
Facility Plan

WWTP & Lift Station 
Improvements
Madeline Sanitary District

179787  |  December 18, 2024





Engineers  |  Architects  |  Planners  |  Scientists

Short Elliott Hendrickson Inc., 156 High Street, Suite 300, New Richmond, WI 54017-1128

715.246.9906  |  888.881.4281  |  888.908.8166 fax  |  sehinc.com

SEH is 100% employee-owned  |  Affirmative Action Equal Opportunity Employer

December 18, 2024 RE: WWTP & Lift Station Improvements
Facility Plan
Madeline Sanitary District
SEH No. 179787  4.00

Mr. Zach Montagne, District Superintendent
Madeline Sanitary District
P.O. Box 267
La Pointe, WI 54850

Dear Mr. Montagne:

Attached you will find a draft copy of the WWTP & Lift Station Improvements Facility Plan for Madeline 
Sanitary District. Please do not hesitate to contact me with any questions.

Sincerely,

Samuel Bender, PE
Engineer V
(Lic. MI, WI)

srb
document1





Facility Plan

WWTP & Lift Station Improvements
Madeline Sanitary District

Prepared for:
Madeline Sanitary District

La Pointe, WI

Prepared by:
Short Elliott Hendrickson Inc.

156 High Street, Suite 300
New Richmond, WI 54017-1128

715.246.9906

101213-6 December 18, 2024

Samuel Bender, PE PE Number Date

Engineer V





SEH is a registered trademark of Short Elliott Hendrickson Inc. 

FACILITY PLAN  179787 

i 

Contents 

Letter of Transmittal 
Certification Page 
Contents 

1 Introduction ................................................................. 1 
1.1 Purpose and Scope ................................................................................ 1 
1.2 Location .................................................................................................. 1 
1.3 Location History ...................................................................................... 2 

2 Existing Conditions ..................................................... 2 
2.1 Environmental Setting ............................................................................ 2 
2.2 Demographics and Land Use ................................................................. 3 
2.3 Population............................................................................................... 3 
2.4 Existing Collection System ..................................................................... 3 
2.5 Existing Wastewater Loading ................................................................. 4 
2.6 Sanitary District Lift Stations ................................................................... 7 
2.7 Existing WWTP ....................................................................................... 8 
2.8 Existing WWTP Characteristics and Performance ................................ 12 

3 Design Criteria .......................................................... 14 
3.1 Design Year .......................................................................................... 14 
3.2 Future Population ................................................................................. 14 
3.3 Future Wastewater Loading.................................................................. 14 
3.4 Effluent Requirements .......................................................................... 15 

4 Description of Wastewater Treatment Plant 
Alternatives ............................................................... 16 
4.1 Alternative 1: No Construction .............................................................. 16 
4.2 Alternative 2: Sequencing Batch Reactor ............................................. 17 
4.3 Alternative 3: Upgrades to Existing WWTP .......................................... 18 
4.4 Alternative 4: Upgrades to Existing WWTP and Ammonia Removal .... 20 

 



Contents (continued)

FACILITY PLAN  179787 

ii  

5 Evaluation of WWTP Alternatives ............................. 21 
5.1 General ................................................................................................. 21 
5.2 Alternative 2.......................................................................................... 21 
5.3 Alternative 3.......................................................................................... 21 
5.4 Alternative 4.......................................................................................... 22 
5.5 Cost Effective Analysis ......................................................................... 22 
5.6 Parallel Cost Percentage ...................................................................... 23 
5.7 Non-Monetary Comparison................................................................... 24 

6 Recommended Alternative and Implementation Plan24 
6.1 Implementation Schedule ..................................................................... 25 
6.2 Project Cost and Funding ..................................................................... 25 
6.3 Estimated User Rate Impact ................................................................. 25 

7 Public Participation ................................................... 26 
7.1 Public Education ................................................................................... 26 
7.2 Public Hearing ...................................................................................... 26 

List of Tables 
Table 1  WWTP Influent Flow and Loading Summary .............................................. 4 
Table 2  Sludge Sample ......................................................................................... 10 
Table 3  2021-2023 WWTP Effluent Flow and Concentration Summary ................ 13 
Table 4  Population Projection Summary ............................................................... 14 
Table 5  WWTP Influent Design 2021-2023 Characteristics .................................. 14 
Table 6  Current WPDES Permit Limits .................................................................. 15 
Table 7  Variable Limits Table ................................................................................ 16 
Table 8  20-Year Present Worth Summary of Alternatives ..................................... 23 
 

List of Figures 
Figure 1  Monthly Influent Flow 
Figure 2  Influent BOD and TSS Loading 
Figure 3  Location of Lift Station 
Figure 4  Effluent TSS 
Figure 5  Effluent BOD 
Figure 6  Effluent TP 
Figure 7  Site Map  Alternative 2 
Figure 8  Site Map  Alternative 3 



Contents (continued)

FACILITY PLAN  179787 

ii i 

Figure 9  Site Map  Alternative 4 
Figure 10  FEMA Flood Map 
Figure 11  Wetland Map 
 

List of Appendices 
 WPDES 0030759 Permit 
 Cleaning and Televising Defects 
 CMAR Final 2023 
 Sludge Photos 
 Detailed Cost Opinions for Each Alternative 
 Endangered Resources Preliminary Assessment 
 WHPD Review 
 Public Education Material 

 Public Hearing Minutes 
 





 179787 

Page 1 

Facility Plan 
WWTP & Lift Station Improvements 

Prepared for Madeline Sanitary District 

1 Introduction 
1.1 Purpose and Scope 

The Madeline Sanitary District (MSD) serves the entirety of Madeline Island, in Lake Superior. 
The boundaries of the MSD and the Town of La Pointe are shared however, they are distinct 
entities which operate entirely separate from each other. The MSD owns the sanitary sewer 
system and wastewater treatment plant (WWTP) on Madeline Island. Wastewater on Madeline 
Island is either conveyed through the sanitary sewer collection system or is trucked to the WWTP 
from private wastewater holding tanks.  

The collection system consists of 4.3 miles of gravity mains and four sewage lift stations. Most of 
the system is composed of PVC pipe.  

The WWTP consists of fine screening, fine bubble aeration in two lagoons that are divided into 
four zones using a floating curtain baffle system, ultraviolet (UV) disinfection, and effluent 
pumping. The WWTP is operating under WPDES Permit WI-0030759-10-0, which expired on 
June 30, 2024. A new permit will be issued soon. A copy of the current, expired permit is included 
as Appendix A.  

Based on this Facility Plan and after approval from the Sanitary District and WDNR, design plans 
and specifications for the upgrade will be prepared. After approval, the project will be then bid for 
construction. The Sanitary District anticipates using The Clean Water Fund to finance the project. 

This WWTP Facility Plan is prepared per the WDNR regulations (NR 110) at the request of the 
Madeline Sanitary District to guide them in planning and designing an upgraded facility. A 
20-year planning design life is used, with the design year being 2045. This Facility Plan will 
examine the existing equipment to determine what upgrades, additional equipment, or revised 
processes will be necessary to meet future needs based on projected flows, loadings, and 
effluent requirements. 

Alternatives for upgrades will be analyzed, which include planning level cost estimates and 
present worth analyses. Based on present worth, the lowest cost-effective alternative that will 
meet all requirements will be identified. 

1.2 Location 
The Town of LaPointe is located on Madeline Island, the only developed Apostle Island, in Lake 
Superior in Ashland County in northern Wisconsin. The WWTP is located east of the Madeline 
Island Airport, less than a mile from Lake Superior. The planning area is the corporate limits of 
the Town of La Pointe. The WWTP currently discharges treated effluent to Lake Superior. 



FACILITY PLAN  179787 

Page 2 

1.3 Location History 
The WWTP and collection system was originally constructed in 1974. The WWTP was upgraded 
in 2009 with a new Headworks Building, fine bubble aeration, and septage receiving station. The 
WWTP is rated for an average summer flow of 0.163 Million Gallons per Day (MGD), and a 
maximum month design flow of 0.196 MGD. The average daily flow from 2021-2023 was 
0.058 MGD, and the maximum month flow was 0.129 MGD. The plant is designed for an average 
summer month biological oxygen demand (BOD) capacity of 394 lb/day. 

2 Existing Conditions 
2.1 Environmental Setting 

2.1.1 Transportation 
The Town of La Pointe, located on Madeline Island in Lake Superior, relies heavily on the 
Madeline Island Ferry Line for transportation to and from the mainland, operating from spring 
through early January. During winter, transportation includes windsleds and a well-managed ice 
road. The island can also be accessed year-round via the Madeline Island Airport, served by a 
3,000-foot paved landing strip. 

2.1.2 Climate 
The average annual temperature for the Town of La Pointe is 51.3 degrees Fahrenheit. The 
average summer high is 78 degrees Fahrenheit, and the average winter low is 6 degrees 
Fahrenheit. Average annual precipitation is 33 inches. Average annual snowfall is 73 inches 

2.1.3 Geography and Geology and Hydrology 
Madeline Island spans 14 miles in length and 3 miles in width, featuring a mix of sandy beaches, 
dense forests, and rocky shorelines. 
material that erode to form sandspits, beaches, and other coastal features. 

