on various land uses and management 

practices. The sediment and pollutant load reductions that result from the implementation of BMPs are computed using 

the known BMP efficiencies.  

STEPL Parameters and Assumptions  

• Milwaukee Mitchell AP Weather Station, 32 total inches of rain in 124 storm events annually 

• All tributary area is considered “Urban”, as no crop or pasture land is present onsite.  

• Septic system leakage was not included  

• Hydrologic soil group: C 

• Existing Bioretention BMP’s were included assuming 63% Nitrogen reduction, 80% Phosphorous reduction, 

and 80% TSS reduction for all runoff draining to the engineered soil. 

 



 

8.2. Existing Land Use 

Approximately 34 acres were included in the WinSLAMM model. The South Shore site was divided into 5 subbasins 

(Figure1) The Subbasins include:  (1) the existing beach area, (2) an area draining directly to the lake via storm sewer, 

(3) a portion of the yacht club discharging directly to the lake, (4) the area draining to the yacht club parking lot 

biofiltration basins, (5) the area southwest of the spur, . Other adjacent areas drain directly to a combined sewer owned 

by MMSD. For each subbasin, specific pollutant source areas ( such as parking lots, roadways, and other impervious 

areas) were quantified using shapefiles and aerial photos available from Milwaukee County. The models also include 

the biofiltration basins. The cross-section of the biofiltration basins was not known, but it was assumed that the minimal 

DNR requirements in Tech Standard 1004 were met, and 80% TSS removal was achieved for runoff flowing through 

the engineered media.  

 

 

      



 

Table 1. Assumed Urban land use distribution 

Watershed Urban Area 
(ac.) 

Industrial 
% 

Institutional 
% 

Transportation 
% 

Single-Family 
% 

Open Space 
% 

1 6.2 0 40 0 0 60 

2 8.6 0 9 13 0 78 

3 4.82 63 0 0 0 37 

4 7.77 42 0 7 29 22 

5 6.78 0 35 0 0 65 

 

Table 2. Pollutant Source Areas 

Subbasin # 1 2 3 4 5 

Location Ex. Beach Inland ST. NW-Shore NW-Yacht Club SE of Spur 

Source Area (ac) (ac) (ac) (ac) (ac) 

Roof-Sloped 0.38 - 0.08 0.54 - 

Parking - 0.24 1.82 2.91 0.00 

Driveway - - - 0.34 - 

Sidewalk 0.64 0.42 0.64 0.24 0.98 

Street 0.00 1.11 - 0.56 0.00 

Small Landscape 3.73 6.74 1.80 3.03 4.42 

Other Pervious 0.85 0.09 0.33 - 0.44 

Other Impervious 0.60 - 0.15 0.15 0.94 

 

8.3. Results 

As indicated in Table 3, the WinSLAMM model estimates that 8,065 pounds of TSS would be generated from the 34-

acre area under conditions (no controls).  Proposed BMP’s, including the biofiltration basins capture 2,498 pounds 

annually. This results in a TSS reduction of 80% for the area treated and approximately 31% for the overall site.   

As indicated in Error! Reference source not found.le 4, the STEPL model estimates that approximately 7,666 pounds 

of TSS would be generated from the 34-acre area under conditions (no controls).  Proposed BMP’s, including the 

Biofiltration Basins capture 1,768 pounds annually. This results in a TSS reduction of 80% for the area treated and 

approximately 25% for the overall site.   

For each subbasin, the annual pollutant/TSS loading is calculated based on the runoff volume and the pollutant 

concentrations in the runoff water. Each of the models has unique empirical runoff coefficients used to calculate 

pollutant so it’s not unexpected that the models would have somewhat different results.  

 

  



 

Table 3. STEPL TSS Loading 

Watershed TSS Load  
(no BMP) 

TSS Load 
(with BMP) 

TSS 
 Reduction 

  lb/year lb/year lb/year 

1 781.6 781.6 0.0 

2 1565.9 1565.9 0.0 

3 1120.2 1120.2 0.0 

4 1906.5 384.8 1521.8 

5 826.9 826.9 0.0 

Total Urban 6201.1 4679.4 1521.8 

 
Table 4. SLAMM TSS Loading 

Watershed TSS Load  
(no BMP) 

TSS Load 
(with BMP) 

TSS 
 Reduction 

  lb/year lb/year lb/year 

1 649.4 649.4 0.0 

2 1964.5 1964.5 0.0 

3 1570.3 1570.3 0.0 

4 3130.0 555.6 2574.4 

5 750.40 750.40 0.0 

Total Urban 8064.6 5490.2 2574.4 
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