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Executive Summary 
This Master Plan was completed to identify current issues and provide a long-term plan for the City of 

Mackinac Island Wastewater Treatment Plant (WWTP). This report includes recommended upgrades to 

the WWTP that reflect the short-term and long-term needs of the community. The 20-year planning period 

for this report is from 2022 through 2042. 
 

Since the original construction of the WWTP, several renovations and expansions have been completed 

to meet the growing needs of the community. The facility is again routinely operating near or above its 

peak capacity during the summer months. Based on the observed and projected maximum day flows, an 

expansion of the WWTP is required to provide reliable compliance with the current discharge permit and 

to meet the demands for planned future growth within the service area. 
 

This report presents the results of the engineering and scientific evaluations performed to determine the 

need for the project, develop alternatives to remedy identified challenges and to define the scope of the 

recommended alternatives. Background information on the existing system is also provided along with the 

rationale used to define alternatives capable of meeting the wastewater treatment needs of the 

community. 
 

Three principal alternatives were developed to meet the project objectives and serve the long-term needs 

(20-year planning period) of the City. The principal alternatives were evaluated and compared for their 

technical and financial feasibility including a full life cycle cost analysis. 
 

The recommended alternative provides the most cost-effective solution to expand the facility and address 

future summer conditions while also effectively handling the smaller winter flows. Based on Moving Bed 

Biofilm Reactor (MBBR) technology, the recommended alternative has a relatively small footprint and the 

organic treatment capacity can be increased by simply adding additional media to the system as 

constructed. The MBBR system is simple to operate along with minimal mechanical equipment to 

maintain. The current total project cost forecast for the recommended alternative is $27 million. 
 

The magnitude of the project will require financial planning, including a determination of the best mix of 

funding alternatives. There are grants and principal forgiveness opportunities with certain programs as 

well as subsidized loans. Current interest rates for federal and local subsidized funding programs are a 

near record lows, helping defray the costs of the project over a 20 to 30-year period. Available options for 

funding this project include municipal bonds, USDA Rural Development grants and loans, Legislative 

Earmarks, and the Clean Water State Revolving Fund (SRF) loans and principal forgiveness. A municipal 

financial advisor should be consulted to determine the best source of funding for the project. 
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I. Introduction 
A. Objectives 
The purpose of the Master Plan is to evaluate the existing facilities and make recommendations for the 

short-term and long-term improvements necessary to meet the future wastewater treatment needs of the 

service area. To accomplish this objective, historical influent data, effluent permit limits, service area 

population growth, and projected flows and loadings, were reviewed to determine the magnitude of the 

expansion. An evaluation of the existing facility and future economic and environmental considerations 

have been used to identify the prioritized needs and improvements necessary at the Wastewater 

Treatment Plant (WWTP). 
 

B. Wastewater System Background 
The wastewater collection system serves a majority of the homes and businesses across Mackinac 

Island. Wastewater collected into the sanitary sewer system is pumped to the WWTP for treatment. 

Treated effluent is discharged to Lake Huron. Due to seasonal variation in tourist population and 

permanent residents, the WWTP experiences a significant fluctuation in flows throughout the year. 
 

The Mackinac Island WWTP is located along Stonecliff Rd. in the City of Mackinac Island. The facility 

operates under the jurisdiction of the Michigan Department of Environment, Great Lakes, and Energy 

(EGLE) NPDES permit system, Permit No. MI0026751 (see Appendix A). The permit expires on October 

1, 2023. 

 
Properties that are not connected to the collection system utilize septic tanks, which are periodically 

pumped out and the septage is hauled to the WWTP for further processing. 
 

II. Existing Facilities 
A. Pump Stations 
The City’s wastewater collection system is comprised of over 4 miles of gravity sewer, 5 Pump stations, 

and approximately 7 miles of forcemain. A map of the collection system is provided in Appendix B. 

A summary of the pump stations is provided below in Table 1. 
 
 

 

Table 1: Pump Station Summary 

Pump Station 
Firm Capacity 

(gpm) 

Biddle Point PS* 1,200 

Mission Point PS 200 

Park Avenue PS* 50 

Stonecliffe PS* 250 

Stonebrook PS 80 

*PS discharges directly to WWTP through common 12” 
forcemain 
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The Biddle Point Pump Station receives a majority of the City’s wastewater from areas served by the 

gravity sewer system and the Mission Point PS. Wastewater from the Biddle Point PS is pumped directly 

to the WWTP through a 12” forcemain. An improvement project is currently underway that will provide 

Biddle Point with a new tri-plex pump station rated for a firm capacity of 1,200 gpm. 
 

The Park Avenue PS serves a portion of the West Bluff area and is tied into the main forcemain to the 

WWTP. Similarly, Stonecliffe PS is connected to the main forcemain and receives flow pumped from 

individual simplex grinder pumps, the Solid Waste Handling Facility and the Stonebrook Pump Station. 
 

Three private pump stations serve the Harrisonville village area and discharge to the 12-inch forcemain 

between the Biddle Point and Park Avenue Pump Stations. 
 

The combined firm capacity of the pump stations discharging to the WWTP is estimated at 1,600 

gpm, assuming 100 gpm from the private Harrisonville PS. 
 

B. History of WWTP 
The Mackinac Island WWTP was originally constructed in 1970 and included preliminary screening and 

grit removal, two primary clarifiers, an oxidation tower, two aeration tanks, two final clarifiers, chlorine 

disinfection, aerobic sludge storage and sludge drying beds. As the service area was expanded and 

treatment requirements changed, the original WWTP was upgraded to accommodate needs of the City. 

The following list summarizes important expansions and improvements completed at the WWTP to date: 

 In 1982, the plant was expanded to include an additional oxidation tower, and an equalization 

basin. Mechanical screening equipment was also added to the headworks. 

 In 1992, the plant was expanded again to include two additional aeration tanks, two final clarifiers, 

and a sludge storage tank. A new fine screen and effluent pumps were also installed. 

 In 2012, an outdoor summer headworks structure was added to accommodate peak summer flow 

rates. A process building was constructed to house a new sludge dewatering system, and the 

sludge drying beds were abandoned. 

C. Overview of the Current Treatment Process 
To accommodate the large variability in flow between the summer and winter months, the WWTP has 

two modes of operation. Process Flow Schematics and hydraulic profiles of the existing facility are 

provided in Appendix B. 

 
Summer Operation 

During the summer (mid-May – late October), influent wastewater is pumped to the Summer Headworks 

Building, where the flow is measured by an electromagnetic flow meter. The wastewater flows through an 

automatic screen to remove rags and other large inorganic debris prior to treatment. Following screening, 

the wastewater enters a vortex grit removal chamber to settle out sand and other grit that could damage 

downstream treatment equipment. 
 

The wastewater flows by gravity through the winter headworks channel to the primary clarifiers where 

settleable organic matter is removed to reduce the organic loading to secondary biological treatment 

process. 
 

Secondary treatment pumps lift and split the flow between two oxidation towers before sending the 

wastewater to the aeration tanks for additional biological treatment. Biological treatment occurs 

continuously in four aeration tanks. 
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Effluent from the aeration tanks is divided between four final clarifiers to remove biological solids and 

phosphorus. Ferric chloride chemical addition is used to aid in phosphorus removal. 
 

From the final clarifiers, treated effluent flows to the chlorine contact chamber for disinfection prior to 

discharge. Plant effluent flow is measured by an ultrasonic level sensor over the chlorine contact tank 

weir prior to being pumped to the discharge location in Lake Huron. 
 

Winter Operation 

During the winter (November – mid-May), influent wastewater bypasses the summer headworks and 

enters to the winter headworks. The wastewater passes through the winter mechanical screen to remove 

rags and other larger debris prior to treatment. 
 

Following screening, flow is measured by an ultrasonic level sensor and transmitted over the 6-

inch Parshall flume. Any overflow goes to an equalization tank. 
 

Due to the low influent flow and loadings received during the winter months, the primary clarifiers, two of 

the aeration tanks, and both oxidation towers can be taken out of service. Biological treatment is 

accomplished using an extended aeration process in two of the aeration basins. Final clarifier 2 is the 

only clarifier on-line during the winter months because it is located indoors. 
 

From the final clarifier, the treated effluent flows to the chlorine contact chamber for disinfection prior to 

discharge. 
 

Solids Handling 

Settled sludge from the primary clarifiers is pumped to the two sludge decant tanks. Return activated 

sludge (RAS) from the final clarifiers is returned upstream of the aeration tanks or wasted to the sludge 

decant tanks. The scum is pumped out of the final clarifiers, as necessary. 
 

The digested sludge pumps transfer sludge to either the flocculation tank of the rotary screw press or to 

the biosolids storage tank for temporary storage. The screw press dewaters the sludge to prepare the 

biosolids for landfill disposal. 

The pressate from the screw press is pumped back through the plant, to either the primary clarifiers or the 

winter headworks channel after the Parshall flume. 

Due to the low volumes of sludge produced during the winter months, the sludge dewatering unit is 

typically taken offline. Waste sludge is stored in the decant tanks and biosolids storage tank until spring. 
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III. Design Criteria 
A. Development of Design Criteria 
Design criteria were developed for the WWTP to evaluate the existing facilities and understand the extent 

of the improvements required at the WWTP. Population and development projections were used to 

estimate future flows and loadings to the WWTP during the 20-year planning period. 
 

Multiple review meetings were held with City staff to evaluate the potential for future growth on the Island. 

There is currently a large portion of the Island that remains natural and undeveloped. The City indicated 

that there is a desire to grow and expand development on the Island, but it is not anticipated that 100% of 

the available future development will occur in the next 20-year planning period. 
 

B. Population Projections 
Due to the seasonal tourist nature of Mackinac Island, the City experiences a significant fluctuation in 

population from summer to winter seasons. The WWTP must be designed to accommodate the large 

variability in flow. For this reason, the future population projections were separated into summer and 

winter. 
 

Summer Population 

Future summer population was estimated using the 2018 Master Plan and 2017 Zoning Ordinance. The 

Zoning Ordinance was reviewed to determine available land area for each zoning district. Areas for each 

zoning district were estimated and divided among allowable land uses. Maximum densities for each land 

use were multiplied by the area to give a total population. This was assumed to be a ultimate future build 

out. A summary of this information is provided in Appendix C. 
 

The City estimates that approximately 55% of the potential future development could occur in the 20-year 

planning period. It is also assumed the Village of Harrisonville will be added to the collection system in the 

future due to failing septic systems. 
 

In addition to overnight tourists and residents on the Island, there are daily tourists. The number of daily 

tourists was estimated using 3.5% growth per year, as referenced in the 2018 Master Plan. 
 

Winter Population 

Future winter population was determined as approximately 25% of the summer population, per the year- 

round housing estimate in the 2018 Master Plan. 
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Table 2 compares the current population to the 20-year population projection and the ultimate buildout 

population. 

 
 

Table 2: Population Projections 

 

Current* 20-year Ultimate 

 Summer Winter Summer Winter Summer Winter 

Island Residents 1,943 492 3,380 860 5,520 1,655 

Hotel/Lodging 
Guests 3,006 

 
5,750 

 
10,460 

 

Seasonal 
Employees 4,000 

 
5,070 

 
8,420 

 

Total Residential 
Population 8,949 492 14,200 860 24,400 1,655 

       

Day Trip Tourists 7,740 0 12,800 0 17,100 0 

       

Total Design 
Population 16,689 492 27,000 860 41,500 1,655 

  *Data source: 2018 Master Plan Table 2-2. 

 
C. Wastewater Characteristics 

1. Existing Wastewater Volumes 

The existing WWTP Basis of Design indicated that the facility is rated to treat 0.96 million gallons per day 

(MGD). Based on the seasonal variations in flow the plant has two modes of operation that are designed 

to accommodate an average daily flow of 0.54 MGD and a maximum daily flow of 0.96 MGD in the 

summer (May – October) and an average daily flow of 0.13 MGD and maximum daily flow of 0.52 MGD in 

the winter (November – April). 
 

Influent flow data from September 2017 - January 2021 was reviewed and compared to the original 

design. Table 3 and Figure 1 present the rated hydraulic capacity, as well as the average and maximum 

flow observed during the roughly three-year period of review. 
 

Table 3: Current Hydraulic Loading 

 
Existing Basis 

of Design 
(Summer) 

 
2017 - 2021 
(Summer) 

Existing Basis of 
Design 
(Winter) 

 
2017 - 2020 

(Winter) 

Average Daily 
Flow (MGD) 

0.54 0.61 0.13 0.10 

Maximum Flow 
(MGD) 

0.96 0.99 0.52 0.40 

*NPDES Permit Rated flow capacity: 0.96 MGD 
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Figure 1: Current Hydraulic Loading 

The figure above demonstrates the wide range of seasonal flows received at the WWTP. Peak summer 

months are routinely approaching the maximum design capacity of the WWTP. Additionally, peak hour 

flow rates for both the summer and winter were reported above the intended design capacity. 
 

2. Inflow and Infiltration 

In October 2020, Fleis & VandenBrink (F&V) completed an Inflow & Infiltration (I/I) Analysis Flow 

Monitoring Report for the Biddle Point Pump Station Service Area. Based primarily on the flow responses 

observed during the April 29, 2020, 3.1-inch storm event, the 25-year 24-hour design storm I/I flows are 

projected to be approximately 0.75 MG during that 24-hour period (equivalent to 0.75 MGD), plus 0.06 

MGD from constant groundwater infiltration. The peak hourly flow rate of I/I alone is projected to be 1,000 

gpm. 
 

Many buildings served by the sewer system, particularly those in the downtown area, appear to have 

sump pumps connected to the sanitary sewer system. F&V conducted a detailed evaluation and field 

investigation in Spring/Fall 2021 to determine the potential impact of the sump pumps and feasibility to 

reduce I/I. Based on the results of the study it was determined that existing sump pumps could be 

contributing approximately 60,000 gpd during dry weather and up to 325,000 gpm during wet weather 

events. A complete detailed report outlining the suspected sump connections to the sanitary sewer 

system has been provided to the City. 
 

3. Design Wastewater Volumes 

The population projections and I/I Analysis described above were utilized to estimate a 20-year design 

flow that will serve as the basis for the 2022 WWTP Master Plan evaluation. Multiple per capita 

wastewater production rates were considered during the development of the estimated design flow: 
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1. U.S. Department of Agriculture & Rural Development (USDA RD) Bulletin 1780-2 – 

recommends a usage rate of 70 gallons per capita per day (gpcd). 

2.  2004 Recommend Standards for Wastewater Facilities (Ten States Standards) -

Recommends a per capita usage rate of 100 gpcd. 

3. Part 41 Michigan Department of Environmental Quality (MDEQ) Permit application for 

Wastewater Systems Improvements 2011 (2013 Mackinac Island WWTP Improvements). A 

usage rate of 110 gallons gpcd was estimated. 

 
Considering the average value of the sources discussed above, and the actual flows observed at the 

WWTP, a per capita usage rate of 80 gpcd  was assigned to residents (including overnight tourists). It 

was assumed that day trip tourists would contribute approximately one-third the flow of residential user 

or  26.7 gpcd. 
 

Table 4 summarizes the proposed future design flow. Based on the seasonal usage patterns of the 

system, it is recommended that the WWTP be designed to accommodate the maximum month average 

daily flow. As shown below, the design value is 1.538 MGD. This would account for the peak tourist 

population and allow for maximum number of residents on the island. Design and operational flexibility 

should be considered to provide plant turn down during periods of low flow. 

 

Table 4: Proposed 20-Year Design Hydraulic Loading 

 Summer 
(Max Month) 

Winter 

Overnight Tourist/ Resident 
Population 14,200 860 

Tourist Population 12,800 0 

 
Hydraulic Loading 

 
Summer Winter 

Overnight Tourist/ Resident 
Usage (gpd) 

1,136,000 68,000 

Tourist Usage (gpd) 342,000 0 

Groundwater Infiltration (gpd) 60,000 60,000 

25-year 24-hour design storm 
I/I flows 

750,000 750,000 

   

Max Month Avg. Daily Flow 
(gpd)1

 
1,538,000 128,000 

Maximum Daily Flow (gpd)2
 2,288,000 878,000 

Peak Hour Flow (gpm)3,4
 2,600 1,200 

1Max Month average day demand is based on total resident and tourist usage plus ground water infiltration. 
2Maximum Daily Flow is based on the average daily flow plus Inflow from the 25-year 24-hour storm. 
3 Summer Peak Hour Flow equals residential and tourist flow multiplied by Ten States Standards peaking factor (2.52) plus groundwater 
infiltration. 
4 Winter Peak Hour Flow equals residential and tourist flow multiplied by Ten States Standards peaking factor (3.84) plus groundwater 
infiltration, plus 1,000 gpm for peak I/I. Assuming EQ basin is offline during the winter months. 
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It should be noted that the design peak hour flow of 2,600 gpm exceeds the current firm capacity of the 

pump stations (1,600 gpm). Based on the population projections and potential I/I discussed above, 

planning for the long-term upgrade of the pump stations and WWTP influent and effluent forcemains may 

be required as the service area is expanded. The timing of this upgrade will be dependent on areas of 

development and the level of I/I removal that can be achieved. 