According to the United States Geological Survey (USGS) Topographical Maps of Madeline 
Island, the elevation varies between 600 and 800 feet Mean Sea Level. According to NRCS Soil 
Survey Data, the area around the WWTP is composed of Lerch-Herbster-Portwing components. 
These soils are typified by clayey till over underlying stratified loamy and sandy lacustrine 
deposits and characterized by their poor drainage and frequent ponding. 

Hydrologic features of the Island include streams, isolated wetlands and coastal wetlands, 
namely the Big Bay Lagoon sand spit and bog area. 

2.1.4 Surface and Ground Water Quality, Water Supply and Use 
Madeline Island is located in Lake Superior. According to the Wisconsin DNR Lake Superior 
Action Plan 2022-2024, Lake Superior continues to be in overall good condition and is the least 
environmentally impacted of all the Lakes. Key indicators identified in the report are all improving, 
unchanged, or undetermined. 

The groundwater in Ashland County is obtained from sand and gravel aquifers. Groundwater in 
Ashland County is generally of good quality and is suitable for most purposes. 
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The Town of La Pointe is mostly served by private wells. There is one community well, which 
serves approximately 15 properties. Water use is for residential, commercial, and municipal 
purposes. No major industrial users are located on the island.  

2.1.5 Air Quality 
A review of USEPA Air Quality map indicates the planning area is classified as 
attainment/unclassified, indicating that the area meets primary, secondary, and national 
standards for ambient air quality. 

2.2 Demographics and Land Use 
Demographic data for the Town was compiled from the recently completed Town of La Pointe 
Comprehensive Plan Amendment 2024  which references US Census Data 
from the 2020 Census and Wisconsin Department of Administration Population Estimates and 
Projections. 

According to the 2020 Census there were 848 housing units in La Pointe: 199 are classified as 
 a term that includes seasonal residences. The Town 

has 47 parcels with commercial improvements. The 2024 Amendment included results from 
Lightcast (supplied by the Northwest Regional Planning Commission) which calculated that in 
2022, there were 16 businesses with 1-4 employees, 19 businesses with 5-9 employees, 
6 businesses with 10-19 employees, and 3 businesses with 20-49 employees. There are no 
industrial users within the service area. 

Typically, water usage by user class (Residential, Commercial, Industrial, and Institutional) can 
be determined using data from the Public Service Commission (PSC). However, no data exists 
for the service area because the Town of La Pointe does not have a public water utility. Total 
wastewater flows for 2021 through 2023 for all user classes are used to forecast average daily 
base flows with considerations for inflow and infiltration as detailed in subsequent sections. 

2.3 Population 
The 2020 US Census estimated the 428 persons. Applying the 
most recent DOA projections to the 2020 Census population yields a population of 452 persons 
for 2024. is 2,500 persons. 
For purposes of determining future service flows for the alternatives considered, guidance in 
Wisconsin Code NR 110.09 (2) (j) was followed to convert seasonal population to equivalent full-
time residents. A factor of 0.3 was used for persons included in the summer population that are 
not year-round residents. The resulting equivalent full-time population of 1,066 will be used as the 
current population for the purposes of population projections. 

2.4 Existing Collection System 
The Sanitary District has approximately 4.3 miles of sanitary sewer and four lift stations. The 
2023 Compliance Maintenance Annual Report (CMAR) for the Sanitary District reports no lift 
station failures, sewer pipe failures, overflows, basement backups, or complaints from customers 
in the last year. 

The Sanitary District received a grant from Wisconsin Coastal Management Program which 
included funding to assess the condition of the existing collection system via cleaning and 
televising. Approximately 70 percent of the system was cleaned and televised. There were 
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35 defects identified. The list of defects with locations, and severities is included as Appendix B.

 each). The severity of the defects 
ranged from light (1) to severe (5) with two thirds being average (3) or less in severity. 

The 2022-2023 winter included record snowfall coupled with a late thaw and spring rains; this 
caused significant inflow and infiltration (I/I) at the WWTP. The Sanitary District plans to follow the 
recently completed cleaning and televising work with smoke testing and private lateral testing in 
areas of concern. The Sanitary District sewer use ordinance prevents the discharge of storm, 
drainage, ground, and unpolluted water into the sanitary sewers. The 2023 CMAR report is 
included as Appendix C. 

The Town of La Pointe recently completed a Comprehensive Plan Amendment earlier in 2024. 
The plan was, as its name suggests, comprehensive in reflecting the goals of the community. 
One of the critical priorities of the plan
of adding additional affordable housing. In concert with the Comprehensive Plan Amendment, the 
Town solicited letters of interest for adorable workforce housing development. One pair of parcels 
the Town put forward for consideration is presently available for sanitary sewer connection. The 
other parcel would require roughly one-half mile of interceptor sewer to be constructed. A 
previous sewer extension study determined that extension of sewer in this area would be 
feasible. The existing collection system is expected to handle the development of these parcels. 
Additional flows and loadings from these developments are included within the projections 
described below. 

The Facility Plan will address improvements to the WWTP for the expected flows and loadings for 
the next 20-years, including I/I as it is calculated today (See Section 2.5.1). 

2.5 Existing Wastewater Loading 
Wastewater flows and loadings are taken from an average of the last three years of data 
(2021-2023) from the Monthly Discharge Monitoring Reports (DMRs) supplied by the Sanitary 
District and WDNR. Table 1 summarizes the loadings from this period. A graphic summary of 
monthly influent flow is presented in Figure 1. A graphical summary average basis for influent 
TSS and BOD is presented in Figure 2. 

Table 1  WWTP Influent Flow and Loading Summary 

Influent Summary Units 2021 2022 2023 
Values Used 
for Upgrade 

Flow 
Minimum Month  MGD 0.030 0.027 0.039 0.027 

Average Annual MGD 0.052 0.060 0.061 0.058 

Maximum Month MGD 0.120 0.092 0.129 0.114 

Peak Day MGD 0.141 0.270 0.381 0.381 

BOD (lb/d) 
Average Annual lb/d 45 55 55 52 

Maximum Month lb/d 119 160 205 161 

Peak Day lb/d 167 270 293 293 
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Table 1 Continued WWTP Influent Flow and Loading Summary

Influent Summary Units 2021 2022 2023 
Values Used 
for Upgrade 

TSS (lb/d) 
Average Annual lb/d 61 75 73 68 

Maximum Month lb/d 144 189 218 167 

Peak Day lb/d 237 532 308 532 

BOD (mg/L) 
Average Annual mg/L 94 105 99 99 

Maximum Month mg/L 206 214 302 302 

Peak Day mg/L 286 465 386 465 

TSS (mg/L) 

Average Annual mg/L 132 151 133 139 

Maximum Month mg/L 245 300 324 324 

Peak Day mg/L 400 1120 445 1120 

The average daily wastewater divided out over the population of La Pointe results in a per capita 
flow of 55 gpd, a per capita BOD of 0.05 lb/day, and a per capita TSS of 0.07 lb/day. These 
values fall on the low end for expected values for a mainly residential community. 

The values above are based on influent flow, but it is worth noting that the historical data for 
effluent flow does not align with influent flow. Influent flow is monitored via a magnetic meter in 
the Headworks Building. Effluent flow is estimated based on effluent pump capacity and run time. 
Recently an effluent flow transducer was procured by the Sanitary District and installed in an 
existing flume to more accurately monitor flows. Further analysis is provided below. 

2.5.1 Infiltration and Inflow Analysis 
An evaluation of infiltration and inflow (I/I) into the Sanitary District collection System has been 
studied and described below. The I/I study was conducted to determine if excess waters from 
groundwater and storm water are significant enough to raise concern. 

Infiltration and inflow can enter the system in two ways. Infiltration occurs when groundwater 
seeps into sewer pipes through cracks or leaks, while inflow occurs when stormwater enters the 
sewer system though rain leaders, basement sump pumps, or manholes. These two sources can 
make the total quantity of water entering a treatment plant difficult to accurately predict.  

The United States Environmental Protection Agency (EPA) provides several documents to assist 
in determining whether I/I at wastewater treatment plants should be considered excessive. The 

on and inflow.  

Calculating Inflow/Infiltration (I/I) is challenging for the Sanitary District without additional flow 
monitoring. This difficulty arises from significant population fluctuations between summer and 
winter months, as well as a substantial number of users utilizing hauled waste disposal services. 
The combination of these factors and the absence of a centralized drinking water system hinders 
the determination of a base flow. Hauled waste disposal also distorts flow measurements 
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following rainfall events. Analysis approximating baseflow and infiltration were performed below. 
From that analysis, the Sanitary District does not face capacity issues related to flow. Instead of 
implementing additional monitoring techniques, it will be more cost effective for the Sanitary 
District to address defects as they are identified. Methods for identification include: 

 Smoke testing 

 Televising the mains 

 Televising the laterals 

 Home inspections for illicit connections 

These methods do not need to be completed across the entire community simultaneously but can 
be conducted on smaller sections over several years. 