 
4. Existing Wastewater Quality 

Daily monitoring reports from September 2017 – January 2021 were summarized and compared to the 

original WWTP design loadings to evaluate the current organic and nutrient loading at the WWTP . 

These values are summarized in Table 5 below. 
 

Table 5: Current Nutrient Loading 

 Existing Basis of 
Design* 

2017 – 2021 maximum 
day 

Current Summer Max 
Month Average 

Current Winter 
Average 

 Concentration 
(mg/L) 

Loading 
(lb/d) 

Concentration 
(mg/L) 

Loading 
(lb/d) 

Concentration 
(mg/L) 

Loading 
(lb/d) 

Concentration 
(mg/L) 

Loading 
(lb/d) 

BOD5 750 6,003 755 4,471 633 3,500 82 67 

Suspended 
Solids 

650 5,202 588 3,544 335 1,867 64 51 

NH3-N 30 240 - - - - - - 

Phosphorus 
(Total P) 

6.2 50 9.28 38.4 4.6 24 3.27 2.65 

*Basis of Design Information Reference: pg 140 Wastewater Treatment Plant Operation and Maintenance Manual 

 

It is important to note that the organic loading is higher than typical domestic wastewater to account for 

receiving high strength waste from restaurants and business, as well as septic tanks from across the 

Island. 
 

The current winter influent concentrations are substantially lower than typical domestic concentrations 

due to the small population of year-round residents and observed inflow and infiltration throughout the 

collection system. The dilute concentrations present a challenge for complying with percent removal 

requirements on the City’s NDPES permit. 
 

5. Design Organic Loading 
Based on the max month average day flow projections presented above and the influent concentrations 

presented in the 2013 basis of design, Table 6 summarizes the 20-year design organic and nutrient 

loading. 
 

Table 6: Design Nutrient Loading 

 
Concentration 

(mg/L) 
Loading 

(lb/d) 

BOD5 750 9,600 

Suspended 
Solids 

650 8,300 

NH3-N 30 385 

Phosphorus 
(Total P) 

6.2 80 



City of Mackinac Island | WWTP Master Plan 2022 | January 2022 

10 847240 Wastewater Master Plan 

 

 

 

D. Effluent Requirements 
1. Current Limits 

The City of Mackinac Island WWTP operates under NPDES permit MI0026751. The current permitted 

effluent limitations are summarized in Table 7. 
 

Table 7: NPDES Effluent Permit Limits 

Parameter Effluent Limit 

Biological Oxygen Demand (BOD5) 
30 mg/L (monthly) 

45 mg/L (7-day) 

Total Suspended Solids (TSS) 
30 mg/L (monthly) 

45 mg/L (7-day) 

Total Phosphorous (as P) 1.0 mg/L (monthly) 

Fecal Coliform Bacteria 
200 cts/100 mL (monthly) 

400 cts/100 mL (7-day) 

Total Residual Chlorine 0.50 mg/L (daily) 

BOD5 Minimum % Removal 85% (minimum monthly) 

TSS Minimum % Removal 85% (minimum monthly) 

pH 
6.5 (daily minimum) 

9.0 (daily maximum) 

Dissolved Oxygen 4.0 (daily minimum) 

 
2. NPDES Permit 

The existing NPDES Permit is rated for a plant discharge of 0.96 MGD. A preliminary meeting with EGLE 

was held on February 18th, 2021 to review the current permit conditions and discuss future expansion of 

the facility. Based on the projected hydraulic loading of greater than 1.0 MGD, the NPDES permit 

classification for the WWTP would change. A major permit modification request would be required for any 

modifications to the facility that would increase the capacity above 1.0 MGD. EGLE staff recommend the 

modification request be submitted well in advance of any anticipated construction project to allow 

sufficient time for the permits department to complete their review. EGLE indicated the following potential 

changes to the current permit conditions: 

 Additional potential monitoring requirements for a WWTP rated above 1 MGD are as follows: 

 The annual fee would increase to $5,500. 

 There would be increased annual sampling requirements for metals, VOCs, and PFAS. 

 There is a possibility for a stricter mercury limit. 

 A Stormwater Pollution Prevention Plan (SWPPP) may be required. 



City of Mackinac Island | WWTP Master Plan 2022 | January 2022 

11 847240 Wastewater Master Plan 

 

 

 

IV. Evaluation of Existing WWTP 
F&V completed an evaluation of each unit process to determine the condition of equipment, evaluate any 

inconsistencies with current design standards, identify issues that should be addressed, and develop a 

timeline for resolving the issues. A complete asset inventory is provided in Appendix D. 
 

A. Influent Screening 
Summer Operation 

1. Process Description 

An automatic mechanical screen prevents inorganic debris greater than ¼-inch from entering the 

plant. Solids are collected and screened from the raw wastewater in the screening basket. As the 

basket fills, the screenings are compacted, dewatered, and sent to the collection bin to be landfilled. 

Table 8 provides equipment details of the mechanical screen. 
 

Figure 2: Summer Mechanical Screen 

 

2. Capacity Evaluation 

The automatic screen was designed to handle a peak flow of 2.2 MGD. The current firm capacity of pump 

stations is 1.6 MGD so under high flow conditions there is a potential for the screen’s capacity to be 

exceeded. The 20-year peak hourly flow is anticipated to be equivalent to 3.74 MGD. The existing screen 

has marginal capacity for the current flows and does not have sufficient capacity for the projected 20-year 

flow rate. 
 

3. Identified Issues 

 There is no by-pass channel with manual bar screen to provide coarse screening in the event of a 

mechanical screen failure.

 The septage receiving station has no rock trap or preliminary screening mechanism. This allows for a 

high concentration of solids and debris to be added to the waste stream upstream of the automatic 

screen which creates the potential to clog or damage the unit.

 There is no flow meter at the septage receiving station, so there is no way to accurately measure the 

amount of septage entering the WWTP.

 The equipment is exposed to the elements. This causes the summer headworks to be unusable 

during the winter months. It also creates a higher potential for odors.

Table 8: Summer Mechanical Screen Details 

Year Installed: 2012 

Equipment Manufacturer: WesTech 

Capacity: 2.2 MGD peak flow 

Drive motor: 1 hp 
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4. Recommendations 

To accommodate the future capacity of the WWTP, it is recommended that the influent screen be 

replaced and relocated indoors so the equipment could be utilized year-round. The existing outdoor 

screening area could be retrofitted to accommodate a septage receiving station with a flow meter, rock 

trap, and robust screening unit. 
 

Winter Operation 

1. Process Description 

A mechanical screen, located in the control building, is used during the winter months. A small 

equalization basin (3,500 gallons) provides bypass and buffer capacity for the existing screen. Table 9 

summarizes the design information for the mechanical screen. 
 

Figure 3: Winter Influent Screen 
 

2. Capacity Evaluation 

The winter mechanical screen was designed to handle a peak flow of 1.13 MGD. The 20-year peak hourly 
flow is anticipated to be equivalent to approximately 1.8 MGD. The existing screen does not have the 
capacity for the projected 20- year peak flow rates. 

 
3. Identified Issues 

 The existing equalization tank is too small. Winter overflows have occurred during snow melt and 

heavy rain events.

 The equipment remains in fair condition, but some evidence of corrosion was observed.

 The HVAC system is starting to corrode, and additional ventilation is required to meet NFPA 820 and 

provide a safe working environment.

 
4. Recommendations 

It is recommended that the existing winter headworks building be abandoned, and a new indoor 

headworks facility be constructed that could be utilized year-round. 

 Table 9: Winter Mechanical Screen Details 

Year Installed: 2013 

Equipment Manufacturer: WesTech 

Design Peak Flow:  
1.13 MGD 

Type: Auger Screen 

Drive motor: 1 hp 



City of Mackinac Island | WWTP Master Plan 2022 | January 2022 

13 847240 Wastewater Master Plan 

 

 

 

B. Grit Removal 
Summer Operation 

1. Process Description 

The screened wastewater is routed to a vortex grit removal system that allows heavier inorganic material 

to settle out of the wastewater and helps prevent highly abrasive grit from damaging or interfering with the 

operation of downstream equipment. 

 
The grit chamber contains a grit tank paddle, grit pump, cyclone separator, and grit washer. The grit 

pump transfers the grit from the bottom of the grit chamber to the grit washer. Grit is carried from the grit 

washer to a trash bin by a screw auger. Details of the grit removal equipment are provided in Table 10. 

 

Figure 4: Grit Removal Equipment 

 
2. Capacity Evaluation 

Available design information indicates that the existing vortex grit system was designed to handle influent 

flows up to 2.2 MGD. The current firm capacity of the pump stations is 1.6 MGD. Therefore, under peak 

flow conditions there is a potential for the grit system’s capacity to be exceeded. The 20-year peak hourly 

flow is anticipated to be equivalent to 3.74 MGD. The existing grit removal system has marginal capacity 

for the current flows and does not have sufficient capacity for the projected 20-year flow rate. 
 

3. Identified Issues 

 The equipment is exposed to the elements. This causes the summer headworks to be unusable 

during the winter months. It also allows for a higher potential for odors.

4. Recommendations 

It is recommended that the grit removal system be upgraded and relocated indoors so the equipment 

could be utilized year-round. 

Grit Removal - Winter 

1. Process Description 

The winter headworks building contains an abandoned grit removal system. Screened wastewater is 

routed through an aerated grit chamber, but all of the grit removal equipment has been abandoned and 

the system is not functional. 

 Table 10: Grit Removal Details 

Year Installed: 2013 

Equipment Manufacturer: WesTech 

Grit Pump Manufacturer: Gorman-Rupp Company 

Capacity  

Grit Pump: 22 gpm @ 27 ft TDH 

Grit Washer: 14 cft/hr 

Cyclone Separator: 225 gpm @ 5.75 psi 

Vortex Grit Tank motor: 0.5 HP 



City of Mackinac Island | WWTP Master Plan 2022 | January 2022 

14 847240 Wastewater Master Plan 

 

 

 
 

2. Capacity Evaluation 

The winter aerated grit unit is anticipated to have insufficient capacity during the next 20-year planning 

period. 
 

3. Identified Issues 

 The aerated grit system mechanical equipment is 28 years old and is no longer in operation.

 During peak spring flows there is a hydraulic bottleneck between the existing winter grit chamber and 

the aeration tanks that has caused overflows in the past.

4. Recommendations 

It is recommended that the existing winter headworks building be abandoned and a new indoor 

headworks facility be constructed that could be utilized year-round. 
 

C. Primary Clarifiers 
1. Process Description 

The WWTP contains two circular primary clarifiers. The primary clarifiers are designed to remove a large 

portion of the settleable organic solids from the wastewater during peak summertime flows. The primary 

clarifiers are necessary to reduce the organic loading to the secondary biological process and provide a 

thicker waste sludge to the decant tanks. Scum and floating solids are collected with a rotating skimmer. 

Sludge settles on the bottom of the clarifiers, and two arms direct sludge from the bottom of the tank to 

the center hopper of the clarifiers. The primary sludge pumps transfer the sludge to the decant tanks. 

Details of the primary clarifiers and primary sludge pumps are provided in Table 11 and Table 12. 
 

 Table 11: Primary Clarifier Details 

Tank Design  

Qty: 2 

Diameter: 24 ft 

Side Water Depth (SWD): 8 ft 

Volume: 100,346 gals, each 

Drive Motor: 0.75 HP 

Sludge Pump Design 

Type: 

Motor: 

 

Submersible 

5 Hp 

Figure 5: Primary Clarifier Mechanism 
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Figure 6: Primary Sludge Pump 

 

2. Capacity Evaluation 

 
Surface Overflow Rate 

The design standard for peak hourly overflow rate for primary clarifiers that do not receive waste active 

sludge is 2,000 gallons per day per square foot of surface area (gpd/sf). The clarifiers are each 24 feet in 

diameter for a combined surface area of 905 sf. The total rated capacity for the primary clarifier process is 

therefore: 2,000 gpd/sf x 905 sf = 1.80 MGD. 
 

Peak hourly influent flow data was not readily available; however, it can be estimated using population 

and average daily flow data, in accordance with the method given in Ten States Standards. For the year 

2020, the peaking factor is estimated at 2.75, corresponding to a peak flow of 2.16 MGD. For the 20-year 

design, the peaking factor is estimated at 2.52, corresponding to a peak flow of 3.74 MGD. 
 

The existing clarifiers do not have sufficient capacity to handle the current or projected peak flows. 
 

Weir Loading 

The allowable peak hourly weir loading for plants sized at less than 1.0 MGD is 20,000 gallons per day 

per foot of weir length (gpd/ft). The total weir length is approximately 148 ft. The weir loading capacity is 

therefore 20,000 gpd/ft x 148 ft = 2.96 MGD. The existing clarifiers have adequate weir length to handle 

the current flows, but not the projected flows. 
 

3. Identified Issues 

 The existing clarifiers are undersized and do not meet the minimum Ten States Standard of 10 

foot side water depth (SWD).

 Clarifier mechanisms have begun to exhibit surface corrosion.

 The treatment process lacks redundancy, both clarifiers must be operational to hydraulically pass the 

design flows. If a clarifier is taken out of service, all flow must pass through a single 8-inch pipe and 

there is a potential for the winter headworks to back up and overflow.

 The sludge pumps are aging and operating past their expected useful life.

 There are no safety guards on the sludge pumps.
 

4. Recommendations 

To accommodate the future design conditions of the WWTP it is recommended that the primary clarifiers 

and sludge pumps be replaced. 

 Table 12: Primary Sludge Pump Details 

Year Installed: 1971, 2007 

Equipment Manufacturer: Carter 

Quantity: 2 

Design Conditions 

Flow: 

Head: 

 
150 gpm 

67 ft TDH 

Motor: 5 HP 
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D. Secondary Treatment Pump Station 
1. Process Description 

Effluent from the primary clarifiers flows by gravity to the secondary treatment pump station where it is 

pumped up to the oxidation towers. The wet well is located directly below the electrical room and the 

access hatch is inside the building. Table 13 provides details for the secondary treatment pumps. 

 
 
 

 
Figure 7: Secondary Treatment Pumps 

 

 
2. Capacity Evaluation 

The existing secondary treatment pumps have a firm capacity of 1.8 MGD. The current firm capacity of 

the pump stations is 1.6 MGD. Therefore, under peak flow conditions there is a potential for the 

secondary treatment PS to be overloaded. The secondary pumps do not have sufficient capacity for the 

current or projected flows 
 

3. Identified Issues 

 The wet well is located in the control room near the pump electrical gear. The location of the wet well 

hatch in relation to the electrical gear is not in compliance with current NFPA 820 standards.

 The WWTP experiences intermittent power supply surges which can cause the secondary pump 

VFDs to trip on a fault. The VFDs do not automatically reset on fault and must be manually reset by 

an operator or the pumps will not restart.

 The small wet well provides minimal storage capacity in the event of a mechanical or electrical fault in 

the pumps. If the wet well overflows it will flood the control building basement and could potentially 

damage a majority of the process equipment and electrical gear.
 

4. Recommendations 

It is recommended that the existing secondary treatment pump station be abandoned as part of the 

proposed WWTP expansion. 

 Table 13: Secondary Treatment Pump Details 

Year Installed: 2013 

Equipment Manufacturer: Fairbanks Morse 

Quantity: 2 

Design Conditions 

Flow: 

Head: 

 
1,250 gpm 

64 ft TDH 

Motor: 30 Hp 
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E. Oxidation Towers 
1. Process Description 

Two oxidation towers are used during summer operation to reduce the organic loading to the activated 

sludge process. Wastewater is pumped from the primary clarifiers to the top of the oxidation towers by 

the secondary treatment pumps. A rotary distributor with four arms evenly disperses the wastewater 

across a column of plastic media housed within the towers. The plastic media is part of a fixed film 

biological process in which microorganisms grow on the surface of the plastic and consume the organic 

matter as the wastewater percolates through the towers. Details for the oxidation towers are presented in 

Table 14. 

 

Figure 8: Oxidation Towers 

 
 
 

 
2. Capacity Evaluation 

Hydraulic Loading 

The oxidation towers were designed to hydraulically pass 0.89 gal/sf/min across a combined area of 

670 ft. At the current maximum month design flow of 0.96 MGD (670 gpm), the loading rate is 1 

gal/sf/min. Additionally, the secondary treatment pumps are rated at 1,250 gpm, therefore during 

periods of high flow there is a potential for the oxidation towers to be hydraulically overloaded. 
 

Organic Loading 

The oxidation towers were designed to handle an organic loading rate of 150 lb BOD/1000cf/day. The 

current design organic loading capacity of the WWTP is 6000 lb BOD/day. Assuming the primary clarifiers 

remove 30% of the influent loading, the organic loading to the oxidation towers is 4200 lbs/day. The 

towers have a total combined volume of 14,362 cf which equates to a loading rate of 292 lbs/1000cf/day. 

Under the maximum month design conditions, there is a potential for the oxidation towers to be 

organically overloaded. 
 

The oxidation towers do not have sufficient capacity to accommodate the 20-year flow projections. 
 

3. Identified Issues 

 The oxidation towers are undersized to provide the needed biological treatment.

 There are significant structural concerns with the wooden structures and ladders so there is no way 

for operators to safely access the towers to inspect the media.

 Table 14: Oxidation Towers Details 

Tank Dimensions  

Qty: 2 

Diameter: 20 ft 

Media Depth: 21.5 ft 

Working Volume: 50,000 gal, each 

Media Manufacturer 

Tank 1: 

Tank 2: 

 

B.F. Goodrich 

American Surfpac 

Year Media Installed  

Tank 1: 1973 

Tank 2: 1986 

Total Media per Tower: 7,200 cubic feet 
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 The towers are operating well past their anticipated useful life and should be evaluated for 

replacement.

 There is a potential for seasonal odors from the operation of the oxidation towers
 

4. Recommendations 

As part of the proposed WWTP expansions, it is recommended that the existing oxidation towers be 

abandoned, and replaced with an alternative biological treatment technology. 
 

F. Aeration Tanks 
1. Process Description 

The aeration tanks are designed to provide biological treatment of wastewater through a conventional 

activated sludge process. The activated sludge process is an aerobic process in which microorganisms 

consume dissolved organic matter. The active mass of microorganisms is settled in the final clarifiers and 

either returned to the aeration basins as mixed liquor or wasted to the decant tanks. The mixed liquor 

supplies a healthy population of microorganisms to continue the treatment process in the aeration basins. 

All four aeration tanks are in service during the summer operation, and only Tanks 1A and 1B are used in 

the winter months. Three centrifugal blowers supply air to a diffused aeration grid which provides the 

mixing energy and oxygen transfer necessary for treatment. Details for the Aeration Tanks and Blowers 

are provided in Table 15 and Table 16. 

 

Figure 9: Aeration Tanks 

Table 15: Aeration Tank 
Specifications 

Tank Dimensions  

1A:  

Width: 19 ft 

Length: 45 ft 

Depth: 12 ft SWD 

1B:  

Width: 19 ft 

Length: 28 ft 

Depth: 12 ft SWD 

2A & B:  

Width: 19 ft 

Length: 38 ft 

Depth: 12 ft SWD 

Working 
Volume: 

64,807 gal, each 

Diffuser Type: Coarse Bubble 

Aeration Grid 
Manufacturer: 

Walker Process 
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Figure 10: Low-Capacity Blowers 

 

Figure 11: High-Capacity Blower 
 
 

2. Capacity Evaluation 

Ten States Standards lists the maximum permissible organic loading for a conventional activated sludge 

process as 40 pounds of BOD5 per day per 1,000 cubic feet (cf) of aeration tank volume. The total tank 

volume is approximately 34,000 cf during summer operation, which equates to an allowable BOD5 loading 

of 1,400 pounds per day. During the current maximum month design conditions, the organic loading rate 

to the primary clarifiers is approximately 2,100 pounds per day. This assumes 30% BOD removal in the 

primary clarifiers and an additional 50% removal in the oxidation towers. The projected 20-year BOD 

loading is estimated at 3,400 lb/day. 

3. Identified Issues 

 Existing aeration tanks are undersized to provide the needed biological treatment.

 The blowers were installed in 1970 and 2000. The typical useful life of a blower is 25 years. The 

low-capacity blowers are past their useful life and the high-capacity blower is approaching the end of 

its useful life.

 Based on the approximate age of the aeration diffusers it is likely that the diffuser membranes are 

due for replacement.
 

4. Recommendations 

It is recommended that alternatives for the biological treatment process be evaluated. Further discussion 

is provided in Section V of this report. 

Table 16: Secondary Treatment Blower Details 

Blower Type: Centrifugal 

No. of Blowers: Three 

Motor 

Blowers 1 & 2: 

Blower 3: 

 
40 Hp 

50 Hp 

Air Flow per Blower 

Blowers 1 & 2: 

Blower 3: 

 
736 cfm 

930 cfm 

Discharge Pressure 

Blowers 1 & 2: 

Blower 3: 

 
5.75 psig 

5.50 psig 

Age of Blowers  

Blowers 1 & 2: Refurbished in 
 1990s (installed in 
 1971) 

Blower 3: 2000 
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G. Final Clarifiers 
Summer Operation 

1. Process Description 

The final clarifiers are designed to remove suspended solids from the treated wastewater. Each clarifier 

has a rapid mix chamber that is used to blend ferric chloride with the wastewater to aid in phosphorus 

precipitation and removal. The clarified effluent overflows a perimeter weir and discharges to the chlorine 

disinfection process. Settled sludge from the bottom of each clarifier is directed toward the center of the 

tank with a rotating scraper arm. The sludge is pumped from the clarifiers using the Return Activated 

Sludge (RAS) pumps and either returned to the aeration tanks or wasted to the decant tanks. Scum and 

floating solids are collected with a rotating skimmer arm that directs the floatable material into the sludge 

hoppers where they can be pumped to the decant tanks. Table 17 and Table 18 provide details for the 

final clarifiers and RAS pumps. 

 

Figure 12: Final Clarifiers 

 Table 17: Final Clarifier Details 

Tank Dimensions 

1 & 2 

Diameter: 

Depth:    

Working Volume: 

3 & 4 

Diameter: 

Depth:    

Working Volume: 

 
 

24 ft 

8 ft SWD 

27,409 gal, each 

 
 

30 ft 

12 ft SWD 

65,034 gal, each 

Equipment Age: 

1: 

2: 

3 & 4: 

 
2012 

1971 

1994 

Drive Motor: 

1: 

2: 

3 & 4: 

 
0.75 Hp 

0.5 Hp 

0.5 Hp 
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Figure 13: RAS Pump 

 
 

2. Capacity Evaluation 

Surface Overflow 
The design standard for peak hourly overflow rate in activated sludge plants using ferric chloride for 

phosphorus removal is 900 gallons per day per square foot of surface area (gpd/sf). The clarifiers have a 

combined surface area of 2,320 sf during summer operation. The total rated capacity for the final clarifier 

process is therefore: 900 gpd/sf x 2,320 sf = 2.09 MGD. 
 

The projected 20-year peak hour flow is 3.74 MGD. The existing clarifiers do not have the capacity to 

accommodate the projected peak hour flows. 

 
Solids loading 

The allowable peak solids loading rate for activated sludge plants is 40 lbs per square foot of surface area 

per day(lb/day/sf). Typical Mixed Liquor Suspended Solids (MLSS) concentrations at the WWTP are 

2,000 – 5,000 mg/L. Based on the existing total surface area of 2,320 sf during summer operation, the 

rated capacity of the clarifiers is 2.2 MGD. 

 
Weir Loading 

The allowable peak hourly weir loading for plants sized at less than 1.0 MGD is 20,000 gallons per day 

per foot of weir length (gpd/ft). The total weir length during the summer months is approximately 332 ft. 

The existing clarifiers have adequate weir length to handle the current and 20-year peak flows if all four 

clarifiers are in operation. 
 

3. Identified Issues 

 The existing clarifiers are undersized and clarifier 1 and 2 do not meet the minimum Ten 

States Standard of 12 foot side water depth (SWD).

 Clarifier mechanisms have begun to exhibit surface corrosion.

 The treatment process lacks redundancy. All clarifiers need to be operational to hydraulically pass the 

design flows.

 The different tank geometries could lead to unbalanced flow splitting and decreased settling 

performance at peak flows.

 The current pump configuration limits the operator’s ability to waste sludge out of final clarifiers 3 and 

4.

 Table 18: RAS Pump Details 

Year Installed: 2012 

Equipment 
Manufacturer: 

Wemco 

Quantity: 4 

Design Conditions 

Flow: 

Head: 

RAS – 1,2 

140 gpm 

8 ft TDH 

RAS – 3,4 

185 gpm 

14 ft TDH 
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4. Recommendations 

Additional Secondary Clarifiers will be required to handle the 20-year projected design flows and improve 

flow splitting between the different sized clarifiers. Further details are provided in the Section V of this 

report. 
 

Winter Operation 
 

1. Process Description 

Final clarifier 2, located inside the control building, is the only clarifier than can be operated during the 

winter season. Final clarifier 1 has a metal cover to be used as a backup during the winter months, but it 

does not provide sufficient insulation and freezing is common. Details for Final clarifier 2 are provided in 

Table 18 and 19. 

 
 

Figure 14: Final Clarifier 2 (Winter Use) 

 
 
 

2. Capacity Evaluation 

Surface Overflow 
Final clarifier 2 has a surface area of 452 sf. The total rated capacity for the final clarifier process is 

therefore: 900 gpd/sf x 452 sf = 0.41 MGD. This is sufficient for current winter operation, but leaves the 

facility with no reliable alternative if Clarifier 2 needs to be taken out of service. The projected 20-year 

peak hour winter flow is equivalent to 1.73 MGD and max daily flow is 0.866 MGD. The existing clarifier 

used during the winter months does not have the capacity to handle the projected peak hour or max daily 

flows. 

 
Weir Loading 
The allowable peak hourly weir loading for plants sized at less than 1.0 MGD is 20,000 gallons per day 

per foot of weir length (gpd/ft). During the winter months, the total weir length is approximately 74 ft. The 

existing clarifier used has adequate weir length to handle both the current and 20-year peak flows. 

 
3. Identified Issues 

 There is no reliable redundancy for final clarifier 2.

 The mechanism for final clarifier 2 was installed in 1972 and is the oldest final clarifier at the plant. 

Since it is located inside a building, replacing the mechanism would involve removing and replacing 

the roof.

 The cover of final clarifier No.1 does not provide sufficient insulation and the tank is prone to freezing 

if it must be used during the winter months.

 Table 19: Final Clarifier 2 Scum Pump Details 

Scum Pump Design 

Type: 

Motor: 

 

Submersible 5 

Hp 
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4. Recommendations 

As part of the recommended WWTP expansion, the final clarification process for winter operation should 

be upgraded to provide new equipment and enhanced system redundancy. 

 

H. Disinfection System 
1. Process Description 

The WWTP utilizes a gas chlorination disinfection system to inactivate pathogenic organisms before 

discharging to Lake Huron. Clarified effluent from the final clarifiers flows over a weir into the chlorine 

contact tank, and gas chlorine is injected. Because of the hazardous nature of chlorine gas, a gas 

monitoring system is used in the chlorine room. Details of the chlorination system are provided in Table 

20. 
 

Figure 15: Gas Chlorination System 

 
 

2. Capacity Evaluation 

Ten States Standards recommends a dosage of 8 mg/L for activated sludge plants. For the current 

design flow of 0.96 MGD this equates to 65 lbs per day. The existing chlorinator module is rated at 500 

lbs per day maximum capacity; however, internal components such as the rotameter limit the system 

capacity to 100 lbs per day, which is adequate for the current flows. Upgrades would be required to 

accommodate the 20-year design flow. 
 

At peak hour flow, there should be a minimum detention time of 15 minutes. At the projected 20-year 

peak hour flow of 3.74 MGD, the detention time is less than 15 minutes. 
 

3. Identified Issues 

 Based on the 20-year design flows, there is not enough contact time to meet Ten States Standards.

 Transporting hazardous chlorine gas to the WWTP is a safety concern both on the Island and on the 

ferry to the Island.

 The plant experiences control issues with the chlorinator.

 The piping from the secondary treatment wet well to the oxidation towers runs through the chlorine 

contact tank. If this piping failed, raw primary effluent would be flowing into final effluent.

Table 20: Chlorination System 
Details 

Year Installed: 1971 

Chlorinator: 2013 

Chlorinator Size: 500 ppd 

Tank Dimensions  

Length: 33.5 ft 

Width: 13 ft 

Weir Height: 6.58 ft 

Weir Length: 3.0 ft 

Volume: 19,380 gal 
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4. Recommendations 

Alternate disinfection methods should be considered to provide sufficient contact time and increase 

operator control. Alternative disinfection methods such as UV disinfection eliminate the need to transport 

and store hazardous chlorine gas. Further details are provided in Section V of the report. 
 

I. Effluent Pump Station and Gravity Sewer 
1. Process Description 

Final effluent is pumped from the WWTP, to a 10-inch gravity sewer approximately 7,800 feet in length, to 
the discharge point, 500 feet into Lake Huron. Two centrifugal pumps are operated on variable frequency 
drives (VFDs) controlled by the effluent flow meter. The effluent flow meter receives a redundant signal 
from two ultrasonic level sensors, one on the chlorine contact weir and one on the effluent weir. 
Specifications for the final effluent pumps are provided in Table 21. 

2. Capacity Evaluation 

The final effluent pumps have the same capacity as the Secondary Pump Station, and therefore face 

similar capacity concerns. The current firm capacity of the pump stations is 1,600 gpm. Under peak flow 

conditions there is a potential for the Effluent Pump Station to be overloaded. The effluent pumps do not 

have sufficient capacity for the current or projected 20-year peak hour flows. 
 

The effluent forcemain is a 10” diameter pressure sewer. Under current peak flow conditions, the 

hydraulic grade line through the sewer is elevated such that overflows have occurred. Converting the 

effluent gravity sewer to a pressure sewer has been proposed to increase capacity. The maximum 

capacity of a 10” pressure sewer is 1,900 gpm (2.4 MGD) based on Ten States Standard maximum 

recommended velocity of 8 ft/s. This is sufficient for the maximum day flow, but provisions for ultimate 

design peak hour should be considered. 
 

3. Identified Issues 

 The small effluent wet well and rapid changes in flow make responding to and controlling pump 

discharge rates problematic.

 When there are power surges, the VFD will trip out and does not automatically restart. The fault 

must be manually cleared before the pumps can be restarted.

 Table 21: Final Effluent Pump Specifications 

Year Installed: 2013 

Equipment Manufacturer: Fairbanks Morse 

Type: Duplex, Non-clog 
centrifugal 

Quantity: 2 

Design Conditions  

Flow: 1,250 gpm 

Head: 56 ft TDH 

HP: 25 

Figure 16: Effluent Pumps 
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 The small wet well provides minimal storage capacity in the event of a mechanical or electrical fault in 

the pumps. If the wet well overflows it will flood the control building basement and could potentially 

damage a majority of the process equipment and electrical gear.

 The effluent discharge gravity sewer does not have the capacity to handle the summer peak flows.

 The effluent sewer is 50 years old and should be inspected to confirm its current condition and 

evaluate the need to for additional repairs or replacement.
 

4. Recommendations 

It is recommended that the final effluent pumps be replaced to match or exceed the capacity of the 

influent pump stations. 
 

A forcemain evaluation was completed by Fishbeck to address sanitary sewer overflows of the effluent 

sewer in April 2021. A max design condition of 2.5 MGD was used to evaluate the effluent sewer. 

Future recommended improvements to the effluent sewer include the installation of air/vacuum relief 

valves, modifying the open effluent sewer to an enclosed pressure sewer, and ultimately the replacement 

of the effluent sewer to provide a redundant effluent sewer and additional capacity. 
 

J. Chemical Feed System 
1. Process Description 

Ferric chloride is used at the WWTP to aid in phosphorous removal and the settling of solids. The ferric 

chloride system includes two fiberglass reinforced plastic (FRP) bulk storage tanks, each 800 gallons, 

one 300-gallon day tank, two transfer pumps, and one metering pump. Table 22 provides details for 

the ferric chloride system. 
 

Figure 17: Ferric Chloride System 

 

2. Identified Issues 

 The control system should be upgraded and integrated into the WWTP alarm system. There are no 

alarms if there are issues with the feed system.

 The chemical must be transported to the treatment plant by horse and dray.
 

3. Recommendations 

Along with future WWTP SCADA upgrades, a leak detection alarm should be provided. 