2.5.1.1 Baseflow Determination 
As noted above, water usage by user class (Residential, Commercial, Industrial, and Institutional) 
cannot be determined using data from the PSC because the Town of La Pointe does not have a 
centralized public water utility.  

In absence of water usage data, historical influent data was reviewed for a period of average dry 
weather (ADW) flow. This was the highest 7 to 14 day average per day flow without precipitation 
and during high seasonal groundwater. ADW flow includes domestic wastewater and infiltration. 
June 2022 through December 2022 and May 2023 through September 2023 represented periods 
of above historical average lake level for Lake Superior. The groundwater in the areas around the 
collection system located near the shore of Lake Superior and wetlands that are hydraulically 
connected to the Lake are expected to reflect the high surface water levels. A period of ADW flow 
was identified for the off season and peak visitor season. 

The ADW flow for the off season was 0.042 MGD (October 2022) and for peak visitor season 
was 0.084 MGD (August 2023). Using the populations identified above, gallons per person per 
day values of 98 and 80, respectively, were identified.  

Groundwater infiltration (GWI) is then calculated. The EPA method to calculate GWI is to average 
the low nighttime flows (midnight to 6am) per day for the same ADW flow period, minus 
significant industrial or commercial flows. The Sanitary District utilizes a totalizer to determine 
daily influent flow so partial day data for the ADW flow period was not available. In absence of 
this data, low periods of ADW flow during low groundwater levels, reflective of low Lake Superior 
levels, were identified. Lake Superior was below historical average levels in March of 2022 (off 
season) and May of 2022 (peak visitor season). The low groundwater ADW flow was 0.027 MGD 
(March 2022) and the peak visitor season was 0.054 MGD (May 2022). 

The difference between average dry weather flow and groundwater infiltration represents 
baseflow or sewage only flows without infiltration impacts. The baseflow for off season was 
calculated to be 0.015 MGD or 35 gallons per person per day. The baseflow for peak visitor 
season was calculated to be 0.030 MGD or 29 gallons per person per day.  

2.5.2 EPA I/I Calculation 
The EPA handbook defines excessive I/I as greater than 120 gallons per capita per day. 
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The EPA handbook also states that rehabilitation of sanitary sewer systems exhibiting less than 
6,000 gallons of I/I flow per day per inch-miles of collection pipe is not cost effective. The Sanitary 
District has approximately 2.6 miles of 8-inch sanitary sewer and 1 mile of 10 inch sanitary sewer. 

-miles (30.8), 185,000 gpd of I/I would be 
considered not cost effective for the collection system. The highest maximum monthly flow in 
recent years occurred in April 2023. The total flow baseflow and I/I was 0.129 mgd. Comparing 

-effective value for I/I of 0.185 mgd shows that I/I is well below this 
limit.  

The EPA handbook also states that infiltration is non-excessive if the 7 14-day average dry 
weather domestic wastewater flow does not exceed 120 gallons per capita per day (gpcd) during 
periods of high groundwater. The period of analysis (June 2022 - December 2022) was one of 
high groundwater for the region and the maximum 7-day flow occurred in October 2022, at 
42,000 gpd. Based on a population of 428 people, the per capita flowrate is approximately 
98 gpcd, which is below the 120 gpcd standard set by the EPA. 

2.6 Sanitary District Lift Stations 
2.6.1 Lift Station No. 1 

Lift Station No. 1 serves the area between 
 Court and Voyager Lane and west of Whitefish Street. The station is composed of a 

13-foot deep, 5-foot diameter precast manhole equipped with two vacuum-primed pumps. The 
pumps are located on a baseplate above the wet well. A vacuum pump is used to remove air 
from the suction line allowing effluent to be drawn up to the pump; once the pump is primed (filled 
with effluent) it can start operating. The wastewater from this lift station is pumped through almost 
1000 ft of 4-inch force main to a manhole west of the intersection of Whitefish Street and Voyager 
Lane then flows by gravity to Lift Station No. 2. Figure 3 shows the location of the lift stations. 

2.6.2 Lift Station No. 2 
Lift station No. 2, located at the intersection of Main St E and Mandamin Rd, collects all the flow 
from the collection system and pumps to the WWTP. The station is composed of a wet well and 
dry well. The wet well is a 26.75-foot deep, 8-foot diameter precast structure. Two 8-inch suction 
pipes connect the wet well to the dry well. The drywell is an 8-foot diameter by 10.25-foot heigh 
chamber buried 18 feet deep. A manway provides access from the surface. The drywell houses 
two horizontal centrifugal pumps and control equipment. Each pump is designed for a flow of 
313 gpm at 82 feet of head. The pumps are 20 hp units and are rated for a maximum speed of 
1170 rpm. The discharge of the two pumps combines and leaves the drywell as one 8-inch 
forcemain. The forcemain to the WWTP is approximately 2 miles of 8-inch pipe. 

The pump station was installed in 1974, and the original equipment is still in operation. Humidity 
in the drywell has led to corrosion of equipment and piping. Entering the drywell to maintain and 
fix equipment is a safety issue because the structure is a confined space. The station does not 
have a permanent standby generator nor telemetry. During loss of power a portable generator 
must be brought from the WWTP to the station which further compounds the challenges during 
an already challenging situation. 
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2.6.3 Pressure Sewer System 
There is a pressure sewer system located west of Old Fort Road and north of South Shore Drive. 
There are seven grinder pump units with 1.1/4 and 2-inch pressure sewers. The pressure sewer 
system discharges to the southernmost manhole on Old Fort Road and then wastewater flows 
north to Lift Station No. 2. 

2.7 Existing WWTP 
After being pumped through a forcemain from Lift Station No. 2, wastewater enters the WWTP at 
the Headworks Building, where it passes through a magnetic flow meter and then through a 
rotary fine screen with 1/4-inch openings. Hauled wastewater from holding tanks, RV dump 
station, septic customers, and residential outhouses is dumped in the Hauled Waste Receiving 
Station and pumped into a common header with the influent from Lift Station No. 2, ahead of the 
magnetic flow meter. The screened wastewater flows from the Headworks Building to the first of 
two lagoons. The lagoons are equipped with fine bubble diffusers that convey air supplied by 
blowers in the Headworks Building. The lagoons are also equipped with baffle walls, media 
curtains and a floating insulated cover to enhance treatment. Effluent from the lagoons passes 
through an ultraviolet (UV) disinfection system before flowing by gravity to the effluent lift station. 
The effluent lift station pumps the treated effluent to the outfall on the north shore of the island 
into Lake Superior.  

2.7.1 Influent Flow/Sampling 
Influent flow is measured at the WWTP using a magnetic flow meter. There are no issues with the 
current flow meter. 

Influent grab samples are hand collected from the screen discharge manhole just downstream of 
the fine screen in the Headworks Building. A conduit for an automatic sampler tube was installed 
in the Headworks Building. The conduit runs from the screen discharge manhole into the Blower 
Room. If a composite influent sample is required or desired in the future, an automatic sampler 
could be installed in the Blower Room and draw a sample from the screen discharge manhole. 

2.7.2 Fine Screening 
The screening equipment is located in a stainless steel tank in the Headworks Building. The fine 
screening equipment consists of a mechanically-cleaned drum-shaped screen with bars spaced 
at 1/4-inch along with an integral screening washer and compactor. The make and model of the 
equipment is Huber Rotamat Ro 1 600/6. The screen is installed in a tank at an angle of 
35 degrees.  

There are no issues reported with the fine screening system. 

2.7.3 Hauled Waste Receiving Station 
The Hauled Waste Receiving Tank is located west of the Headworks Building. The tank has a 
storage capacity of approximately 10,000 gallons and is equipped with 2 submersible pumps that 
are designed to convey the hauled waste into the fine screen at a flow of 200 gpm against a total 
dynamic head of 17 feet. The pumps are 3.4 hp units and are rated for a maximum speed of 
178  rpm. The pumps are non-clog wastewater pumps for removable installation in a wet well. 
ABS, Inc. of Meriden, Connecticut manufactured the two ABS model AFP 1031 pumps. 
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The pumps operate automatically through the wet well level controller, cycling on and off as 
needed to handle hauled waste conditions. A submersible pressure transducer transmits a signal 
to the lift station control panel. Check valves in the valve vault prevent backflow through the 
pumps when they are not in service. These valves function automatically. There are plug valves 
on each pump that are normally kept open unless a pump is taken out of service. 

There are no issues reported with the Hauled Waste Receiving Station. 

2.7.4 Aerated Lagoons 
The Madeline WWTP utilizes an aerated lagoon system to achieve secondary treatment. There 
are two lagoons, each divided into two cells by hanging curtain, for a total of four cells. The first 
cell is a partial mix cell with 16 diffusers that convey air from the blowers in the Headworks 
building. Cells 2 and 3 are partial mix cells with 8 diffusers each. Cell 2 also has two media 
curtains that provide additional attached growth to enhance nitrification while Cell 3 has 4 media 
curtains. Cell 4 is a quiescent zone that allows suspended solids to settle out before effluent is 
discharged. 