 Table 22: Ferric Chloride System Details 

Year Installed: 2012 

Type  

Transfer Pump 1: Peristaltic Hose 

Transfer Pump 2: Magnetic Drive 

Metering Pump: Positive Displacement 

Capacity  

Transfer Pump 1: 25 gpm @ 78 rpm 

Transfer Pump 2: 35 gpm @ 14 ft TDH 

Metering Pump: 10 gph @ 80 psi 
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K. Solids Treatment and Disposal 
1. Process Description 

Primary Sludge and Waste Activated Sludge (WAS) are pumped to the decant tanks. The decant tanks 

use gravity thickening to reduce the volume of sludge to be dewatered. The liquid that is drawn off the top 

of the decant tanks is pumped back to the winter headworks channel. Final solids processing and 

dewatering is primarily done during the summer months. During the winter months, most sludge is 

recycled as RAS or held in the decant tank throughout the winter. Any additional biosolids are sent to the 

biosolids storage tank. Details for the decant sludge tanks are provided in Table 23. 

 
 
 

Figure 18: Sludge Decant Tank 
 

 
One rotary lobe pump and two vertical centrifugal sludge transfer pumps are located in the basement of 

the Control Building. The sludge transfer pumps draw suction from the decant tanks and transfer waste 

sludge to the sludge dewatering screw press or biosolids storage tank. The rotary lobe pump is the 

primary sludge feed pump to the screw press. A fourth sludge transfer pump, a hose pump, is located in 

the Sludge Handling Room of the Process Service Building and serves as a backup sludge feed pump to 

the screw press. The centrifugal pumps are used to transfer sludge to the biosolids storage tank. Details 

for the sludge feed and transfer pumps are provided in Table 24 and Table 25. 

 Table 23: Decant Sludge Tank Details 

Year Installed  

Tank 1: 1971 

Tank 2: 1992 

Quantity: 2 

Dimensions 

Tank 1: 

Tank 2: 

 
16 ft x 19 ft 

8 ft x 38 ft 

Total Volume: 55,000 gal (27,500 
gal each) 
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Figure 19 and Figure 20: Sludge Feed 
Pumps 

 
 

Figure 21: Sludge Transfer Pump 
 

 
The biosolids storage tank is used as needed in the winter to provide additional sludge storage if Decant 

Tank 2 no longer has capacity. Both the decant tank and the storage tank are emptied during the summer 

season when the biosolids are processed. The biosolids are pumped out of the decant tank by the 

digested sludge pumps. Table 26 provides details for the sludge storage tank. 
 

Table 25: Sludge Transfer Pump 
Details 

Year Installed: 1994 

Manufacturer: ITT-AC 

Quantity: 2 

Motor: 5 Hp 

Table 26: Biosolids Storage Tank 
Details 

Year Installed: 1994 

Volume: 55,000 gal 

Dimensions: 25 ft diameter x 15 
ft SWD 

 
 
 
 
 
 
 
 
 

 
Figure 22: Biosolids Storage Tank 

Table 24: Sludge Feed Pump Details 

Year Installed: 2013 

Manufacturer 

Primary: 

Backup: 

 

Börger 

Verder 

Type 

Primary: 

Backup: 

 

Rotary Lobe 

Hose 

Capacity 

Primary: 

Backup: 

 
100 gpm @ 10 psi 

50 gpm @ 15 ft TDH 

Motor 

Primary: 

Backup: 

 
5 Hp 

7.5 Hp 
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Polymer is added to the sludge feed to condition the sludge and improve dewatering performance. The 

sludge and polymer are mechanically mixed in the flocculation tank upstream of the rotary screw press. 

Details of the polymer feed system are provided in Table 27. 
 

Figure 23: Polymer Feed Skid 

 

Sludge dewatering at the WWTP is accomplished by a spiral screw press system. The screw press 

system extracts water from the waste sludge to produce a drier, more biologically stable solid. Cake 

solids are transferred from the screw press out of the building by a screw conveyor to a covered wagon. 

The dewatered biosolids are transported to the Solid Waste Handling Facility, and ultimately transported 

off the island for landfill disposal. Table 28 and Table 29 provide details for the Screw Press System. 

 

 

 

Figure 24: Rotary Screw Press 

Table 28: Rotary Screw Press 
Details 

Year Installed: 2012 

Equipment Manufacturer: FKC 

Capacity: 670 dry 
tons/hr 

Motor: 5 Hp 

Table 27: Polymer Skid & Pump 

Year Installed: 2012 

Manufacturer 

Skid: 

Pump: 

 

Fluid Dynamics 

LMI 

Pump Type: Diaphragm 

Pump Capacity: 2.5 gph 
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Figure 25: Screw Conveyor 
 
 

 

2. Capacity Evaluation 

Screw Press 

The screw press has a processing capacity of 8 dry tons per 24 hours. The capacity exceeds the 20 year 

design. 

 
Sludge Storage 

The two decant tanks have a combined 55,000 gallon capacity and the biosolids storage tank has an 

additional 55,000 gallons. As plant flows and solids production increases over the 20-year design period, 

additional sludge storage may be required to allow for additional decant volume and increased 

operational flexibility of the screw press. 

 
3. Identified Issues 

 Some of the sludge piping is undersized and could be prone to plugging.

 Solids can only be processed and hauled off the Island in the summer months
 

4. Recommendations 

It is recommended that the WAS pumps and piping be upgraded to facilitate automatic wasting cycles, 

and increase operational flexibility. 
 

L. Recycle Flows – Summer/Winter 
1. Process Description 

Many processes throughout the treatment plant allow for recycle flow back to the head of the plant. These 

include: the aerated grit chamber, primary clarifiers, chlorine contact tank, final effluent wet well, pressate 

from sludge dewatering processes, and various floor drains. The drain wet well, located in the Process 

Service Building, collects the return water from the decant tank, biosolids handling, and drains. This 

wastewater is routed to either the basement sump or the primary clarifier influent. 

 Table 29: Screw Conveyor Details 

Year Installed: 2012 

Dimensions: 12-inch diameter x 9- 
inch pitch x 20-inch long 

Model: 30-degree incline screw 
conveyor 

Motor: 3 Hp 

Manufacturer: Austin Mac Inc. 

Capacity: 25 cf/hr @ 20% soilds 
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The basement sump is located in the basement of the control building. The sump is where the recycle 

flows are collected and are pumped by sump pumps back to the winter headworks channel. Table 30 

provides additional details for the basement sump pump. 

 
 

Figure 26: Basement Sump Pump 
 

 

2. Identified Issues 

 The basement pumps and cover have significant corrosion.

 If the sump pumps fail, the basement will flood.

 

3. Recommendations 

It is recommended that the sump pumps and cover be replaced in the 20 year planning period. 
 

M. Ancillary Equipment 
Electrical System 

1. Process Description 

The WWTP electrical system is fed by a single utility source. The main motor control center (MCC) for 

the plant was replaced in 2012 and is located in the Process building. The main MCC feeds additional 

MCCs in the summer headworks building and control building. 

 
2. Identified Issues 

 The MCCs in the Control Building have exceeded their expected useful life and should be replaced 

for future reliable use.

 Upon power failure, critical equipment fails to restart automatically. Operations staff must manually 

clear faults and restart equipment.

 
Standby Generator 

1. Process Description 

The WWTP has one 800 kW standby generator, which was installed in 2012 to provide electrical service 

should utility electrical power to the WWTP be interrupted. 

2. Identified Issues 

No issues with the existing generator have been identified. 

 Table 30: Sump Pump Details 

Year Installed: 1987 

Quantity: 2 

Design Conditions 

Flow: 

Head: 

 
120 gpm 

21 feet 

Motor: 2 Hp 
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3. Recommendations 

There are no recommended improvements at this time. The sizing of the existing generator should be 

confirmed through the detailed design of the WWTP expansion. 
 

SCADA System 

The WWTP currently uses a telephone dialer system to remotely monitor the facility. The dialer system 

provides limited capabilities for operators to monitor the WWTP operation and respond to alarms. It is 

recommended that a plant wide SCADA system be implemented as part of the WWTP expansion. The 

SCADA system would allow for remote process monitoring and detailed alarm information. 

 
N. Building Conditions 
The treatment plant contains five buildings: the Control Building, Headworks Building, Process Building, 

Storage Building and the Garage. 

1. Control Building 

The Control Building functions as the Lab and Administration Building on the main level, and the basement 

houses a majority of the process pumps and process equipment. The lab was redone in 2012 and remains 

in good condition. Generally, the rest of building has limited space and amenities for WWTP Staff. 

Renovations are recommended as part of any large-scale improvement project. 
 

2. Headworks Building 

The Headworks Building was constructed in 2012 and remains in good condition. Currently the small 

building houses the electrical gear for the screening and grit removal equipment. 
 

3. Process Building 

The Process Building was constructed in 2012 to house the biosolids handling process. The main electrical 

switch gear and MCC are also located in the process building 
 

4. Maintenance and Equipment Storage Building 

The existing Maintenance and Equipment Storage Buildings are utilized for spare parts storage and a shop 

for equipment maintenance. The buildings do not have sufficient space for secure indoor storage of 

equipment. Additional garage storage and workshop area should be considered as part of a large scale 

WWTP improvement project. 
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V. Analysis of Alternatives 
A. Identification of Potential Alternatives 
The evaluation in Section IV revealed that a majority of the unit processes at the WWTP are in need of 

significant improvements to accommodate the proposed WWTP expansion. The recommended 

improvements for certain unit processes had only one feasible alternative. However, alternatives for the 

biological treatment process were developed and evaluated based on their ability to meet the WWTP 

objectives while remaining within financial, regulatory, and technical constraints. 
 

Project objectives include: 

1. Provide facilities capable of delivering consistent reliable service and continued compliance with 

regulatory and permit requirements. 

2. Plan for future growth within the City and corresponding treatment capacity. 

3. Minimize operating costs through improved treatment methods. 

4. Rehabilitate/repair high priority areas of existing wastewater infrastructure. 

5. Minimize financial burden to the sewer system users. 

6. Minimize environmental impact during construction of the improvements project. 

7. Minimize environmental impact of WWTP operations and discharge. 

 

The alternatives are described in detail in the following subsections. Each alternative was initially screened 

based on effectiveness, ability to implement, and financial requirements. Feasible alternatives were then 

subjected to a comprehensive evaluation with attention to detailed economic, technical, environmental, and 

public concerns. A conceptual site plan for each principal alternative is included in Appendix E. 
 

B. Biological Treatment – Alternatives Evaluation 
Five alternatives were developed for biological treatment system. The alternatives are described in the 

following sections. 
 

1. Alternative 1 – No Action 

The “No-Action” Alternative is typically required to be evaluated by most funding agencies. No 

improvements would be implemented with this alternative. The “No Action” alternative would maintain 

current system operations. 
 

The issues with the current biological treatment process, including inoperable equipment, biological and 

hydraulic capacity issues, and structural defects in the oxidation towers would not be addressed. Aging 

equipment would continue to deteriorate until ultimate failure, which could result in compliance problems 

in the future. 
 

Leaving these problems unaddressed poses a serious risk of process failure and potential sanitary sewer 

overflows. 
 

There is a cost associated with the “No Action” alternative, although it is difficult to quantify that cost 

currently. 
 

The “No Action” alternative does not meet the project objectives and will not be evaluated further as a 

principal alternative. 
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2. Alternative 2 – Expansion with Upgrades to the Existing Facilities 

Alternative 2 includes rehabilitating and expanding the existing biological treatment system. 
 

Repairing the existing oxidation towers and expanding the aeration basins will not improve the hydraulics 

throughout of the current system. The WWTP will continue to be hydraulically overloaded and frequent 

bypasses will be necessary. 
 

The existing oxidation towers require the use of the secondary pump station which has historically been a 

reliability concern due to its small size and location within the facility. The compact footprint of the existing 

facility leaves no room for the feasible expansion of the secondary pump station or oxidation towers and 

aeration basins. Additionally, the seasonal odors generated by the oxidation towers would continue. 
 

Without the oxidation towers, a significant expansion of the existing aeration basins would be required to 

convert the plant to a conventional activated sludge plant. Additionally, the current hydraulic profile does 

not allow for influent to flow by gravity from the primary clarifiers to the aeration basins. 
 

The control building basement that houses the mechanical equipment and process piping has undergone 

many renovations in the past and there is minimal space available for additional equipment. 
 

Alternative 2 does not meet the primary project objective and will not be evaluated further as a principal 

alternative. 

3. Alternative 3 – Expansion with Moving Bed Bioreactors (MBBRs) 

Alternative 3 includes the addition of a Moving Bed Bioreactor (MBBR) biological treatment system. A 

MBBR would consists of four concrete aerated basins, partially filled with plastic carrier media, typically 

below 50% of the total tank volume in the beginning of the MBBR operation, though the total media 

volume can be increased to accommodate higher flows/loadings from population growth or new 

commercial and industrial users. The carrier media provides a surface for the formation of biofilms, or 

bacterial “colonies” that treat the wastewater similar to bacteria found in Conventional Activated Sludge 

systems. 
 

Advantages 

The primary advantage of Alternative 3 is that the MBBR system can accomplish a high degree of 

treatment in a reduced footprint, and the secondary pump station could be eliminated. Given that this 

approach will utilize attached growth processes, it is also resilient to shock loading and variable influent 

rates observed on the Island. 

 
Another significant advantage of the MBBR process is that RAS is not required, eliminating the need for 

RAS pumping. Due to the nature of biologic growth in MBBR systems, all of the bacteria needed for 

treatment are sustained on the carrier media, and do not need to be replenished by return sludge. This 

provides significant OM&R savings, as well as capital costs for the eventual replacement of the RAS 

pumps. 
 

The biofilm growth process also promotes the formation of large floc, due to the way in which biomass 

sloughing occurs. With proper coagulation and flocculation, sloughed biomass readily settles within the 

final clarifiers. All biomass collected at the bottom of the clarifiers can be wasted, requiring regular use of 

WAS pumps only. 
 

Further advantages offered by an MBBR system are that MBBRs are generally well suited for preventing 

excessive filamentous bacterial growth, given the nature of biomass growth on the carrier media and the 

system’s relative buffering capabilities, further improving settling. Attached growth process may also 
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develop advanced microbial communities, as they generally can support a greater concentration of higher 

order life forms, typically found in sludge with a higher solids retention time (SRT). These organisms can 

further oxidize biomass grown on the media, providing a marginal decrease in realized sludge yield. As a 

result, the volume of sludge wasted should be less than or equal to current volumes, improving overall 

sludge storage needs. 
 

A MBBR system also provides the most flexibility for future expansion. Should future population growth 

exceed current projections, additional media could be added to the existing tanks to increase the process 

capacity. This flexibility would allow the process to be designed to handle the current design flow and 

loading initially and allow for expansion as flows increase by simply adding media to the reactors. As the 

maximum media capacity is reached within the existing tanks, an additional MBBR train could be added 

to provide further treatment capacity. 
 

Regarding ease of operation, a MBBR system provides the most “hands off” operational approach of the 

alternatives discussed herein, largely due to the lack of recycle flows. It also provides the opportunity for 

zone isolation for routine maintenance. Scheduled maintenance should be planned for seasonal low flow 

periods to minimize process disturbance. 

 
Disadvantages 

MBBRs are not typically designed to provide complete biological nutrient removal (BNR). The BNR 

process is designed to remove CBOD5, ammonia (NH3-N), as well as total nitrogen, and phosphorus 

below permit limits without the addition of chemicals. This MBBR system would not provide biological 

phosphorus removal or denitrification. Phosphorus removal will continue to be achieved with chemical 

precipitation of phosphorus. 

 
Implementation 

The proposed MBBR system involves the construction of an influent flow control structure, two reactors 

with two basins in each reactor. During the summer season, the reactors will operate in series, with one 

reactor as the lead and the other as the lag. These reactors will be alternated throughout the season to 

promote equal biofilm growth. During the winter season, the primary clarifiers would be bypassed and the 

reactors will operate in parallel to provide a continuous food supply to the micro-organisms in each 

reactor to preserve biomass growth during periods of low flow. Bypass piping and gates would be 

provided to allow for tank isolation and maintenance. Effluent from the MBBR system would be distributed 

to the final clarifiers through a new splitter box. 

 
A site plan showing the proposed layout for Alternative 3 – Expansion with MBBR can be found in 

Appendix E. 
 

4. Alternative 4 – Expansion with Oxidation Ditches 

Alternative 4 includes replacing the existing biological treatment system with an Oxidation Ditch. 

Oxidation ditches utilize a modified activated sludge process that allows for long solids retention times. 

Typical oxidation ditch treatment systems consist of a large ring or oval shaped concrete tank with 

multichannel configuration. Horizontally mounted aerators provide circulation, oxygen transfer, and 

aeration in the ditch. The mixing process entrains oxygen into the mixed liquor to foster microbial growth 

and the circular velocity ensures contact of microorganisms with the incoming wastewater. The aeration 

sharply increases the dissolved oxygen (DO) concentration, but decreases as biomass uptake oxygen as 

the mixed liquor travels through the ditch. Solids are maintained in suspension as the mixed liquor 

circulates around the ditch. 
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Advantages 

The primary advantage of Alternative 4 is that the process has significant turndown capacity. Individual 

rings can be shut down during periods of low flow to conserve energy. Also, due to the large tank volume, 

the oxidation ditch has a long hydraulic retention time and complete mixing helps minimize the impact of 

a shock load or hydraulic surge. 

 
If design solids retention times (SRTs) are selected for nitrification, a high degree of nitrification is 

possible. Oxidation ditch effluent is usually settled in a separate secondary clarifier. An anaerobic tank 

could be added prior to the ditch to enhance biological phosphorus removal and limit the amount of 

chemical used. 
 

Disadvantages 

Oxidation ditches require recycle flow from the final clarifiers, similar to an activated sludge process. New 

RAS pumps, piping, valves, and controls would be required to operate the system. The oxidation ditch 

also requires additional operator input and control of recycle flows to adjust for variable influent loading. 

Oxidation ditches require significantly larger tank volumes compared to other biological processes. The 

additional earthwork and concrete costs could significantly add to the capital costs of the project based on 

the unique project location and soil types. 
 

Future expansion of the oxidation ditch treatment system is more complex and typically requires the 

construction of additional tank volume and mechanical equipment. 

Implementation 

Alternative 4 includes constructing a new oxidation ditch for biological treatment to meet the 20-year 

design flows and loadings. The preliminary oxidation ditch process design includes three “rings” or 

process channels operating in series during the summer months. Similar to Alternative 3, the primary 

clarifiers would be bypassed in the winter months and only one oxidation channel would be required to 

accomplish the winter treatment objectives. Disc aerators would be utilized to provide the necessary 

oxygen and mixing. Effluent from the oxidation ditch will discharge to the final clarifiers. New RAS pumps, 

piping, valves, and controls would also be included with this alternative. 

 

A site plan showing the proposed layout for Alternative 4 – Expansion with Oxidation Ditches can be 

found in Appendix E. 
 

5. Alternative 5 – Expansion with Membrane Bioreactors (MBRs) 

Alternative 5 involves expanding the facility using Membrane Bioreactors (MBRs) downstream of 

conventional aerated treatment basins. MBRs have the advantage of combining a suspended growth 

biological reactor with solids removal via filtration. Membrane filtration involves the flow of water 

containing pollutants across a membrane. Water permeates through the membrane into a separate 

channel for recovery. The water passing through the membrane is called the permeate, while the water 

with the more-concentrated materials is called the concentrate or retentate. The requirement is that the 

membranes prevent passage of particles the size of microorganisms, or about 1 micron, so that they 

remain in the system. This means that MBR systems are good for removing solid material, but the 

removal of dissolved wastewater components must be facilitated by using additional treatment steps. 
 

The membrane filtration system in effect replaces the secondary clarifiers in a typical activated sludge 

treatment system. Membrane filtration allows a higher biomass concentration to be maintained, thereby 

allowing smaller bioreactors to be used. With the use of MBRs, a smaller opening fine screen is required 

for primary treatment to protect the hollow fiber membrane system. 
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Primary clarification and aeration basins are still required to treat the biological loading to the WWTP. 

The requirements used are similar to the aeration tank capacities needed for a conventional activated 

sludge plant. The existing tanks do not have sufficient capacity to provide the necessary aeration so 

additional tanks would need to be added. 
 

Sludge from the MBR process is either returned to the aeration tanks as RAS or wasted from the process, 

just like in a conventional active sludge system. 

The MBR system will require new pumps, blowers, solids handling equipment, and control system. 

Advantages 

The membranes can be designed for operation in small spaces and provide high removal efficiency of 

contaminants such as nitrogen, phosphorus, bacteria, biochemical oxygen demand, and total suspended 

solids. 

 
The primary advantage of Alternative 5 is that MBRs tend to have higher quality effluent than other 

biological treatment systems, and the land requirement for future expansion would be less than the other 

alternatives discussed. With the use of MBRs, the existing final clarifiers could be eliminated. 

 
Disadvantages 

The primary disadvantage of MBR systems is the higher capital and operating costs than conventional 

systems for the same throughput. O&M costs include chemical membrane cleaning and fouling control, 

and eventual membrane replacement. Energy costs are also higher because of the need for air scouring 

to control bacterial growth on the membranes. 

 
Implementation 

A new micro screen would be installed in the proposed headworks building, additional biological 

treatment volume would be added downstream of the proposed primary clarifiers and a new MBR 

process building would be constructed. The MBR would need to be located indoors in a climate-controlled 

environment to prevent freezing during the winter months. 
 

The conceptual preliminary design of the MBR system includes 4 trains for summer operation. Only 1 

train would be required during the winter months. 
 

A site plan showing the proposed layout for Alternative 5 – Expansion with MBR can be found in 

Appendix E. 
 

C. Wastewater Treatment Plant Expansion 
Each alternative discussed above includes the construction of an equalization basin, new headworks 

facility, new primary clarifiers, a biological treatment system, UV disinfection, a Storage Garage, and 

Control Building improvements. Alternative 3 and 4 also include improvements to the final clarifiers. The 

existing solids handling process and dewatering system for biosolids disposal would remain. 
 

To provide for the expanded WWTP capacity, the following improvements are recommended: 
 

1. Equalization 

The proposed WWTP expansion would be designed to accommodate the projected peak hour from the 

current lift stations. However, the limiting factor for the WWTP would be the effluent sewer. Utilizing the 

existing 250,000 gallon aeration basins as an Equalization Basin could reduce the peak hour demands of 

the effluent pump station. 
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Depending on the level of I/I removal that can be achieved, the equalization basin may need to be 

expanded in the future as the service area grows. 
 

2. Headworks 

The existing configuration of separate winter and summer headworks is not capable of handling the future 

design flow rates. To address the current hydraulic challenges with the winter headworks and 

accommodate the WWTP expansion, it is recommended that a new headworks building be constructed. 
 

The new building would be climate controlled and suitable for year-round use. The building would be 

designed in accordance with NFPA-820 guidelines, and the HVAC system design could be designed to 

accommodate the addition of a future odor control system. 
 

Two screening channels would be constructed, to allow for a redundant influent screen in the event of 

mechanical failure or blockage of the primary unit. The existing summer mechanical screen will be 

relocated to the bypass channel and a new mechanical screen will be installed to handle the peak flow 

rates. Alternative 5 requires slightly larger channels and two microscreens to protect the membrane 

bioreactors 
 

Influent screening would be followed by a vortex grit removal system, similar to the current summer 

headworks technology. It is possible that a portion of the existing summer headworks grit removal 

equipment could be relocated to the new headworks building for re-use. 
 

The existing winter headworks would be abandoned, and the summer headworks could be repurposed as 

a septage receiving station. 
 

3. Septage Receiving Station 

A severe duty screen with rock trap would be installed at the existing summer headworks to effectively 

handle the heavy debris and solids associated with septage hauling. A dedicated septage flow meter 

would be provided to allow for enhanced monitoring of the septage loading to the WWTP. 
 

4. Primary Clarifiers 

It is not feasible to expand the existing primary clarifiers to meet the projected needs of the WWTP. In 

addition to the deficiencies identified in Section IV, the primary clarifiers cannot flow by gravity to the 

aeration basins if the secondary pump station and oxidation towers are abandoned as discussed below. 
 

It is recommended that existing primary clarifiers be replaced with three new rectangular primary clarifiers 

and a primary flow splitter. Rectangular clarifiers allow for a reduced footprint using shared wall 

construction, and three units provide the necessary redundancy. The proposed configuration allows for 

simple expansion in the future. New primary sludge pumps, piping, and valves would also be included. 
 

5. Final Clarifiers 

In order to address the deficiencies identified with the existing final clarifiers it is recommended that the 

clarifiers be replaced. Three new 45-ft diameter clarifiers would be designed and constructed in 

accordance with Ten States Standards recommended parameters for side water depth, surface overflow 

rate and solids loading rate. Two of the clarifiers would be provided with covers to allow for winter 

operation. 
 

New sludge piping and waste pumps would be provided to improve clarifier wasting and control. 
 

Due to the filtering capabilities of MBRs, secondary clarifiers would not be necessary with Alternative 5. 
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6. Disinfection System 

The existing chlorine contact chamber is undersized for the projected flows and expansion is not feasible 

within the existing footprint. Additionally, the transportation of chlorine gas to the WWTP is a safety 

hazard. It is recommended that an a Ultraviolet (UV) disinfection system be installed to provide reliable 

disinfection, reduce chemical usage, and improve overall site safety. 
 

7. Effluent Pump Station Modifications 

To address the capacity and hydraulic issues with the effluent pump station the following improvements 

are recommended: installation of air/vacuum relief valves and replacement of WWTP effluent pumps. 
 

8. Plant Automation 

Along with the WWTP upgrades discussed above, a Supervisory Control and Data Acquisition (SCADA) 

system is recommended. A WWTP SCADA system would provide operators with a real-time status of 

each plant operation including alarm status, and remote monitoring and control. 
 

9. Storage & Control Building Improvements 

The WWTP currently has a small storage building and workshop. The space is not adequate for the 

needs of the plant. Construction of a larger facility (approximately 5,000 sf)  would allow for additional 

storage of spare parts and vehicles as well as a climate-controlled area for maintenance. 
 

The existing control building could also be renovated to provide amenities for operations staff such as a 

locker room and dedicated break room. 
 

10. Influent and Effluent Forcemain 

During the original construction of the WWTP a 12” influent forcemain and 10” effluent sewer were placed 

in the same trench from Biddle Point up to the WWTP. Both pipes are approximately 50 years old and 

approaching their maximum capacity. 
 

To address the immediate overflow concerns with the effluent sewer, it is recommended that the open 

gravity sewer be converted to a closed pressure sewer and air/vacuum relief valves be installed. 

It is recommended that planning for the replacement of both forcemains be considered in the long term 

capital improvements plan. 
 

D. Analysis of Principal Alternatives 
Three principal alternatives were identified that met the project objectives. These alternatives were 

analyzed further as summarized in the following sections. 

 
1. Alternative 3 – Expansion with MBBR 

2. Alternative 4 – Expansion with Oxidation Ditches 

3. Alternative 5 – Expansion with MBRs 

 
 

1. Monetary Evaluation 

 
The monetary evaluation includes a present worth analysis for the three principal alternatives. The analysis 

does not identify the source of funds but compares cost uniformly for each alternative over the 20-year 

planning period. The present worth is the sum which, if invested now at a given interest rate, would provide 

the funds required to pay projected costs over the 20-year planning period. The total present worth, used 

to compare the alternatives, is the sum of the initial capital cost, plus the present worth of Operation, 
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Table 31: Summary of Present Worth Cost Analysis 

Alternative 
Cost 

OM&R 
 Cost  

Net Present 
Worth of 

OM&R Cost 
Value 

Net Present 
Worth 

Note: This table represents budgetary estimates for planning purposes. Further definition of the scope of the projects through 
preliminary and final design will provide details necessary to improve the accuracy of the cost estimates. 

 

 
 

Maintenance, and Replacement (OM&R) costs, minus the present worth of the salvage value at the end of 

the 20-year planning period. 

 
The salvage value is calculated at the end of 20 years where portions of the project structures or equipment 

may have a salvage value, which is determined by using straight-line depreciation. EGLE guidance 

documents establish the estimated life for the project structures and equipment to assess salvage values at 

the 20-year planning period. In general, concrete structures, earthwork basins, and piping have useful lives 

of 30-50 years and equipment has a useful life of 10-20 years. 

The cost of labor, equipment and materials are not escalated over the 20-year life since it is assumed that 

any increase in these costs will apply equally to all alternatives. The interest charge during construction 

(capitalized interest) would not significantly influence the comparison of alternatives and was not included 

in the cost-effectiveness analysis. 

To ensure uniformity of the cost comparisons, the following cost comparison details were specifically 

addressed and were applied in the present worth analysis as per the EGLE guidance. 

 Capital costs were included for all identified improvements. 

 Sunk costs were excluded from the present worth cost. Sunk costs for the project include existing 

land, existing waterworks facilities, and outstanding bond indebtedness. 

 Operation, Maintenance, and Replacement, (OM&R) costs were included in the present worth cost. 

The operation costs were compared relative to treating the design flow and loading over the 20-

year planning period assuming a 60/40 split between summer and winter operation. 

 The economic comparison is based on a 20-year planning period and a discount rate of 1.5%, per 

EGLE/EPA guidance for FY2021. 

 Salvage values were included in the present worth cost. 

 Energy cost escalation was assumed equal between the alternatives and therefore was not 

adjusted over the 20-year period. 

 
A detailed breakdown of all identified project costs is included in Appendix F for each alternative. Table 31 

compares the costs for the principal alternatives. 

 
 
 
 
  

   

Alternative 3 - WWTP Expansion 
with MBBR 

$27,110,000 $180,000 $3,090,000 $3,990,000 $26,210,000 

Alternative 4 - WWTP Expansion 
with Oxidation Ditches 

$29,820,000 $220,000 $3,780,000 $4,510,000 $29,090,000 

Alternative 5 - WWTP Expansion 
Membrane Bioreactor (MBR) 

$28,870,000 $350,000 $6,010,000 $3,420,000 $31,460,000 

 
 
 
 
 

 

As shown in the table above, Alternative 3 has the lowest capital costs and O&M cost over the planning 

period resulting in the lowest net present worth. The financial analysis in conjunction with the technical 

advantages of the treatment system make Alternative 3 the recommended alternative. 



City of Mackinac Island | WWTP Master Plan 2022 | January 2022 

40 847240 Wastewater Master Plan 

 

 

 

VI. Recommendations 
A. Recommended WWTP Expansion 
The following section outlines the recommended WWTP Expansion Plan identified in previous sections. 

The total project cost and proposed year of implementation are included in Table 32 below. The project 

costs were estimated based on 2021 construction costs and are inflated at an annual rate of 3% to the 

anticipated year of implementation. 
 

Table 32: Proposed WWTP Expansion w/ MBBR 
Opinion of Probable Costs 

 
 

Project 

 

Anticipated 
Year of 

Replacement 

 

 
Project Budget 
(2021 Dollars) 

 

 
Budget Project 

Year (2023 
Dollars) 

General Construction Costs 2023   

Contractors General Conditions OH&P  $2,720,000 $2,890,000 

Site Development  $300,000 $320,000 

Site Utilities  $330,000 $350,000 

Demolish Existing Facilities  $800,000 $850,000 

WWTP Process Equipment and Structures 2023   

Headworks  $1,600,000 $1,700,000 

Equalization  $520,000 $550,000 

Septage Receiving  $610,000 $650,000 

Primary Clarifiers  $1,740,000 $1,850,000 

MBBR Equipment  $3,770,000 $4,000,000 

Final Clarifiers  $5,180,000 $5,500,000 

Disinfection  $1,164,000 $1,230,000 

Effluent Pump Station Modifications  $470,000 $500,000 

Electrical, Controls, and SCADA 2023   

Plant Automation  $250,000 $270,000 

Motor Control Centers/Electrical Gear  $250,000 $270,000 

Building Improvements 2023   

Control Building Renovation  $650,000 $690,000 

Storage Garage  $500,000 $530,000 

    

  Subtotal 
Construction $22,150,000 

    

 Engineering & Administration: $4,430,000 
  Contingency: $2,220,000 
    

  Estimated Project 
Total $28,800,000 
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B. Project Financing 
Available options for funding this project include municipal bonds, USDA Rural Development, and the 

Clean Water State Revolving Fund (SRF). A municipal financial advisor should be consulted to determine 

the best source of funding for the project. 
 

Issuing municipal bonds is one option to finance wastewater system projects. The municipal bond rate is 

dependent on the loan term and the Authority’s credit rating. Financing the project with municipal bonds 

does not put restrictions on project schedule, project delivery methods, or bidding requirements. 

However, the interest rate may be higher than funding with the SRF program. 
 