The aerated lagoons at the Madeline WWTP were designed to provide a total hydraulic detention 
time of 24 days at average design flow of 0.163 mgd. This provides time for natural biological 
activities to reduce the amount of BOD5 in the wastewater. The aerated partial mix and quiescent 
cells have an operating depth of 10 feet. At this depth, air must be introduced into the ponds to 
provide oxygen needed to keep the microorganisms that consume the BOD5 alive. Air is provided 
by blowers and flows through fine-bubble diffusers. 

Screened wastewater enters the first partial mix cell from the influent control structure through a 
14-inch diameter ductile iron pipe (DIP). The wastewater is constantly mixed and aerated by two 
rows of 8 diffusers, or 16 air diffusers. The total volume of Cell 1 is approximately 
820,000 gallons, which provides 5 days of hydraulic detention time at the average design flow of 
163,000 gpd. 

Flow from Cell 1 passes through a window in the curtain baffle between Cells 1 and 2. Cell 2 has 
two rows of 4 diffusers, or 8 air diffusers. The total volume of Cell 2 is approximately 
820,000 gallons, which provides 5 days of hydraulic detention time at the average design flow of 
163,000 gpd. Within Cell 2, there are two media curtains that provide surface area for attached 
growth treatment. The attached growth treatment assists in the nitrification process as nitrifying 
bacteria thrive in an attached growth system. 

The wastewater leaves Cell 2 of Lagoon 1 via a 12-inch cast iron pipe through the berm that 
separates the lagoons and flows into Cell 3. The wastewater in Cell 3 is mixed and aerated by 
8 diffusers as in Cell 2. The total volume of Cell 3 is approximately 1,340,000 gallons, which 
provides 8.2 days of hydraulic detention time at the average design flow of 163,000 gpd. Within 
Cell 3, there are four media curtains that provide surface area for attached growth treatment. 

Cell 4, a quiescent zone at the west end of Lagoon 2, follows the aerated cells. The quiescent 
cell allows settleable solids in the effluent from the aerated cells to drop out of suspension. The 
total treatment volume of the stabilization pond is 970,000 gallons, which provides a hydraulic 
detention time of 6 days. 

The aerated ponds are designed to operate with little process control by the operator aside from 
periodic measurement of the DO concentration at various locations in each cell. If the DO 
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concentration in a cell is consistently over 2.5 or under 1.0 throughout the cell and during various 
times during the day, the airflow to the pond can be adjusted.  

The lagoons are covered with modular insulated floating cover systems. Lagoon 1, Cells 1 and 2, 
as well as Lagoon 2, Cell 3 are covered with insulated cover to reduce heat loss. Lagoon 2, 
Cell 4 is covered with a shading cover to eliminate UV light exposure. The covers are designed to 
accommodate snow, rain, and wind conditions for the full range of water levels. The shading 
cover over Cell 4 is too thin to accommodate safe operator access, and should be replaced with 
a cover of similar thickness to the other cells lagoon improvements are completed as part of the 
recommended alternative. 

In 2009 the lagoon banks were regraded to 3:1 slope. Prior to that project, the banks had 
sloughed due to water surface action. The lagoon covers help to minimize wave action and 
reduce erosion and sloughing. The lagoon banks are vegetated from the top of bank to the water 
line, which proves to be a maintenance issue for operations staff to safely mow.  

2.7.4.1 Lagoon Sludge 
A sludge judge was used to measure sludge depth. At this time samples were only collected 
midway between the last set of aeration diffusers and the baffle between the 3rd and 4th cells of 
the secondary lagoon. The sludge was observed to be very thick with an almost clay like texture. 
Sample depths are presented in the Table 2 below and photos of the samples are included in 
Appendix D. 

Table 2  Sludge Sample 

Sample 
Number 

Depth 
(inches) 

1* 16 

2 16 

3 14 

4* 15.5 

*samples taken in the 
same location 

Additional sampling is proposed to obtain a better understanding of sludge volume. While the 
volume of sludge in the lagoons is likely not sufficient to impact the treatment capacity of the 
WWTP, it would be cost effective and beneficial to removal sludge in conjunction with an upgrade 
project if work is required in the lagoons. If the WWTP is replaced altogether, sludge removal 
would be a necessary part of the lagoon decommissioning process. 

2.7.4.2 Aeration Equipment 
Three rotary lobe positive displacement blowers are utilized to provide air to the aeration and 
mixing system. The lagoons are designed to operate with one blower in the winter and two 
blowers in the summer. The third blower is provided for redundancy. Each blower is sized to 
deliver 190 SCFM of air at a discharge pressure of 6.1 psig. 

The aeration and mixing system employs a main air header and valved lateral piping system to 
distribute air throughout the basin. The aeration system is generally designed to provide uniform 
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air distribution without adjustment to the isolation/throttling valves on the laterals. If needed, the 
valves can be adjusted for direct control of airflow distribution for process control with guidance 
from the manufacturer, EDI. 

2.7.4.3 Phosphorus Removal 
Phosphorus removal is limited to biological uptake for wastewater organism cell maintenance. No 
chemical addition facilities for phosphorus removal are currently provided. There is an existing 
Blower Building to the west of the lagoons that once housed chlorine gas for disinfection which 
could house ferric chloride, if required. Code compliant storage and feed facilities would be 
difficult to achieve with the existing space; it is recommended that a new building or addition be 
provided for this purpose. 

2.7.4.4 Ammonia Treatment 
In order to enhance nitrification in the aerated lagoons, a fixed film media system was provided 
during the last upgrade project. The system consisted of curtains in Cell #2 and Cell #3. Each 
curtain had ribbons of fabric hanging in the lagoon to provide a surface for biological growth. The 
placement of the curtains with respect to the aerators allowed biomass to accumulate while still 
being regulated by the shearing action of the aeration to avoid too much accumulation.  

Nitrifying bacteria are typically slow-growing and can struggle with rapid changes in ammonia 
loading. These bacteria, which include ammonia-oxidizing bacteria (AOB) and nitrite-oxidizing 
bacteria (NOB), have relatively slow growth rates compared to other types of bacteria in 
wastewater treatment systems.  

Nitrifying bacteria require specific environmental conditions to thrive, such as stable pH, 
adequate alkalinity, and sufficient dissolved oxygen levels. Sudden changes in ammonia levels 
can disrupt these conditions, making it difficult for nitrifiers to adapt quickly. This can lead to 
inefficiencies in the nitrification process, resulting in poor ammonia removal. 

Over time the curtains have deteriorated and do not consistently provide nitrification necessary to 
meet the permitted ammonia concentrations. 

the effluent pH at the time of discharge. In general, the lower the effluent pH, the higher the 
effluent ammonia limit (see Section 3.4 for additional details).  

2.7.5 UV Disinfection 
Following aeration and settling in the lagoons, effluent flows by gravity to the ultraviolet 
disinfection system for pathogen inactivation. The existing system is composed of a steel 
channel, five ballasts with bulbs, and control panel located below grade in a concrete vault. The 
Bailey, Fischer & Porter system was rebuilt in 2015 but is now obsolete. Replacement parts are 
not available from the OEM which will cause reliability issues as the system continues to age. 
Staff have indicated intermittent electrical issues with the current system. 

The existing vault is served by a temporary sump pump. Future improvements should include a 
permanent sump pump system with redundant floats. 
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2.7.6 Effluent Lift Station 
The effluent lift station is located east of the Headworks Building. The station is composed of a 
21.5-foot deep, 6-foot diameter precast manhole equipped with two vacuum-primed pumps that 
are designed to convey the treated effluent to the outfall at a flow of 313 gpm against a total 
dynamic head of 44 feet. The pumps are 10 hp units and are rated for a maximum speed of 
1760 rpm. The pumps are vacuum-primed wastewater pumps located on a baseplate above the 
wet well. A vacuum pump is used to remove air from the suction line allowing effluent to be drawn 
up to the pump; once the pump is primed (filled with effluent) it can start operating. The 8-inch 
force main runs north from the WWTP approximately 2,262 feet then transitions to gravity for the 
final 1,389 feet of 10-inch sewer which ends in a submerged outfall. 

One pump is operated per month and the pump that is in service operates automatically through 
the station control panel, cycling on and off as needed to handle effluent flow. Floats transmit 
signal to the lift station control panel.  

The penetration in the wet well wall for the force main was previously patched, but the patch has 
failed and now allows infiltration into the effluent wet well. The vacuum system for pump priming 
is prone to leaking which hinders proper operation. Power for the pump station is currently 
provided from a separate service than the main service for the WWTP. 

2.7.7 Effluent Flow/Sampling 
Effluent flow measurement has historically been calculated by recording pump runtime and 
multiplying by the pump capacity to calculate daily flow. This method can be problematic because 
the pump may not be operating at the design point due to differing head conditions or may be 
worn and not pumping at full capacity.  