Financing through the SRF program is another option. The SRF program is a federal-state partnership 

that provides communities a permanent, independent source of low-cost financing for a wide range of 

water quality infrastructure projects. The current interest rate for SRF loans is 1.875% for 20-year loans 

in fiscal year 2022. Financing the project through the SRF program requires a project plan to be 

completed to qualify for funding. The Master Plan can be used as a basis for the project plan. The SRF 

program requires following a quarterly schedule for design and bidding of projects and limits project 

delivery methods. The SRF program also requires compliance with Davis-Bacon prevailing wage rates 

for labor and compliance with American Iron and Steel requirements which may increase construction 

costs. 
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Appendix B



Figure B-1



Figure B-2



Figure B-3



Figure B-4
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Figure C-1
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Figure A-7: Mackinac Island Estimated Ultimate Population Breakdown

Acre sf Acre sf 

R-1 Low Denisty Residential State Park 1,646.0              71,699,760         100% 1,646.0   71,699,760   0 DU/ac 2.5 ppl/DU -                     0%

R-1 Low Denisty Residential Residential 189.2                 8,241,552           100% 189.2      8,241,552      3 DU/ac 2.5 ppl/DU 1,419               30% 425              

R-3 High Density Residential Residential 25.7                    1,119,492           60% 15.4        671,695         20 DU/ac 2.5 ppl/DU 771                  30% 231              

Boarding House 25.7                    1,119,492           40% 10.3        447,797         500 sf/person 895                  0% -                 

R-4 Harrisonville Residential 51.0                    2,221,560           60% 30.6        1,332,936      10 DU/ac 2.5 ppl/DU 765                  30% 229              

Boarding House 51.0                    2,221,560           40% 20.4        888,624         500 sf/person 1,777               0 -                 

R-4 Mission Point PUD Residential 13.8                    601,128               40% 5.5           240,451         10 DU/ac 2.5 ppl/DU 138                  30% 41                

Boarding House 13.8                    601,128               60% 8.3           360,677         500 sf/person 721                  0 -                 

HB Hotel/Boarding Residential 71.8                    3,127,608           10% 7.2           312,761         20 DU/ac 2.5 ppl/DU 359                  30% 107              

Boarding House 71.8                    3,127,608           30% 21.5        938,282         300 sf/person 3,127               0 -                 

Hotel 71.8                    3,127,608           60% 43.1        1,876,565      60 BR/ac 2 ppl/BR 5,169               0 -                 

C Commercial Residential 26.3                    1,145,628           33% 8.7           378,057         30 DU/ac 2.5 ppl/DU 650                  30% 195              

Boarding House 26.3                    1,145,628           33% 8.7           378,057         250 sf/person 1,512               0 -                 

Hotel 26.3                    1,145,628           33% 8.7           378,057         230 sf/room 2 ppl/rm 3,992               0 -                 

MD Market Residential 14.4                    627,264               60% 8.6           376,358         7 DU/ac 2.5 ppl/DU 151                  30% 45                

Boarding House 14.4                    627,264               30% 4.3           188,179         500 sf/person 376                  0 -                 

Hotel 14.4                    627,264               10% 1.4           62,726           450 sf/room 2 ppl/rm 1,296               0 -                 

CD Cottage Residential 154.1                 6,712,596           100% 154.1      6,712,596      1 DU/ac 2.5 ppl/DU 385                  30% 115              

ROS Recreational/Open Space N/A 102.5                 4,464,900           100% 102.5      4,464,900      0 0 -              

RS Shoreline Residential Residential 87.8                    3,824,568           100% 87.8        3,824,568      4 DU/ac 2.5 ppl/DU 878                  30% 267              

Total: 2,416.0              Total: 24,381            1,655          

Year-round residents 1,655          

Seasonal Residents 3,861          

Hotel/lodging guests 10,457        

Seasonal Employees 8,408          

Ultimate Population Breakdown

Ultimate 

Summer 

Population

% 

Year round

Maximum Density

Zoning District Allowable Land  Use

Area % 

Allocation

Area

Ultimate 

Winter 

Population
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Figure A-7: Mackinac Island Estimated Ultimate Population Breakdown

R-1 Low Denisty Residential State Park -                     0% 35% -                     0 -                    55% -                    0% -                    

R-1 Low Denisty Residential Residential 1,419               30% 425              35% 501                  25% 127                 55% 780                 25% 198                 

R-3 High Density Residential Residential 771                  30% 231              35% 272                  25% 69                   55% 424                 25% 108                 

Boarding House 895                  0% -                 35% 313                  0% -                    55% 492                 0% -                    

R-4 Harrisonville Residential 765                  30% 229              35% 270                  25% 68                   100% 765                 25% 195                 

Boarding House 1,777               0 -                 35% 622                  0% -                    80% 1,422             0 -                    

R-4 Mission Point PUD Residential 138                  30% 41                35% 49                     25% 12                   55% 76                   25% 20                   

Boarding House 721                  0 -                 35% 252                  0% -                    55% 397                 0 -                    

HB Hotel/Boarding Residential 359                  30% 107              35% 126                  25% 32                   55% 197                 25% 50                   

Boarding House 3,127               0 -                 35% 1,094               0% -                    55% 1,720             0 -                    

Hotel 5,169               0 -                 35% 1,809               0% -                    55% 2,843             0 -                    

C Commercial Residential 650                  30% 195              35% 229                  25% 58                   55% 359                 25% 91                   

Boarding House 1,512               0 -                 35% 529                  0% -                    55% 832                 0 -                    

Hotel 3,992               0 -                 35% 1,397               0% -                    55% 2,196             0 -                    

MD Market Residential 151                  30% 45                35% 53                     25% 13                   55% 83                   25% 21                   

Boarding House 376                  0 -                 35% 132                  0% -                    55% 208                 0 -                    

Hotel 1,296               0 -                 35% 454                  0% -                    55% 712                 0 -                    

CD Cottage Residential 385                  30% 115              35% 136                  25% 34                   55% 213                 25% 55                   

ROS Recreational/Open Space N/A 0 -              35% -                     0% -                    55% -                    0 -                    

RS Shoreline Residential Residential 878                  30% 267              35% 307                  25% 78                   55% 483                 25% 122                 

Total: 24,381            1,655          Total: 8,546               Total: 492                 Total: 14,200           Total: 860                 

Year-round residents 1,655          Year-round residents 492                 Year-round residents 860                 

Seasonal Residents 3,861          Seasonal Residents 1,451             Seasonal Residents 2,520             

Hotel/lodging guests 10,457        Hotel/lodging guests 3,660             Hotel/lodging guests 5,750             

Seasonal Employees 8,408          Seasonal Employees 2,943             Seasonal Employees 5,070             

Ultimate Population Current Population Design Population

% of Ultimate Development

Design 
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Year round
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Ultimate 

Winter 
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Appendix D



City of Mackinac Island WWTP

Asset Inventory

Asset Capacity/Size Summer Winter Location Year installed Condition

Summer Headworks Building x Summer Headworks Building 2012 good

Automatic Screen 2.2 MGD x Summer Headworks Building 2013 good

Vortex Grit System 2.2 MGD x Summer Headworks Building 2013 good

Grit Pump 22 gpm @ 27 ft TDH, 4x4 inch x Summer Headworks Building 2013 good

Cyclone Separator 225 gpm @ 5.75 psi x Summer Headworks Building 2013 good

Grit Washer 14 cft/hr x Summer Headworks Building 2013 good

Mag Meter 10" x Upstream Summer Headworks 2013 good

Septage Receiving x Summer Headworks Building 2012 good

Automatic Screen Controls x Summer Headworks Building 2012 good

Grit CP x Summer Headworks Building 2012 good

MCC-CA x Summer Headworks Building 2012 good

MCC-CB Summer Headworks Building 2012 good

Mechanical Screen 1.13 MGD x Control Building - East Upper 2013 fair

Grit Washer Control Building - East Upper 1992 very poor

Aerated Grit Unit 6' x 6' x 9'9" SWD Control Building - East Upper 1992 very poor

Parshall Flume 6" Width, 24" Depth x x Control Building - East Upper 1992 very poor

EQ Tank 24'x17'x1' x x Control Building - East Upper 1987 very poor

Aerated Grit Chamber Blower x Control Building - East Upper 1992 very poor

Primary Clarifier 1 - Tank 24' diam x 11'-8" (8' SWD) x South Yard 1971 fair

Primary Clarifier 2 - Tank 24' diam x 11'-8" (8' SWD) x South Yard 1971 fair

Rapid Mix Chamber 1 600 gal x South Yard 1971 fair

Rapid Mix Chamber 2 600 gal x South Yard 1971 fair

Primary Clarifier Mechanism 1 24' Diam x Primary Clarifier 2012 fair

Primary Clarifier Mechanism 2 24' Diam x Primary Clarifier 2012 fair

Primary Clarifier 1 Weir/Baffles x Primary Clarifier 2012 fair

Primary Clarifier 2 Weir/Baffles x Primary Clarifier 2012 fair

Primary Clarifier 1 Scum Trough/Tank x Primary Clarifier 1971 fair

Primary Clarifier 2 Scum Trough/Tank x Primary Clarifier 1971 fair

Primary Clarifier Splitter Box x Primary Clarifier 1971 fair

Headworks

Primary Clarifiers



City of Mackinac Island WWTP

Asset Inventory

Asset Capacity/Size Summer Winter Location Year installed Condition

Secondary Treatment Pump 1 30 hp, 1250 gpm @ 64' TDH x Control Building Basement 2013 good

Secondary Treatment Pump 2 30 hp, 1250 gpm @ 64' TDH x Control Building Basement 2013 good

Secondary Pump Electrical Gear x Control Building - Break Room 2012 poor

Secondary Treatment Wet Well 8' x 3'4" x 10' x Control Building Basement 1971 poor

Oxidation Tower 1 - West 20' Dia x 21.5' Media Depth x East Yard 1971 very poor

Oxidation Tower 2 - East 20' Dia x 21.5' Media Depth x East Yard 1987 very poor

Oxidation Tower 1 Media 7200 cft x East Yard 1973 unknown

Oxidation Tower 2 Media 7200 cft x East Yard 1986 unknown

Oxidation Tower 1 Rotary Distributor x East Yard 2012 unknown

Oxidation Tower 2 Rotary Distributor x East Yard 2012 unknown

Aeration Tank 1 45'x19'x12' SWD x x South Yard 1971 fair

Aeration Tank 2 28'x19'x12' SWD x x South Yard 1971 fair

Aeration Tank 3 38'x19'x12' SWD x South Yard 1992 fair

Aeration Tank 4 38'x19'x12' SWD x South Yard 1992 fair

Secondary Treatment Blower 1 40 hp, 736 cfm @5.75 psi x x Control Building Basement 1971 poor

Secondary Treatment Blower 2 40 hp, 736 cfm @5.75 psi x Control Building Basement 1971 poor

Secondary Treatment Blower 3 50 hp x Control Building Basement 2000 poor

Aeration Tank 1 Diffusers Coarse Bubble x x Aeration Tank 1 1992 poor

Aeration Tank 2 Diffusers Coarse Bubble x x Aeration Tank 2 1992 poor

Aeration Tank 3 Diffusers Coarse Bubble x Aeration Tank 3 1992 poor

Aeration Tank 4 Diffusers Coarse Bubble x Aeration Tank 4 1992 poor

Oxidation Towers

Aeration



City of Mackinac Island WWTP

Asset Inventory

Asset Capacity/Size Summer Winter Location Year installed Condition

Clarifier Cover Final Clarifier 1 2012 poor

Final Clarifier 1 24' dia x 8' SWD x North Yard 1971 poor

Final Clarifier 2 24' dia x 8' SWD x x North Yard 1971 poor

Final Clarifier 3 30' dia x 12' SWD x North Yard 1992 fair

Final Clarifier 4 30' dia x 12' SWD x North Yard 1992 fair

Final Clarifier 1 Mechanism 24' diameter x Final Clarifier 1 2012 good

Final Clarifier 2 Mechanism 24' diameter x x Final Clarifier 2 1971 very poor

Final Clarifier 3 Mechanism 30' diameter x Final Clarifier 3 1994 poor

Final Clarifier 4 Mechanism 30' diameter x Final Clarifier 4 1994 poor

Final Clarifier 1 Weir/Baffles x Final Clarifier 1 2012 good

Final Clarifier 2 Weir/Baffles x x Final Clarifier 2 1971 poor

Final Clarifier 3 Weir/Baffles x Final Clarifier 3 1994 fair

Final Clarifier 4 Weir/Baffles x Final Clarifier 4 1994 fair

Final Clarifier Splitter Box x x 1994 fair

Final Clarifier 1 Rapid Mix Chamber 600 gal x 1971 fair

Final Clarifier 2 Rapid Mix Chamber 600 gal x x 1971 fair

Final Clarifier 3 Rapid Mix Chamber 1400 gal x 1994 fair

Final Clarifier 4 Rapid Mix Chamber 1400 gal x 1994 fair

Gas Monitoring System x x Control Building - Chlorine Room 2012 good

Chlorinator 70 lbs/day x x 2013 good

Chlorine Contact Tank 33' x 13' x 6.58' (19380 gal) x x 1971 poor

Effluent Pump 1 25 hp, 1250 gpm @ 56' TDH x x Control Building - Basement 2013 good

Effluent Pump 2 26 hp, 1250 gpm @ 56' TDH x x Control Building - Basement 2013 good

Effluent Pump CP x x Control Building - Break Room 2013 good

Effluent Flow Meter 1 x x Chlorine Contact Tank (influent weir) 2013 good

Effluent Flow Meter 2 x x Chlorine Contact Tank (effluent weir) 2013 good

Effluent Composite Sampler x x Effluent Piping good

Final Clarifiers

Disinfection

Effluent



City of Mackinac Island WWTP

Asset Inventory

Asset Capacity/Size Summer Winter Location Year installed Condition

Rotary Screw Press 5 HP, 37 gpm x Process Service Building 2012 good

Screw Conveyor 5 HP, 12" dia x Process Service Building 2012 good

Sludge Press Control Panel x Process Service Building 2012 good

Belt Filter Press Process Service Building 1982 poor

Flocculation Tank 38" diameter x 94" x Process Service Building 2012 good

Flocculator x Process Service Building 2012 good

Polymer Metering Pump 1 x Process Service Building 2012 good

Polymer Metering Pump 2 x Process Service Building 2012 good

Polymer Blending System 2.5 gph x Process Service Building 2012 good

Rotary LobeSludge Feed Pump 1 100 gpm @ 23 ft TDH x Control Building Basement 2013 good

Hose Sludge Feed Pump 2 50 gpm @ 15 ft TDH x Process Service Building 2013 good

Sludge Transfer Pump 5 HP x Control Building Basement 1994 poor

Vactor Truck Process Service Building good

RAS Pump 1 140 gpm @ 8 ft TDH x x Control Building Basement 2012 fair

RAS Pump 2 140 gpm @ 8 ft TDH x x Control Building Basement 2012 fair

RAS Pump 3 185 gpm @ 14 ft TDH x x Control Building Basement 2012 fair

RAS Pump 4 185 gpm @ 14 ft TDH x x Control Building Basement 2012 fair

Primary Sludge Pump 1 150 gpm @ 67 ft TDH x Control Building Basement 1971 poor

Primary Sludge Pump 2 150 gpm @ 67 ft TDH x Control Building Basement 2007 poor

Biosolids Storage Tank 25' dia x 15' x West Yard 1994 poor

Digested Sludge Pump 1 5 HP x Control Building Basement 1994 fair

Digested Sludge Pump 2 5 HP x Control Building Basement 1994 fair

Decant Sludge Tank 1 16' x 19' x 12' SWD x East Yard 1971 poor

Decant Sludge Tank 2 8' x 38' x 12' SWD x x East Yard 1992 fair

Solids Handling



City of Mackinac Island WWTP

Asset Inventory

Asset Capacity/Size Summer Winter Location Year installed Condition

Ferric Bulk Tank 5' diameter x 6' - 800 gal x x Process Service Building 2012 good

Ferric Bulk Tank 5' diameter x 6' - 800 gal x x Process Service Building 2012 good

Ferric Day Tank 3' diameter x 6' - 300 gal x x Process Service Building 2012 good

Transfer Pump 1 3 HP x x Process Service Building 2012 good

Transfer Pump 2 0.5 HP x x Process Service Building 2012 good

Chemical Metering Pump .25 HP Process Service Building 2012 good

Chemical Metering Pump .25 HP Process Service Building 2012 good

Chemical Metering Pump 10 gph @ 80 psi x x Process Service Building 2019 good

Return Pump 1 1 HP x x Process Service Building 2013 good

Return Pump 2 1 HP x x Process Service Building 2013 good

MCC-A x x Process Service Building 2012 good

MCC-B x x Process Service Building 2012 good

Control Bldg. MCC A x x Control Building Main Level 1971 poor

Control Bldg. MCC B x x Control Building Main Level 1971 poor

Generator - diesel 800 kW x x 2012 good

Laboratory x x Control Building 2012 good

Sump Pump 1 2 HP x x Control Building Basement 1987 poor

Sump Pump 2 2 HP x x Control Building Basement 1987 poor

Sump x x Control Building Basement 1971 poor

Sludge Drain PS

Electrical

Support

Ferric Room
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Client: City of Mackinac Island

Project Mackinac Island WWTP Master Plan

Project No. 847240

Date: December-21

Estimated Total

Item Item Description Unit Qty Unit Price Cost

General Construction Costs $4,150,000

1 Contractors General Conditions and OH&P LS 1 $2,720,000 $2,720,000

2 Site Development (clearing, grading, driveway, and parking) LS 1 $300,000 $300,000

3 Site Piping/Utilities (well, water, sanitary, and process) LS 1 $330,000 $330,000

4 Demolish Existing Facilities LS 1 $800,000 $800,000

WWTP Process Equipment and Structures $15,054,000

1 Headworks LS 1 $1,600,000 $1,600,000

2 Equalization LS 1 $520,000 $520,000

3 Septage Receiving LS 1 $610,000 $610,000

4 Primary Clarifiers LS 1 $1,740,000 $1,740,000

5 Biological Treatment - MBBR LS 1 $3,770,000 $3,770,000

6 Final Clarifiers LS 1 $5,180,000 $5,180,000

7 Disinfection LS 1 $1,164,000 $1,164,000

8 Effluent Pump Station Modifications LS 1 $470,000 $470,000

Electrical/Controls/SCADA $500,000

1 Plant Automation LS 1 $250,000 $250,000

2 Motor Control Centers/Electrical Gear LS 1 $250,000 $250,000

Building Improvements $1,150,000

1 Control Building Renovation LS 1 $650,000 $650,000

2 Storage Garage LS 1 $500,000 $500,000

Subtotal, Construction: $20,854,000

Engineering, Administration & Legal Engineering, Administration & Legal: $4,170,000

Contingency Contingency: $2,090,000

Total  Estimated Project Cost 2021 Dollars: $27,110,000

 Engineer's Opinion of Probable Cost 
Mackinac Island WWTP Master Plan

Alternative 3 -  WWTP Expansion w/ MBBR 

Notes:

This estimate represents a budgetary cost estimate to be used for planning purposes.  Further definition of the scope of the project through preliminary and final design will 

provide details necessary to improve the accuracy of conceptual estimates.