Due to these inaccuracies the Sanitary District purchased an ultrasonic flow meter for use with an 
existing Leopold-Lagco flume located between the UV disinfection system and the effluent lift 
station. The unit was installed at the end of August 2024. After two months of troubleshooting and 
calibration, data from November 2024 is believed to be accurate. The results indicate the effluent 
flow data derived from pump runtime could be 27 to 50 percent lower than what was is actually 
discharged when measured using the flume. Long term tracking would be required to determine if 
this trend is representative at various flow conditions  

Final effluent samples are collected from the effluent lift station manually with a rope and bucket. 
If a composite effluent sample is required or desired in the future, an automatic sampler could be 
installed in the Blower Room and a conduit installed to the effluent lift station.  

2.8 Existing WWTP Characteristics and Performance 
 CMAR report, the plant scored very well in all categories 

except for two. The effluent quality for phosphorus scored a C  due to two monthly effluent 
permit exceedances. There are currently no provisions for biological or chemical phosphorus 
removal other than primary settling at the Madeline WWTP. 

effluent flow rates. As mentioned above, there are issues with the accuracy of the effluent flow 
measurements that the Sanitary District feels provides inaccurate comparison of flow values. 
With this in mind, additional flow metering results tabulated from the new flume level sensor 
should be collected, and then the influent and effluent flows compared again to provide a more 
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accurate assessment of potential lagoon leakage.

one permit exceedance in July; the Sanitary District has been monitoring BOD5 and CBOD 
concurrently as part of a variance request over the last two years and results indicate that 
nitrogenous oxygen demand is resulting in biased high BOD5 results. All other categories 
including influent flow and loading, TSS, ammonia, biosolids quality and management, staffing, 
operator certification and education, financial management, collection systems received an 
A   3.00 out of a 

possible  CMAR report can be found in Appendix C. 

Effluent DMR data from the period 2021 to 2023 was reviewed and is summarized below in 
Table 3. Graphical summaries on a monthly average basis for effluent TSS, BOD, and TP are 
presented in Figure 4, Figure 5, and Figure 36, respectively. 

Table 3  2021-2023 WWTP Effluent Flow and Concentration Summary 

Influent Summary Units 2021 2022 2023 

Flow 
Minimum Month  MGD 0.024 0.020 0.024 

Average Annual MGD 0.043 0.049 0.049 

Maximum Month MGD 0.113 0.083 0.119 

Peak Day MGD 0.117 0.129 0.414 
 

Table 3 Continued  2021-2023 WWTP Effluent Flow and Concentration Summary 

Influent Summary Units 2021 2022 2023 

BOD (mg/L) 
Average Annual mg/L 15.9 21.4 12.6 

Maximum Month mg/L 75.2 117 36.8 

Peak Day mg/L 151 147 60.0 

TSS (mg/L) 

Average Annual mg/L 4.6 5.5 5.4 

Maximum Month mg/L 10.0 13.8 10.0 

Peak Day mg/L 12.0 16.0 13.0 

Phosphorus (mg/L) 
Average Annual mg/L 2.5 2.9 2.8 

Maximum Month mg/L 4.6 5.0 6.1 

Peak Day mg/L 5.7 5.7 6.4 

Ammonia (mg/L) 
Average Annual mg/L 3.7 4.8 7.2 

Maximum Month mg/L 17.0 22.4 36.3 

Peak Day mg/L 19.6 25.0 39.8 
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3 Design Criteria 
3.1 Design Year 

To comply with typical facility planning periods, a 20-year design period is used in the alternatives 
analysis that follows. The design year for the purpose of this report is 2044. Intermediate 
projections using 5-year increments are also included. 

3.2 Future Population 
The Town of La Pointe and the Madeline Sanitary District is estimated to increase to its highest 
population in 2044, a 14 percent increase from the current population (1,066) to 1,197 people. As 
noted in Section 2.3 the populations presented herein are equivalent populations which combine 
the year-round residents with the seasonal population. Currently, the Madeline WWTP does not 
serve any major industrial businesses and does not have future industrial users planned. 
However, future projections at the WWTP will involve an additional 10 percent loading for 
unexpected growth or businesses. A summary of DOA future population increases applied to the 
2020 Census data and seasonal equivalents with interpolated values in a 5-year increment to 
2044 is shown in Table 4. 

Table 4  Population Projection Summary 

Town of  

La Pointe 

2020 
Census 

2025 
Proj. 

2030 
Proj. 

2035 
Proj. 

2040 
Proj. 

2044 
Proj. 

Peak 
Population 

Population 428 458 480 502 502 511 511 

Seasonal Only - 2,048 2,148 2,247 2,247 2,286 2,286 

Equivalent  - 1,072 1,124 1,176 1,176 1,197 1,197 

% Difference - 6.9% 4.8% 4.6% 0.0% 1.8% 14% 

 

3.3 Future Wastewater Loading 
A summary of future wastewater loadings calculated using 14 percent future 
population growth with an additional 10 percent commercial growth is shown in Table 5.  

Table 5  WWTP Influent Design 2021-2023 Characteristics 

Flow (MGD) 2021-2023 
Projected 

Growth (14%) 
10% Commercial 

Growth 
Design Year 

Values 

Annual Average 0.058 0.008 0.007 0.163 / 0.0491,2 

Maximum Month 0.098 0.014 0.011 0.1961 

Peak Day 0.381 0.053 0.043 0.5151 

Peak Hour - - - 1.0301 

BOD (lb/d.) 2021-2023 
Projected 

Growth (14%) 
10% Commercial 

Growth 
Design Year 

Values 

Annual Average 52 7.2 5.9 2441 

Maximum Month 161 22.6 18.4 3941 
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Table 5 Continued  WWTP Influent Design 2021-2023 Characteristics 

TSS (lb/d.) 2021-2023 
Projected 

Growth (14%) 
10% Commercial 

Growth 
Design Year 

Values 

Annual Average 68 9.5 7.8 3181 

Maximum Month 167 23.3 19.0 5251 

1These values reflect the current rated capacity of the plant rather than the calculated projection to avoid 
artificially derating the plant. 
2Avarage Summer Flow / Average Winter Flow 

It should be noted that the calculated average flow (0.073 MGD) is less than the 0.163 MGD at 
which the plant is currently rated. For future design conditions, the current rated value is used. 
Similarly, the maximum month BOD projection would be 202 lb/d rather than the currently rated 
capacity of 394 lb/d, so the current rated value is used for the future project.  

3.4 Effluent Requirements 
The current, expired WPDES was effective from July 1, 2019 through June 30, 2024. The permit 
is included as Appendix A. A summary of the current WPDES effluent limitation requirements for 
the Madeline WWTP is provided in Tables 6 and 7. 

Table 6  Current WPDES Permit Limits 

Parameter Limit Type 
Limit and 

Units 
Sample 

Frequency 
Sample 

Type 
Notes 

BOD5, Total Monthly Avg 30 mg/L Weekly Grab  

BOD5, Total Weekly Avg 45 mg/L Weekly Grab  

Suspended 
Solids, Total 

Monthly Avg 30 mg/L Weekly Grab  

Suspended 
Solids, Total 

Weekly Avg 45 mg/L Weekly Grab  

Nitrogen, 
Ammonia Total 

Daily Max - 
Variable 

mg/L Weekly Grab Variable Limits June 
through September, 
see following table 

Nitrogen, 
Ammonia Total 

Monthly Avg 39 mg/L Weekly Grab Limit effective June 
Through September 

Nitrogen, 
Ammonia Total 

Weekly Avg 72 mg/L Weekly Grab Limit effective June 
Through September 

pH Field Daily Max 9.0 Weekly Grab  

pH Field Daily Min 6.0 Weekly Grab  

Phosphorus, 
Total 

Monthly Avg 5.1 Weekly Grab  

Fecal Coliform 
Geometric 

Mean - 
Monthly 

400#/100 mL Weekly Grab Limit effective May 
Through October 

Fecal Coliform 
Geometric 

Mean - Wkly 
656#/100 mL Weekly Grab Limit effective May 

Through October 
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Table 7 Variable Limits Table

Effluent pH s.u. Limit mg/L Effluent pH s.u. Limit mg/L Effluent pH s.u. Limit mg/L 

6.0  pH  6.1 72 7.0 < pH  7.1 44 8.0 < pH  8.1 9.4 

6.1 < pH  6.2 71 7.1 < pH  7.2 40 8.1 < pH  8.2 7.7 

6.2 < pH  6.3 69 7.2 < pH  7.3 35 8.2 < pH  8.3 6.4 

6.3 < pH  6.4 68 7.3 < pH  7.4 31 8.3 < pH  8.4 5.3 

6.4 < pH  6.5 65 7.4 < pH  7.5 27 8.4 < pH  8.5 4.3 

6.5 < pH  6.6 63 7.5 < pH  7.6 23 8.5 < pH  8.6 3.5 

6.6 < pH  6.7 60 7.6 < pH  7.7 19 8.6 < pH  8.7 3.0 

6.7 < pH  6.8 56 7.7 < pH  7.8 16 8.7 < pH  8.8 2.5 

6.8 < pH  6.9 52 7.8 < pH  7.9 14 8.8 < pH  8.9 2.1 

6.9 < pH  7.0 48 7.9 < pH  8.0 11 8.9 < pH  9.0 1.8 

SEH contacted WDNR about the need to submit an effluent limits request as part of this facility 
planning study per NR 110 Wis Adm. Code regulation. Because the future projected growth was 
less than the current rated design for the facility, WDNR indicated that an effluent request was 
not needed. No changes were noted from the limits summarized above. 

The calculated effluent limitation for phosphorus is not known at this time. The limit will be 
determined when the Lake Superior nearshore or whole lake model is approved. It is the  
expectation that phosphorus optimization efforts shall continue until a calculated effluent limit can 
be developed. 

4 Description of Wastewater Treatment Plant 
Alternatives 
As detailed above, there are several issues with the existing WWTP that need to be addressed 
due to equipment age and condition, operator safety, and reliability concerns. The alternatives 
developed below are intended to address these issues and provide capacity to serve the 
projected growth over the next twenty years. 

4.1 Alternative 1: No Construction 
This option would keep the WWTP same as it is now. The WWTP was designed for an average 
summer flow of 0.163 MGD. Though, the WWTP currently has an average summer flow of 
0.069 MGD and annual average flow of 0.058 MGD, well below design limits, some of the 
treatment plant equipment is 50 years old. Aged equipment is likely to be less efficient, more 
difficult to obtain parts for repair, and may be past its useful life expectancy already.  



FACILITY PLAN  179787 

Page 17 

Should the Sanitary District choose to maintain the WWTP in its current state, staff will continue 
to face several ongoing issues including but not limited to:  

 Lift Station No. 2 emergency reliability and routine access issues. Components of the 
station are 50 years old. 

 Potential lagoon exfiltration (pending ongoing flow study). 

 Inability to effectively meet ammonia limits. 

 Inability to effectively meet phosphorus limits. 

 Failure to reliably and adequately disinfect if replacement parts for UV Disinfection 
system cannot be sourced. 

 Effluent Lift Station reliability issues. Components of the station are 50 years old. 

Because of the list of age, condition, and reliability related issues, this alternative was not 
evaluated further. 

4.2 Alternative 2: Sequencing Batch Reactor 
This alternative would include the following: 

 Replace the current aerated lagoon process with a Sequencing Batch Reactor (SBR) 
located to the north of the current plant. 

 Lagoon sludge removal/disposal, abandonment of lagoons.  

 Add a grit removal system to the treatment train prior the SBR. 

 Construct an operations building to house pumps. Repurpose or replace existing blowers 
in Headworks Building, depending on compatibility. 

 Replace ultraviolet disinfection system with a new ultraviolet disinfection system. 

 Replace Lift Station No. 2 with a submersible lift station. 

 Replace Effluent Lift Station with a submersible lift station. 

4.2.1 Lift Station No. 2 
The existing Lift Station No. 2 can-style lift station will be replaced with a typical modern style 
submersible lift station and valve vault. The top section of the existing wet well will be replaced 
along with a new access hatch for installing and retrieving the pumps. The lower section of the 
wet well will be rehabilitated to address defects identified during sewer cleaning and televising. 
Two submersible pumps and discharge piping will be installed in the existing wet well. A new 
valve vault will be provided to house isolation and check valves. Electrical and controls will be 
located in a new control panel. A diesel generator will be provided for backup power. The existing 
can station will be decommissioned after the new station is constructed and is operable. 

4.2.2 Grit Removal 
At the existing WWTP site following screening, flow would enter a vortex grit removal system, 
where grit would be segregated and classified for disposal at a landfill. Flow from grit removal 
would proceed to the SBR.  

4.2.3 Sequencing Batch Reactor 
Alternative 2 proposes that the Sanitary District replace the current aerated lagoon treatment 
process with an SBR. Instead of two lagoons for treatment, a SBR system would instead consist 
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of two smaller concrete basins. SBR basins typically come in sets of at least two, operating in 
parallel, which provides built in resiliency in the event either of the basins need to be taken down 
for maintenance. The SBR proposed in this alternative would be constructed at the current 
WWTP site, north of the existing lagoons.  

SBRs operate with biological processes similar to the aerated lagoons currently in use at the 
plant. However, the activated sludge within a SBR is more concentrated allowing for faster 
treatment within a smaller footprint. SBRs typically operate in 4 stages, staggered between the 
multiple reactor basins. First, the SBR is filled with influent. Once it has reached capacity, the 
influent gate closes, and flow begins entering the other basin. The filled basin is then aerated, 
providing oxygen to the microbes present in the SBR. Once the microbes have been given 
enough time to sufficiently breakdown the organic matter and reduce the BOD in the tank to 
acceptable levels, the aerators are turned off. This allows the sludge in the basin to settle out.  

SBR treatment should be able to biologically remove phosphorus to below 1 mg/L without 
chemical addition. It should also be able to meet the ammonia limits specified in the WPDES 
permit without chemical addition.  

Once complete, the treated wastewater is decanted from the surface of the SBR and discharged 
to the next treatment process.  

4.2.4 UV Disinfection 
The existing ultraviolet disinfection system and structure would be replaced with a new system. 
The existing system is a channel system located in a below grade vault. Closed-vessel systems 
are also available with various benefits and downsides. UV 
systems at lagoons, a channel system was used for the purposes of this report. 

4.2.5 Effluent Lift Station 
The existing effluent lift station is a duplex vacuum-prime lift station. The vacuum-priming system 
is prone to leaks which renders the station inoperable. A typical modern style submersible lift 
station and valve vault would be constructed adjacent to the existing station. After the new station 
was constructed and brought online then the existing station would be removed.  

Two submersible pumps and discharge piping will be installed in the new wet well. A new valve 
vault will be provided to house isolation and check valves. Electrical and controls will be located 
in a new control panel. The control panel will be fed from the MCC in the Blower Room of the 
Headworks Building.  

A proposed site map for Alternative 2 can be found in Figure 7. 

4.3 Alternative 3: Upgrades to Existing WWTP 
This alternative would include the following: 

 Construct an operations building to house chemical feed systems or an addition to the 
Headworks Building. 

 Replace ultraviolet disinfection system with a new ultraviolet disinfection system. 

 Replace Lift Station No. 2 with a submersible lift station. 

 Sludge removal 
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Lagoon improvements including new cover over Cell 4 and rip rap around lagoons.

 Replace Effluent Lift Station with a submersible lift station. 

This alternative maintains the current lagoon treatment system with upgrades being made to 
influent pumping, disinfection, effluent pumping, and addition of chemical storage and dosing 
facilities. Sludge removal and lagoon improvements would also be included. 

4.3.1 Lift Station No. 2 
This alternative would propose the same changes as Section 4.2.1 

4.3.2 Lagoon Improvements 
Prior to proceeding with improvements to the lagoons, sludge would be removed to 
accommodate construction activities. Sludge removal last occurred in 2009 and at that time a 
larger quantity was removed than originally estimated; additional sludge judging is recommended 
to refine the final estimate.  

Under this alternative, the cover on Cell 4 would be replaced with thicker material that matches 
the other cells so that it can support personnel and equipment for maintenance. Rip-rap with a 
geotextile barrier will replace the grassy inner slopes to improve maintainability and safety. It is 
recommended to perform additional sludge judging prior to any sludge removal. With the project 
in 2009, more sludge was removed than planned because the sludge and clay liner was 
intermingling.  

4.3.3 Chemical Feed 
Under this alternative, the Sanitary District would feed ferric chloride for phosphorus removal and 
sulfuric acid for pH adjustment to achieve effluent ammonia requirements. A new operations 
building (or building addition) would be constructed to house chemicals and related feed pumps. 
Chemical feed pumps would deliver a consistent dosage of ferric chloride to a new crossover 
manhole between the ponds. The crossover manhole would include an aeration diffuser to 
enhance mixing. Aeration would be achieved through a small diameter airline tapped from the air 
main. This could also be used to purge the lines of moisture/water, if needed.  

The  WPDES permit includes a variable effluent ammonia limit that varies 
depending on the effluent pH at the time of discharge. In general, the lower the effluent pH, the 
higher the effluent ammonia limit (see Section 3.4 for additional details). This alternative would 
provide a means to reliably achieve compliance by lowering the effluent pH using sulfuric acid. 
Chemical feed pumps would deliver sulfuric acid to the mixing chamber downstream of the 
ultraviolet disinfection system that was previously used for disinfection.  

An eyewash and safety shower would be provided in the chemical building for code compliance. 

4.3.4 UV Disinfection 
This alternative would propose the same changes as Section 4.2.4 

4.3.5 Effluent Lift Station 
This alternative would propose the same changes as Section 4.2.5 

A proposed site map for Alternative 3 can be found in Figure 8. 
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4.4 Alternative 4: Upgrades to Existing WWTP and Ammonia 
Removal 
This alternative would include the following: 

 C Construct an operations building to house chemical feed systems or an addition to the 
Headworks Building. 