Client: City of Mackinac Island

Project Mackinac Island WWTP Master Plan

Project No. 847240

Date: December-21

Estimated Total

Item Item Description Unit Qty Unit Price Cost

General Construction Costs $4,420,000

1 Contractors General Conditions and OH&P LS 1 $2,990,000 $2,990,000

2 Site Development (clearing, grading, drainage, driveway, and parking) LS 1 $300,000 $300,000

3 Site Piping/Utilities (well, water, sanitary, and process) LS 1 $330,000 $330,000

4 Demolish Existing Facilities LS 1 $800,000 $800,000

Equipment $16,844,000

1 Headworks LS 1 $1,600,000 $1,600,000

2 Equalization LS 1 $520,000 $520,000

3 Septage Receiving LS 1 $610,000 $610,000

4 Primary Clarifiers LS 1 $1,740,000 $1,740,000

5 Biological Treatment - Oxidation Ditch LS 1 $4,940,000 $4,940,000

6 Final Clarifiers LS 1 $5,800,000 $5,800,000

7 Disinfection LS 1 $1,164,000 $1,164,000

8 Effluent Pump Station Modifications LS 1 $470,000 $470,000

Electrical/Controls/SCADA $530,000

1 Plant Automation LS 1 $280,000 $280,000

2 Motor Control Centers/Electrical Gear LS 1 $250,000 $250,000

Building Improvements $1,150,000

1 Control Building Renovation LS 1 $650,000 $650,000

2 Storage Garage LS 1 $500,000 $500,000

Subtotal, Construction: $22,944,000

Engineering, Administration & Legal Engineering, Administration & Legal: $4,590,000

Contingency Contingency: $2,290,000

Total  Estimated Project Cost 2021 Dollars: $29,820,000

 Engineer's Opinion of Probable Cost 
Mackinac Island WWTP Master Plan

Alternative 4 - WWTP Expansion w/ Oxidation Ditch

Notes:

This estimate represents a budgetary cost estimate to be used for planning purposes.  Further definition of the scope of the project through preliminary and final design 

will provide details necessary to improve the accuracy of conceptual estimates.



Client: City of Mackinac Island

Project Mackinac Island WWTP Master Plan

Project No. 847240

Date: December-21

Estimated Total

Item Item Description Unit Qty Unit Price Cost

General Construction Costs $4,506,000

1 Contractors General Conditions and OH&P LS 1 $2,900,000 $2,900,000

2 Site Development (clearing, grading, drainage, driveway, and parking) LS 1 $476,000 $476,000

3 Site Piping/Utilities (well, water, sanitary, and process) LS 1 $330,000 $330,000

4 Demolish Existing Facilities LS 1 $800,000 $800,000

Equipment $15,974,000

1 Headworks LS 1 $2,130,000 $2,130,000

2 Equalization LS 1 $520,000 $520,000

3 Septage Receiving LS 1 $610,000 $610,000

4 Primary Clarifiers LS 1 $1,740,000 $1,740,000

5 Biological Treatment and MBR LS 1 $9,340,000 $9,340,000

6 Disinfection LS 1 $1,164,000 $1,164,000

7 Effluent Pump Station Modifications LS 1 $470,000 $470,000

Electrical/Controls/SCADA $575,000

1 Plant Automation LS 1 $300,000 $300,000

2 Motor Control Centers/Electrical Gear LS 1 $275,000 $275,000

Building Improvements $1,150,000

1 Control Building Renovation LS 1 $650,000 $650,000

2 Storage Garage LS 1 $500,000 $500,000

Subtotal, Construction: $22,205,000

Engineering, Administration & Legal Engineering, Administration & Legal: $4,440,000

Contingency Contingency: $2,220,000

Total  Estimated Project Cost 2021 Dollars: $28,870,000

 Engineer's Opinion of Probable Cost 
Mackinac Island WWTP Master Plan

Alternative 5 - WWTP Expansion w/ MBR

Notes:

This estimate represents a budgetary cost estimate to be used for planning purposes.  Further definition of the scope of the project through preliminary and final design 

will provide details necessary to improve the accuracy of conceptual estimates.



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Building

1 Clearing and Grubbing ac 1.5 $15,000 23,000$             

2 Site Prep and Grading ac 1.5 $20,000 30,000$             

3  Driveway within WWTP fence SFT 5000 15$                    75,000$             

4 Sidewalk LS 1800 10$                    18,000$             

5 Chainlink Fence, 6 ft LF 2000 30$                    60,000$             

6 Site Restoration ac 1 10,000$             10,000$             

7 Entrance Gate LS 1 25,000$             25,000$             

8 Silt Fence LS 1 20,000$             20,000$             

9 Undeveloped Details 15% 39,000$             39,000$             

Sub-Total: 300,000$           

10 Contingency 10% 30,000$             

11 Engineering, Legal, & Administration 60,000$             

Total Project Cost: 390,000$           

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Site Development



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Building

1 Water Supply lines LS 1 50,000$             50,000$             

2 Building Drains - sanitary plumbing LS 1 80,000$             80,000$             

3 Storm sewer drain structures LS 1 75,000$             75,000$             

4 Site Lighting LS 1 80,000$             80,000$             

5 Undeveloped Details 15% 43,000$             43,000$             

Sub-Total: 330,000$           

6 Contingency 10% 33,000$             

7 Engineering, Legal, & Administration 66,000$             

Total Project Cost: 430,000$           

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Site Utilities



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Building

1 Insulated Precast Wall Panels (by Exterior SFt) SFT 2400 $80 192,000$           

2 Precast Roof Panels SFT 1600 55$                    88,000$             

3 Roof System SFT 1600 25$                    40,000$             

4 Concrete CYD 165 1,200$               199,000$           

5 Excavation CYD 420 18$                    8,000$               

6 Backfill CYD 300 15$                    5,000$               

5 Coating Systems - walls, floor, pipe and valves LS 1 80,000$             80,000$             

6 Gas Detection System LS 1 25,000$             25,000$             

7 Doors LS 1 20,000$             20,000$             

8 Grating LS 1 20,000$             20,000$             

9 Misc. Metals LS 1 20,000$             20,000$             

10 HVAC LS 1 100,000$           100,000$           

-$                  

Process Equipment -$                  

11 Mechanical Screen LS 1 117,000$           117,000$           

12 Redundant Mechanical Screen install LS 1 15,000$             15,000$             

13 Grit System - Vortex Grit, Grit Pump, Classifier LS 1 235,000$           235,000$           

14 Parsall Flume and Transducer LS 1 15,000$             15,000$             

15 Stop Plates EA 8 5,000$               40,000$             

16 Process Piping & Valves LS 1 80,000$             80,000$             

17 Electrical and Controls LS 1 166,000$           166,000$           

18 Equipment Installation 134,000$           134,000$           

19 Undeveloped Details 15% 240,000$           240,000$           

Sub-Total: 1,600,000$        

19 Contingency 160,000$           

20 Engineering, Legal, & Administration 320,000$           

Total Project Cost: 2,080,000$        

Notes:

(1)

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Headworks - MBBR/Ditch

This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Building

1 Insulated Precast Wall Panels (by Exterior SFt) SFT 2400 80$                    192,000$           

2 Precast Roof Panels SFT 1600 55$                    88,000$             

3 Roof System SFT 1600 25$                    40,000$             

4 Concrete CYD 165 1,200$               199,000$           

5 Excavation CYD 420 18$                    8,000$               

6 Backfill CYD 300 15$                    5,000$               

7 Coating Systems - walls, floor, pipe and valves LS 1 80,000$             80,000$             

8 Gas Detection System LS 1 25,000$             25,000$             

9 Doors LS 1 20,000$             20,000$             

10 Grating LS 1 20,000$             20,000$             

11 Misc. Metals LS 1 20,000$             20,000$             

12 HVAC LS 1 100,000$           100,000$           

Process Equipment

13 Fine Screen x2 - MBR LS 1 286,000$           286,000$           

14 Grit System - Vortex Grit, Grit Pump, Classifier LS 1 235,000$           235,000$           

15 Parsall Flume and Transducer LS 1 15,000$             15,000$             

16 Stop Plates EA 8 5,000$               40,000$             

17 Process Piping & Valves LS 1 80,000$             80,000$             

18 Electrical and Controls LS 1 197,000$           197,000$           

19 Equipment Installation 35% 202,000$           202,000$           

20 Undeveloped Details 15% 278,000$           278,000$           

Sub-Total: 2,130,000$        

20 Contingency 10% 213,000$           

21 Engineering & Administration 426,000$           

Total Project Cost: 2,770,000$        

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Headworks - MBR



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Septage Receiving Station

1 Septage Receiving Screening Equipment EA 1 296,000$           296,000$           

2 Yard Piping and valves LF 200 200$                  40,000$             

3 Ex Headworks Modifications - submersible pump station LS 1 60,000$             60,000$             

4 Electrical LS 1 40,000$             40,000$             

5 Equipment Installation 104,000$           104,000$           

6 Undeveloped Details 15% 65,000$             65,000$             

Sub-Total: 610,000$           

7 Contingency 10% 61,000$             

8 Engineering, Legal, & Administration 122,000$           

Total Project Cost: 800,000$           

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project 

through preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Septage Receiving Station



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Influent Equalization

1 Existing Aeration Tank Modifications LS 1 50,000$             50,000$             

2 Site Piping LS 1 100,000$           100,000$           

3 EQ Pump Station LS 1 200,000$           200,000$           

4 Electrical LS 1 40,000$             40,000$             

5 Equipment Installation 70,000$             70,000$             

6 Undeveloped Details 15% 59,000$             59,000$             

Sub-Total: 520,000$           

7 Contingency 52,000$             

8 Engineering, Legal, & Administration 104,000$           

Total Project Cost: 680,000$           

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work:  Equalization Basin



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Primary Clarifiers 

1 Concrete CYD 250 1,200$               300,000$           

2 Excavation CYD 1520 18$                    27,000$             

3 Backfill CYD 720 15$                    11,000$             

4 Influent Splitter Box LS 1 75,000$             75,000$             

5 Handrail LF 250 90$                    23,000$             

6 FRP Covers LS 1 100,000$           100,000$           

7 Primary Clarifier Equipment EA 3 110,000$           330,000$           

8 Stop Plates EA 4 8,000$               32,000$             

9 Weirs and Baffles LS 1 60,000$             60,000$             

10 Valves EA 10 10,000$             100,000$           

11 18" Influent, bypass, effluent piping LF 175 300$                  53,000$             

12 6" Sludge Piping LF 400 250$                  100,000$           

13 Primary Sludge Pumps EA 2 25,000$             50,000$             

14 Electrical/Controls LS 1 76,000$             76,000$             

15 Equipment Installation 200,000$           200,000$           

16 Undeveloped Details 15% 201,000$           201,000$           

Sub-Total: 1,740,000$        

17 Contingency 10% 174,000$           

18 Engineering, Legal, & Administration 348,000$           

Total Project Cost: 2,270,000$        

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Primary Clarifiers



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Process Building

1 Insulated Precast Wall Panels (by Exterior SFt) SFT 1440 80$                   115,000$          

2 Precast Roof Panels SFT 800 55$                   44,000$            

3 Roof System SFT 800 25$                   20,000$            

4 Concrete CYD 150 1,200$              180,000$          

5 Excavation CYD 260 18$                   5,000$              

6 Backfill CYD 110 15$                   2,000$              

7 Coating Systems - walls, floor, pipe and valves LS 1 40,000$            40,000$            

8 Doors LS 1 10,000$            10,000$            

9 Misc. Metals LS 1 20,000$            20,000$            

10 HVAC LS 1 20,000$            20,000$            

MBBR

11 Concrete CYD 350 1,200$              420,000$          

12 Excavation CYD 1190 18$                   21,000$            

13 Backfill CYD 320 15$                   5,000$              

14 Influent  Piping LF 40 300$                 12,000$            

15 Influent Flow Channel LS 1 50,000$            50,000$            

16 Air Piping Piping LS 1 100,000$          100,000$          

17 Process Valves LS 1 100,000$          100,000$          

18 MBBR Process Equipment LS 1 1,320,000$       1,320,000$       

Blowers

Media

Aeration Grids

Knife Diffuser Assemblies

Controls

Wedgewire Screens

19 Slide Gates LS 4 25,000$            100,000$          

20 Electrical LS 1 291,000$          291,000$          

21 Equipment Installation 462,000$          462,000$          

22 Undeveloped Details 15% 431,000$          431,000$          

Sub-Total: 3,770,000$       

23 Contingency 377,000$          

24 Engineering, Legal, & Administration 754,000$          

Total Project Cost: 4,910,000$       

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 
preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: MBBR Treatment Process