 Replace ultraviolet disinfection system with a new ultraviolet disinfection system. 

 Replace Lift Station No. 2 with a submersible lift station. 

 Sludge removal 

 Lagoon improvements including new cover over Cell 4 and rip rap around lagoons. 

 Replace Effluent Lift Station with a submersible lift station 

 The addition of a new polishing reactor to provide post-lagoon ammonia removal. 

4.4.1 Lift Station No. 2 
This alternative would propose the same changes as Section 4.2.1 

4.4.2 Lagoon Improvements 
This alternative would propose the same changes as Section 4.3.2 

4.4.3 Chemical Feed 
Under this alternative, the Sanitary District would add feed ferric chloride for phosphorus removal. 
A new operations building would be constructed to house ferric chloride and related feed pumps. 
Chemical feed pumps would deliver a consistent dosage of ferric chloride to a new crossover 
manhole between the ponds. The crossover manhole would include an aeration diffuser to 
enhance mixing. Aeration would be achieved through a small diameter airline tapped from the air 
main. This could also be used to purge the lines of moisture/water, if needed.  

An eyewash and safety shower would be provided in the chemical building for code compliance. 

4.4.4 UV Disinfection 
This alternative would propose the same changes as Section 4.2.4 

4.4.5 Effluent Lift Station 
This alternative would propose the same changes as Section 4.2.5 

4.4.6 Ammonia Polishing Reactor 
The current fixed film system for enhanced nitrification in the lagoons is effective for reducing 
influent ammonia concentrations, but it is not capable of providing consistent near-complete 
ammonia removal. The fabric curtains located between lagoon cells provides some substate for 
nitrifiers to grow on. However, the nitrifying bacteria must compete with other bacteria for 
resources and independent oxygen control to the curtains is not possible.  

This alternative would include addition of a dedicated post-lagoon polishing reactor to achieve 
<1 mg/L ammonia concentration in the effluent year-round. Polishing reactors contain larger 
quantities of media for nitrifying microbes to attach to and independent air headers for optimized 
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oxygen control. During colder temperatures, microbial activity slows, leading to potential washout 
in the lagoon effluent. However, storing more nitrifying bacteria on increased media surface area 
during warmer conditions the bacteria can be retained year-round. Additionally, nitrifying bacteria 
require more oxygen to convert ammonia to nitrate and nitrite than heterotrophic bacteria require 
to convert BOD to biomass. Providing ammonia treatment in a dedicated reactor allows for 
improved control and efficiency. 

This reactor would be a separate tank located to the north of the existing lagoons; effluent would 
be diverted through the reactor from the north lagoon prior to entering the disinfection process. 

A proposed site map for Alternative 4 can be found in Figure 9. 

5 Evaluation of WWTP Alternatives 
5.1 General 

The following sections outline advantages and disadvantages for each of the alternatives. A cost 
effectiveness analysis was completed and is presented below. The parallel cost percentage was 
determined and is presented. Non-monetary factors including primary and secondary 
environmental impacts as well as reliability of treatment were considered and summarized.  

5.2 Alternative 2 
The advantages of Alternative 2 are: 

 Modernizes treatment process with SBR, improving efficiency and treatment capacity. 

 Enhanced ammonia and phosphorus removal without chemical addition. 

 New UV disinfection system improves reliability. 

 Replaces outdated lift stations with modern submersible ones. 

 Adds grit removal system for better pre-treatment. 

The disadvantages of Alternative 2 are: 

 Significant capital investment required. 

 Requires sludge removal and lagoon abandonment. 

 The construction and operational transition period must be managed carefully to avoid 
disrupting ongoing operations. 

 A mechanical plant may be challenged to perform consistently over the wide seasonal 
variability in loading. 

5.3 Alternative 3 
The advantages of Alternative 3 are: 

 Maintains current lagoon system with necessary upgrades. 

 New chemical feed systems for reliable phosphorus and ammonia control. 

 New UV disinfection system improves reliability. 

 Replaces outdated lift stations with modern submersible ones. 

 Less disruptive than a complete overhaul. 
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The disadvantages of Alternative 3 are:

 Reliance on chemical addition for phosphorus and ammonia control. 

 Upgrades may not achieve the same level of treatment efficiency as a new SBR system. 

5.4 Alternative 4 
The advantages of Alternative 4 are: 

 Maintains current lagoon system with necessary upgrades. 

 Enhanced ammonia removal, achieving <1 mg/L year-round. 

 Reliable phosphorus removal through chemical addition. 

 New UV disinfection system improves reliability. 

 Replaces outdated lift stations with modern submersible ones. 

The disadvantages of Alternative 4 are: 

 Significant capital investment required. 

 Reliance on chemical addition for phosphorus control. 

 The construction and operational transition period must be managed carefully to avoid 
disrupting ongoing operations. 

5.5 Cost Effective Analysis 
A cost effectiveness analysis was performed to determine which wastewater treatment alternative 
will minimize total resource cost for the design life of the facilities and remain compatible with 
water quality goals. In a cost effectiveness analysis using the present worth analysis method, 
future costs are reduced to their present worth cost and summarized for each alternative. Future 
expenditures are converted to a present worth cost at the beginning of the planning period. The 
planning period is a time span for which alternative wastewater collection and treatment facilities 
are evaluated for cost effectiveness. Typically, a 20-year planning period is selected which 
corresponds to the design life of most process equipment. The total capital investment includes:  

1. Initial capital construction costs plus engineering, legal, and administrative costs.  

2. The capital costs necessary for major equipment replacement during the planning period. All 
future costs are discounted to the present using a single payment present worth factor 
computed at 2.5 percent, the present federally mandated discount rate. This yields the 
amount of money that must be theoretically invested at 2.5 percent when the project is 
initially constructed so that the capital required for equipment replacement would be available 
when such expenditures are required.  

The salvage value at the end of the planning period, which represents a credit, must also be 
considered in the present worth costs. Structures and equipment with a service life extending 
beyond the 20-year planning period are considered to have a salvage value. Straight line 
depreciation methods are used to determine the salvage value for these components. The single 
payment present worth factor computed at 2.5 percent is also applied to the total salvage value. 
The resulting present worth is subtracted from the present worth cost for each alternative.  
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The values of operation and maintenance costs that occur during the planning period are 
discounted to a present worth. The value of operation and maintenance costs that occur during 
the planning period is obtained by multiplying the estimated average operation and maintenance 
expenses during the 20-year planning period by a series present worth factor computed at 
2.5 percent. This yields the amount of money that must be theoretically invested at 2.5 percent 
when the project is initially constructed so that the annual operation and maintenance expenses 
can be paid each year for the 20-year facilities design life.  

Inflation of costs during the planning period was not considered in the analysis as specified in the 
Environmental Protection Agency (EPA) guidelines. Therefore, all costs provided are based on 
December 2024 costs; this includes future replacement costs and salvage values. The 
assumption is that all prices involved will tend to change by approximately the same percentage; 
thus, the results and conclusions drawing from the present worth cost analysis will not be 
affected by changes in the general level of prices. Detailed cost opinions for each alternative are 
found in Appendix E. 

Table 8  20-Year Present Worth Summary of Alternatives 

Alternative 
Initial 

Capital Cost 
Present Worth of 

Annual Cost 
Present Worth of 20-
Year Salvage Value 

20-Year Net 
Present Worth 

Alternative 2 $10,490,000 $2,799,000 $(1,139,000) $12,150,000 

Alternative 3 $3,219,000 $825,000 $(38,000) $4,006,000 

Alternative 4 $4,411,000 $1,672,000 $(38,000) $6,045,000 

 

5.6 Parallel Cost Percentage 
The parallel cost percentage refers to the proportion of project costs that correspond to and are 
eligible for below-market-rate financing relative to the total project cost eligible for CWF financing. 
To apply for a CWFP loan, the Sanitary District must submit a parallel cost estimate to the 
WDNR. This identifies the portion of the project eligible for a low-interest loan.  

The parallel cost percentage is determined by calculating a reduced capacity condition that 
removes reserve capacity provided for:  

 Projected flows beyond 10 years from the project completion date.  

 Industrial users with equivalent flows greater that 25,000 gpd.  

 State/federal facilities if the flow exceeds 5 percent of the total flow to the WWTP.  

Peak population occurs in 2044, however the absolute difference in population between 
2044 and 2034, 10 years from the projected project completion, and current is so minimally 
different that the facility to serve either would effectively be the same. Additionally, there are no 
industrial, state or federal users meeting the criteria above. The reduced capacity condition is the 
same as the design capacity. As a result, the parallel cost percentage is 100 percent. 
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5.7 Non-Monetary Comparison 
5.7.1 Primary Environmental Impacts 

Each alternative, with the exclusion of Alternative 1, will be able to achieve the goals for providing 
adequate wastewater treatment for current permit limits once the new facilities are completed, 
which will maintain the current quality of Lake Superior.  

Each alternative, with the exception of Alternative 1, has construction occurring on the current 
Sanitary District-owned property, therefore, minimal impact is expected.  

Construction impacts will include noise in the local area of the project, as well as air-emissions 
from construction equipment, but are expected to be similar to other construction projects. The 
entire construction area is previously disturbed, and currently in use as a WWTP, so there will be 
no negative impacts on flora, fauna, agricultural land or cultural, historic or archaeological 
features.  

According to  2. 
The flood maps show that the LS is located within the waterway. However, these maps are out of 
date with regards to the current topography. The 100-yr high water elevation for this area is 605. 
Record drawings indicate the top of casting for the lift station to be 630.5. During design a survey 
will confirm the elevation. At the WWTP, there are no floodplains present. The National Flood 
Hazard Map can be seen in Figure 10. 

Figure 11 shows the wetland/wetland indicator soils mapping for the wastewater treatment plant 
site. It should be noted that there are no mapped wetlands within the site. Wetland indicator soils 
nor mapped wetlands are present at the Lift Station No. 2 site adjacent to the marina. However, 
mapped wetlands are present adjacent to both sites. The proposed disturbance is within the site 
boundaries; therefore, wetland impacts are not anticipated. As part of the design, the Sanitary 
District will submit the project as part of the Wetland Identification Program to ensure DNR 
concurrence.  
 
An Endangered Resources Preliminary Assessment was performed for the proposed project, 
which indicated that the project is covered by the Broad Incidental Take Permit/Authorization for 
No/Low Impact Activities. The follow up action required to be implemented is to follow USFWS 
National Bald Eagle Management Guidelines. The findings of the assessment and review are 
included as Appendix F.  

An Archaeological Survey was conducted at the airport near the WWTP with no indication of 
archaeological materials located. There were no archeological or historical reports within or 
adjacent to Lift Station No 2. See Appendix G for the results. 

6 Recommended Alternative and Implementation 
Plan 
Based on the monetary and non-monetary evaluations presented in Section 5, it is recommended 
the Sanitary District select Alternative 3. Alternative 3 will 
provide reliable treatment over the next twenty years at the lowest cost to the Sanitary District. 

SEH recommends implementing this alternative as a single project as opposed to a phased 
series of projects based on the condition and age limitations of a number of the existing unit 
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treatment processes. The estimated project cost is $3,219,000 including contingencies, 
engineering, administration, and legal fees which is detailed in Appendix E. These costs are 
estimated for market conditions as of December 2024, and do not account for inflation beyond 
that date. 

6.1 Implementation Schedule 
The anticipated implementation schedule is outlined below: 

 Conduct Public Hearing      January 2025 

 Submit Facility Plan to WDNR      February 2025 

 Begin Design       February 2025 

 Congressional Appropriation Request    February 2025 

 WDNR Approval of Facility Plan     May 2025 

 Submit Drawings and Specifications to WDNR    September 2025 

 WDNR Approval of Drawings and Specifications    December 2025 

 Award of Construction Contract      March 2026 

 Start Construction       May 2026 

 End Construction/Startup      August 2027 

6.2 Project Cost and Funding 
The Sanitary District is pursuing financial assistance from the WDNR Clean Water Fund Loan 
Program (CWF). CWF provides subsidized interest rate loans and principal forgiveness 
(essentially grant dollars) to public entities seeking to fund wastewater infrastructure projects. 
The Bipartisan Infrastructure Law funds have increased the level of principal forgiveness in this 
program for SFY 2023-2027. The current estimate is that the district would be eligible for 30-35% 
principle forgiveness. Additionally, the Sanitary District can request a Congressional 
Appropriation for additional funding support. 

6.3 Estimated User Rate Impact 
The Sanitary District currently has a fee structure to account for the varied means by which it 
receives wastewater. The current fee structure is as follows: 

 Sewer User Fee: $34 per month per unit 

 Holding Tank Dumping Fee: $125 per year 

 Septic Tank Dumping Fee: $150 per 1000 gal 

 Pit Toilet Dumping Fee: $250 per 1000 gal 

Assuming the proposed project is funded by the CWF and financed over 20 years, the current 
interest rate would be 55 percent of the market rate of 4.0 percent, or 2.2 percent. Current levels 
of principal forgiveness through the CWF indicate that the Sanitary District could receive up to 
30-35% percent principal forgiveness. Based on the proposed estimated capital cost of 
$3,219,000, and assuming 30 percent principal forgiveness up to the loan forgiveness cap of 
$2,100,000, the Sanitary District loan amount would be $2,253,300. The annual debt service for 
this loan would be approximately $140,478.  
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Additional operation and maintenance costs associated with the project are associated with 
chemical usage. These would include chemical deliveries and pump maintenance. 

CWF requires the Sanitary District to have in place and pay into an equipment replacement fund. 
To fully replace all equipment at the WWTP when equipment is at the end of its design life, the 
Sanitary District would need to contribute $34,650 annually to the fund. CWF does not require the 
Sanitary District to plan for all equipment and deposits of less than $34,650 would be accepted 
and encouraged. It is suggested that the Sanitary District work with their accounting team to 
determine an appropriate amount for the equipment replacement fund once CWF loan funds are 
awarded.  

While the details of user charge changes will need to be calculated with the final bid price, for the 
purposes of this exercise, it is assumed that the debt service payment will be added to the fixed 
charge. To evenly allocate the proposed debt, a cost per 1000 gals of $6.64/1000 gal was 
determined based on the annual average flow from 2021-2023. For Sewer Users, the average 
flow is 4300 gal/month. This equates to an increase in fees of $28.53 per month or $342.40 per 
year. For Holding Tank Users, the average flow is 7480 gal/year. This equates to an increase in 
fees of $49.63 per year. This does not account for any additional funds for an equipment 
replacement fund. 

With the assumptions outlined above, the total annual impact on an average residential user will 
be a total annual cost of $750.40 
Comprehensive Plan Amendment 2024, Median Household Income (MHI) of $64,063, this 
represents 1.17 percent of MHI. EPA considers sewer costs at or above 2 percent of the MHI to 
be a hardship. Most communities have between 1--2 percent of their MHI. 

7 Public Participation 
7.1 Public Education 

The goal for public outreach in the context of the Madeline Sanitary District (MSD) project is to 
engage and educate residents about the necessary updates to the Wastewater Treatment Plant 
(WWTP) and sanitary system, and their positive impact on the natural environment. This will be 
achieved through community outreach and a public hearing regarding the Facility Plan. The 
outreach aims to inform residents about the importance of having an up-to-date WWTP, how it 
protects the local environment, and steps they can take through proper wastewater system use to 
contribute positively. Public educational material included in Appendix H. Public outreach material 
includes: 

 Public Outreach for WWTP & Sanitary Sewer Improvements 

 Protect Our Environment: Avoid Harmful Substances Down the Drain 

 Impact of Ammonia and Phosphorus on the Environment from Wastewater Treatment 
Plants 

7.2 Public Hearing 
A public hearing for the recommended alternative was held on January 15, 2025 in compliance 
with NR 110.09 requirements. Minutes of that meeting will be included as Appendix I. 

srb 



Figures 
Figure 1  Monthly Influent Flow 

Figure 2  Influent BOD and TSS Loading 

Figure 3  Location of Lift Station 

Figure 4  Effluent TSS 

Figure 5  Effluent BOD 

Figure 6  Effluent TP 

Figure 7  Site Map  Alternative 2 

Figure 8  Site Map  Alternative 3 

Figure 9  Site Map  Alternative 4 

Figure 10  FEMA Flood Map 

Figure 11  Wetland Map 





















Appendix A 
WPDES 0030759 Permit 



















































Appendix B 
Cleaning and Televising Defects 





Appendix C 
CMAR Final 2023 



























































Appendix D 
Sludge Photos 



1

Photo 1 Sludge Sample 1

Photo 2 Sludge Sample 2



2

Photo 3 Sludge Sample 3

Photo 4 Sludge Sample 4



Appendix E 
Detailed Cost Opinions for Each Alternative 
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Appendix F 
Endangered Resources Preliminary Assessment 















Appendix G 
WHPD Review 



Madeline Sanitary District Wastewater Treatment Plant

ARI 16-0223 (green polygon on SE side of Airport Runway)

WDOT Archaeological Survey Field Report: Major Gilbert Field Airport, Ashland County, Wisconsin-
Stiles, Cynthia - In July 2015, Stiles conducted phase I survey for a weather station at Major Gilbert 
Field Airport project. No cultural materials were found.

Letter Report: Major Gilbert Field/Madeline Island Municipal Airport, Ashland County, Wisconsin -
Dickerson, Kent, Kathy Barri, and Sandra Le Grew - In July through August 2016 WHS-MAP and 

associated with the Madeline Island Municipal Airport in Ashland County, Wisconsin. Disturbance 
included construction of a 45 by 45 foot earth- -foot wide graded gravel access 
road, and vegetation clearance within a 1000 foot diameter area around the pad. Work was halted 

cultural materials or features were observed.



Madeline Sanitary District Lift Station No. 2

No archeological or Historical reports within or adjacent to site area.
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Public Education Material 











Appendix I 
Public Hearing Minutes 