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Process Building

1 Insulated Precast Wall Panels (by Exterior SFt) SFT 1440 80$                    115,000$           

2 Precast Roof Panels SFT 800 55$                    44,000$             

3 Roof System SFT 800 25$                    20,000$             

4 Concrete CYD 150 1,200$               180,000$           

5 Excavation CYD 260 18$                    5,000$               

6 Backfill CYD 110 15$                    2,000$               

7 Coating Systems - walls, floor, pipe and valves LS 1 40,000$             40,000$             

8 Doors LS 1 10,000$             10,000$             

9 Misc. Metals LS 1 20,000$             20,000$             

10 HVAC LS 1 20,000$             20,000$             

Oxidation  Ditch

11 Concrete CYD 1150 1,200$               1,380,000$        

12 Excavation CYD 7650 18$                    138,000$           

13 Backfill CYD 1530 15$                    23,000$             

14 Oxidation Ditch Equipment LS 1 600,000$           600,000$           

3-75 HP drives and motors

3-30 HP drives and motors

177-66" discs

9 shafts

18 shaft bearings

3 shaft couplings

12 automatic bearing lubricators

9 flat weatherhood assemblies

15 Smart BNR Lite LS 1 600,000$           600,000$           

16 VFDs EA 6 20,000$             120,000$           

17 Influent  Piping LF 80 300$                  24,000$             

18 Gates EA 6 35,000$             210,000$           

19 Handrail LF 500 90$                    45,000$             

21 Electrical and Controls LS 1 $291,000 291,000$           

20 Equipment Installation 462,000$           462,000$           

22 Undeveloped Design Details 15% 583,000$           583,000$           

Sub-Total: $4,940,000

23 Contingency 10% $500,000

24 Engineering, Legal, & Administration 990,000$           

Total Project Cost: $6,500,000

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Oxidation Ditches



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Building/MBR Tank

1 Insulated Precast Wall Panels (by Exterior SFt) SFT 3600 $80 288,000$          

2 Precast Roof Panels SFT 1800 55$                   99,000$            

3 Roof System SFT 1800 25$                   45,000$            

4 Concrete CYD 320 1,200$              384,000$          

5 Excavation CYD 2700 18$                   49,000$            

6 Backfill CYD 1269 15$                   19,000$            

7 Coating Systems - walls, floor, pipe and valves LS 1 75,000$            75,000$            

8 Doors LS 1 20,000$            20,000$            

9 Misc. Metals LS 1 20,000$            20,000$            

10 HVAC LS 1 80,000$            80,000$            

Aeration Tanks

11 Concrete CYD 918 1,200$              1,101,000$       

12 Excavation CYD 4500 18$                   81,000$            

13 Backfill CYD 1700 15$                   26,000$            

14 Aeration Blowers EA 3 150,000$          450,000$          

15 Aeration Diffusers LS 1 300,000$          300,000$          

16 Process Piping LF 1 200,000$          200,000$          

17 Process Valves EA 1 150,000$          150,000$          

18 Gates EA 6 35,000$            210,000$          

19 VFDs EA 3 20,000$            60,000$            

20 Electrical and Controls LS 1 102,000$          102,000$          

MBR

21 MBR Package LS 1 2,275,000$       2,275,000$       

22 Gates EA 8 35,000$            280,000$          

23 Process Piping LS 1 350,000$          350,000$          

24 Valves LS 1 200,000$          200,000$          

25 Recirc Flow Control Structures LS 1 100,000$          100,000$          

26 Electrical and Controls LS 1 234,000$          234,000$          

26 Equipment Installation 1,059,000$       1,059,000$       

27 Undeveloped Design Details 15% 1,080,000$       1,080,000$       

Sub-Total: 9,340,000$       

28 Contingency 934,000$          

29 Engineering, Legal, & Administration 1,868,000$       

Total Project Cost: 12,150,000$     

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: MBR Treatment Process



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Final Clarifiers - New

1 Flow Splitting Structure LS 1 50,000$             50,000$             

2 Final Clarifier Tank LS 3 808,000$           2,424,000$        

3 PRVs EA 12 1,500$               18,000$             

4 Clarifier Mechanism and Bridge EA 3 150,000$           450,000$           

5 Clarifier Covers EA 2 250,000$           500,000$           

6 Isolation Gates EA 3 10,000$             30,000$             

7 Influent and Effluent Piping LF 300 300$                  90,000$             

8 8-in Drain Piping LS 300 150$                  45,000$             

9 Sludge and Scum Piping LS 700 200$                  140,000$           

10 WAS Pumps EA 2 30,000$             60,000$             

11 Process Piping LS 1 100,000$           100,000$           

12 Process Valves LS 1 50,000$             50,000$             

13 Weirs and Baffles LF 424 200$                  85,000$             

14 Handrail LF 424 90$                    38,000$             

15 Electrical and Controls LS 1 $102,000 102,000$           

16 Equipment Installation $364,000

17 Undeveloped Details 15% 627,000$           

Sub-Total: $5,180,000

18 Contingency 10% $520,000

19 Engineering, Legal, & Administration 1,040,000$        

Total Project Cost: $6,800,000

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Final Clarifiers - MBBR



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Final Clarifiers - New

1 Flow Splitting Structure LS 1 50,000$             50,000$             

2 Final Clarifier Tank LS 3 808,000$           2,424,000$        

3 PRVs EA 12 1,500$               18,000$             

4 Clarifier Mechanism and Bridge EA 3 150,000$           450,000$           

5 Clarifier Covers EA 2 250,000$           500,000$           

6 Isolation Gates EA 3 10,000$             30,000$             

7 Influent and Effluent Piping LF 600 300$                  180,000$           

8 8-in Drain Piping LF 450 150$                  68,000$             

9 Sludge and Scum Piping LS 1200 200$                  240,000$           

10 RAS Piping LS 400 200$                  80,000$             

11 WAS Pumps EA 2 30,000$             60,000$             

12 RAS Pumps EA 2 30,000$             60,000$             

13 Process Piping LS 1 150,000$           150,000$           

14 Process Valves LS 1 100,000$           100,000$           

15 Weirs and Baffles LF 424 120$                  51,000$             

16 Handrail LF 424 90$                    38,000$             

17 Electrical and Controls LS 1 114,000$           114,000$           

18 Equipment Installation $490,000

19 Undeveloped Details 15% 692,000$           

Sub-Total: $5,800,000

20 Contingency 10% $580,000

21 Engineering & Administration 1,160,000$        

Total Project Cost: $7,600,000

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Final Clarifiers - Oxidation Ditch



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

UV Disinfection

1 Concrete Channels LS 1 100,000$           100,000$           

2 UV System Equipment LS 1 250,000$           250,000$           

3 UV System Building SF 900 325$                  293,000$           

4 Grating and Covers SF 150 100$                  15,000$             

5 Painting LS 1 20,000$             20,000$             

6 Mechanical / HVAC LS 1 30,000$             30,000$             

7 Site Piping LS 1 100,000$           100,000$           

8 Electrical and Controls LS 1 115,000$           115,000$           

9 Equipment Installation 103,000$           $103,000

10 Undeveloped details 15% 138,000$           $138,000

Sub-Total: $1,164,000

11 Contingency 10% $117,000

12 Engineering & Administration $233,000

Total Project Cost: $1,514,000

Notes:

(1)

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: UV Disinfection

This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Effluent Pump Station

1 Pumps EA 2 65,000$             130,000$           

2 Chlorine Contact / Effluent Wet Well mods LS 1 50,000$             50,000$             

3 Effluent Sewer Modifications LS 1 150,000$           150,000$           

4 Electrical and Controls LS 1 33,000$             33,000$             

5 Equipment Installation 46,000$             

6 Undeveloped Design Details 15% 54,000$             

Sub-Total: 470,000$           

7 Contingency 10% 47,000$             

8 Engineering & Administration 94,000$             

Total Project Cost: 620,000$           

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Effluent Pump Station



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Control Building Remodel

1 Demolition LS 1 50,000$             50,000$             

2 Renovate ex. Building SF 1200 200$                  240,000$           

3 HVAC LS 1 50,000$             50,000$             

4 Electrical LS 1 50,000$             50,000$             

5 Plumbing LS 1 50,000$             50,000$             

6 Painting LS 1 80,000$             80,000$             

7 Undeveloped Design Details 25% 130,000$           

650,000$           

8 Contingency 10% 65,000$             

9 Engineering & Administration 130,000$           

Total Project Cost: 980,000$           

Notes:

(1) This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Control Building Remodel



Project No. 847240

Basis for Estimate:  [ X ] Conceptual   [   ]  Basis of Design   [   ] Final Estimator: SFH

Date: Dec-21

Item Description Unit Qty. Unit Price Amount

Storage Facility

1 Building and doors LS 1 250,000$           250,000$           

2 Concrete LS 1 60,000$             60,000$             

3 Plumbing LS 1 10,000$             10,000$             

4 Mechanical LS 1 20,000$             20,000$             

5 Electrical LS 1 15,000$             15,000$             

6 Fire supression LS 1 20,000$             20,000$             

7 Earthwork LS 1 20,000$             20,000$             

8 Undeveloped Design Details 25% 99,000$             

Sub-Total: 500,000$           

9 Contingency 10% 50,000$             

10 Engineering & Administration 100,000$           

Total Project Cost: 650,000$           

Notes:

(1)

Engineer's Opinion of Probable Project Cost 
(1)

Project: Mackinac Island WWTP Master Plan

Work: Storage Facility

This estimate represents a budgetary cost estimate to be used for planning purposes. Further definition of the scope of the project through 

preliminary and final design will provide details necessary to improve the accuracy of conceptual estimates.
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CITY OF
MACKINAC 
ISLAND WWTP 
MASTER PLAN

City of Mackinac Island
January 18, 2022

YOUR TEAM

Brian Rowley, PE
Traverse City Regional 

Manager

David Harvey, PE
Project Manager

Scott Hall, PE
Project Engineer
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AGENDA

 Introduction / Purpose of 
Master Plan

 Background and Planning

 WWTP Evaluation

 Recommended 
Improvements 

 Project Costs

 Funding

 Next Steps

 Questions

INTRODUCTION/PURPOSE

 Evaluate Existing WWTP 
Facilities
» Age, Condition, Capacity and 

Performance, Operation, 
Reliability

 Develop 20-year Wastewater 
Flow and Loading Projections

 Identify Short-Term and Long-
Term Needs

 Provide Recommendations for 
Improvements
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BACKGROUND

 The City’s wastewater 
collection system is comprised 
of over 4 miles of gravity sewer, 
5 Pump stations, and 
approximately 7 miles of 
forcemain.

 The WWTP was originally 
constructed in 1970, with 
expansions/upgrades in 
1982,1992, and 2012.
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POPULATION PROJECTIONS

Approach

 Master Plan Zoning 
Districts

 Allowable Density

 Estimated 
Development

*Resource 2018 Master Plan

Current*

Summer Winter

Island Residents 1,943 492

Hotel/Lodging Guests 3,006

Seasonal Employees 4,000

Total Residential 

Population
8,949 492

Day Trip Tourists 7,740 0

Total Design Population 16,689 492

POPULATION PROJECTIONS

*Resource 2018 Master Plan

Current* 20-year 100% Development

Summer Winter Summer Winter Summer Winter

Island Residents 1,943 492 3,380 860 5,520 1,655

Hotel/Lodging Guests 3,006 5,750 10,460

Seasonal Employees 4,000 5,070 8,420

Total Residential 

Population
8,949 492 14,200 860 24,400 1,655

Day Trip Tourists 7,740 0 12,800 0 17,100 0

Total Population 16,689 492 27,000 860 41,500 1,655
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CURRENT WASTEWATER FLOWS

*NPDES Permit Rated flow capacity: 0.96 MGD

Existing Basis 

of Design 

(Summer)

2017 - 2021

(Summer)

Existing 

Basis of 

Design

(Winter)

2017 - 2020

(Winter)

Average Daily 

Flow (MGD) 0.54 0.61 0.13 0.10

Maximum 

Flow (MGD) 0.96 0.99 0.52 0.40

CURRENT WASTEWATER FLOWS

9
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DESIGN WASTEWATER FLOWS

 Overnight 
Tourists/Residents 
usage: 80 
gallons/person/day

 Tourist Usage (1/3 of 
Residential): 26.7 
gallons/person/day

Summer

(Max Month)
Winter

Overnight Tourist/ 

Resident Population
14,200 860

Tourist Population 12,800 0

Hydraulic Loading

Summer                               Winter

Overnight Tourist/ 

Resident Usage (gpd)
1,136,000 68,000

Tourist Usage (gpd) 342,000 0

Groundwater Infiltration 

(gpd)
60,000 60,000

25-year 24-hour design 

storm I/I flows
750,000 750,000

Max Month Avg. Daily Flow 

(gpd)
1,538,000 128,000

Maximum Daily Flow (gpd) 2,288,000 878,000

Peak Hour Flow (gpm)3 2,600 1,200

POPULATION PROJECTIONS

Existing Basis of Design*
2017 – 2021 maximum 

day

Current Summer Max 

Month Average
Current Winter Average

Concentration

(mg/L)

Loading

(lb/d)

Concentration

(mg/L)

Loading

(lb/d)

Concentration

(mg/L)

Loading

(lb/d)

Concentration

(mg/L)

Loading

(lb/d)

BOD5 750 6,003 755 4,471 633 3,500 82 67

Suspended Solids 650 5,202 588 3,544 335 1,867 64 51

NH3-N 30 240 - - - - - -

Phosphorus (Total 

P)
6.2 50 9.28 38.4 4.6 24 3.27 2.65

Design Nutrient Loading 

Concentration

(mg/L)

Loading

(lb/d)
BOD5 750 9,600

Suspended Solids 650 8,300

NH3-N 30 385

Phosphorus (Total P) 6.2 80

11
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PERMITTING

 Preliminary Meeting w/ EGLE February 18, 2021

 >1.0 MGD Capacity

 Updated NPDES Permit required
» Major vs Minor Facility
» Annual fee increases from $1,950 to $5,500.
» Increased annual sampling requirements for metals, VOCs, and 

PFAS.
» There is a possibility for a stricter mercury limit.
» A Stormwater Pollution Prevention Plan (SWPPP) may be 

required.
» Operator license (Class C) requirements are not expected to 

change. 

 Part 41 Construction Permit

WASTEWATER TREATMENT PLANT 
EVALUATION

13
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SUMMARY OF EXISTING WWTP 
EVALUATION

In general, the condition 
of the WWTP was fair to 
poor

 Limited Capacity

 Aging infrastructure

 Limited footprint for 
Expansion

 Code  Compliance

Typical “lifespan” reflects 
components:

 Pumps – 10-15yrs

 Treatment Equip – 15-20yrs

 Controls – 10-15yrs

 Structures – 50+yrs 
(concrete)

 Pipe/Valves – 25-50yrs

EXISTING FACILITIES

15
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EXISTING FACILITIES

EXISTING FACILITIES
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EXISTING FACILITIES

EXISTING FACILITIES
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EXISTING FACILITIES

ALTERNATIVES EVALUATION

 Developed alternatives to address 
project needs.

 Each alternative reviewed for:
» Operational and Design Flexibility
» Technical and Financial Feasibility
» Net Present Worth Evaluation

21
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ALTERNATIVES CONSIDERED

1. No Action
» No changes to existing facility
» Capacity and mechanical 

concerns continue

2. Improve Existing Facility
» Maintain current operation 

and treatment technology
» Expand existing processes

3. Moving Bed Bioreactor - MBBR

4. Oxidation Ditch

5. Membrane Bioreactor - MBR

RECOMMENDED IMPROVEMENTS

 Headworks

 Primary Clarifiers

 Biological Treatment

 Final Clarifiers

 Disinfection

 Biosolids Handling

 Influent/Effluent Forcemains

23
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RECOMMENDED ALTERNATIVE - MBBR

HEADWORKS

 New headworks sized 
for projected flows

 Indoor facilities to be 
used year round

 Design in accordance 
with NFPA 820

25
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SEPTAGE RECEIVING

*Stock photo of JWC septage receiving station

PRIMARY CLARIFIERS
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MBBR

FINAL CLARIFICATION
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UV DISINFECTION

STORAGE GARAGE & 
CONTROL BUILDING RENOVATION

31
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OPINION OF PROBABLE COST
Engineers Opinion of Probable Cost

Contractors General Conditions OH&P $2,890,000

Site Development $1,520,000

Headworks $1,700,000
Equalization $550,000
Septage Receiving $650,000
Primary Clarifiers $1,850,000
MBBR Equipment $4,000,000
Final Clarifiers $5,500,000
Disinfection $1,230,000
Effluent Pump Station Modifications $500,000

Electrical, Controls, and SCADA $540,000

Building Improvements $1,220,000

Engineering and Administration $4,430,000
Construction Contingency $2,220,000

Estimated Project Total (2023 Dollars) $28,800,000

FUNDING OPPORTUNITIES

 Clean Water SRF
» 20-30 year loan term available
» Low rates
• 1.875% for 20-year loan
• 2.125% for 30-year loan

 USDA RD
» 40-year loan term available
» Low rates, based on Median Household Income (MHI)
• 1.25% for Poverty communities
• 1.75% for Intermediate (City of Mackinac Island)
• 2.125% for Market

 Legislative Earmarks/grants
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NEXT STEPS

 Clean Water SRF
» Intent to Apply – 1.31.22
» ITA Meeting with EGLE
» Disadvantage Community Determination
» SRF Project Plan – 6.1.22

 USDA RD
» Applications accepted all year

 Legislative Earmarks/grants

POTENTIAL PROJECT TIMELINE

 Secure Project Funding – Summer/Fall 2022

 DNR Land acquisition/Site investigation – Fall 
2022 

 Engineering Design– Fall  2022 – Winter 2023.

 Construction 2023 – 2025
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CONVENTIONAL DESIGN-BID-BUILD 
APPROACH

 Owner consulted during design phase

 Independent oversight of Builder

 Open to Owner involvement during design and 
construction

 Pricing is not known until the design process is 
complete

 Contractor is selected based on low bid

FVC – PROGRESSIVE DESIGN- BUILD

 Collaborative effort:
» Control construction cost 
» Construction Sequencing 
» Owner has greater involvement during design, bidding, 

and construction
» Milestone design meetings with EGLE and City staff.

 No finger pointing - one firm responsible for design, 
construction, schedule, quality and warranty.

 Open book pricing to Owner
» Trade bids are opened publicly with Owner
» Opportunity to adjust pricing with open book cost data

37

38



1/26/2022

20

QUESTIONS?
39


