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1. GENERAL INFORMATION

This study was instituted in order to evaluate the existing wastewater system, determine its
needs, evaluate its adequacy for growth, and provide recommendations to help the system
meet its future needs.

This report is an engineering study to determine the proper course of action to develop a
wastewater system that will be adequate to serve the Subdivision for the next 20 years.  It has
been prepared from data obtained through field surveys, information provided by the
Subdivision, and studies relative to the design of a complete wastewater system.

The study indicates that improvements are needed to meet future DNR requirements.  In order
to finance these improvements, loans may be necessary.

2. PLANNING AREA

Lake Forest Estates is located in Sainte Genevieve County as shown in Figure 1, Vicinity Map.  
It is located in the northwest part of the county approximately 10 miles west of Sainte
Genevieve and 6 miles southwest of Bloomsdale.  The planning area will include the complete
subdivision as can be seen on Figure 2, Topographic Map.

Planned but undeveloped lots should be considered in the system design; but, the expenses to
construct additional collection system lines, connections, or roads will not be shown in these
cost estimates.  It will be assumed that these costs will be borne by the future homeowners.

The planning period for this study is for 20 years, which means that all designs will be for the
anticipated conditions that will exist in the year 2040.

The property owners of Lake Forest Estates Community Association recently formed the Lake
Forest Clean Water District who is responsible for the planning, financing, and operating of the
water and wastewater system.  They have a licensed water and wastewater operator and have
the authority to set and increase user rates to finance improvements to the systems.

3. ECONOMIC AND DEMOGRAPHIC DATA

Lake Forest Estates is a residential area.  There are no industrial, commercial, institutional, or
educational entities within the planning area.

3.1 Land Use

The present limits of Lake Forest Estates contains over 640 acres.  There are approximately
286 residences in the Subdivision and additional room available for 60 more residences.

3.2 Population

Based upon a 1999 census taken in the subdivision, the average household has 2.7 occupants,
therefore, the current population in the Subdivision is 773 people.   The 2000 census for Sainte
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Genevieve County also shows an average household of 2.7 people which coincides with the
survey.

With additional space available for only 60 more homes, the Subdivision can see a maximum
growth of 11% or 346 homes.

Therefore, a total planning area design population equivalent of 935 will be used.

Since the Subdivision is not a community, there is no census data for the local income.  The
subdivision is located within Ste. Genevieve Township in Ste. Genevieve County however, and
there is census data for the township.  From American Factfinder, the 2010 median household
income for the township is $44,509.

4. ENVIRONMENTAL DATA

4.1 Topography

The topography of Lake Forest Estates is hilly, as evidenced by the contour lines on Figure 2,
Topographic Map.  Elevations range from 480 feet mean sea level (MSL) to 660 feet MSL.

Lake Forest Estates lies in the hills around  three manmade lakes with the largest being
approximately 81 acres.  The only entrance to the Subdivision (Lakewood Drive) is located off
of State Route “O”.

4.2 Soils

The predominate soil of the area is of the Union-Goss-Gasconade-Crider Complex.  It is
characterized by steep and very steep soils on upland side slopes.  It includes small areas of
pasture and cultivated land on gently to moderately sloping ridgetops, and forested, long,
moderate to very steep side slopes.  The soils have formed in cherty limestone residual
material, although Union and Crider soils also have a thin mantle of loess present.

Union soils are characterized by having a hardpan layer; however, they are moderately well
drained.  They have a silt-loam topsoil grading downward into a moderately permeable subsoil
overlying a massive hardpan.

Goss soils are deep, well drained, and occur on steep upland slopes of from 2% to 45%.  They
have a cherty, silt-loam topsoil overlying a moderately permeable, very cherty, silty-clay subsoil.

Gasconade soils are shallow, somewhat excessively drained, and occur on steep upland
slopes.  They have a flaggy clay-loam topsoil overlying a flaggy, clay subsoil that has
moderately slow permeability.  These soils occur on slopes ranging from 2% to 50%.

Crider soils are deep, well drained upland soils that also occur in some area with karst
topography.  They have a silt loam topsoil overlying a moderately permeable, silty-clay-loam
subsoil.  The slopes on which they occur range from nearly flat to 20%.
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With the exception of the Crider soils, all of these have a low to very low available water
capacity.

5. EXISTING SYSTEMS

5.1 Water System

Water is supplied to the residents through a State licensed non-transient community water
supply system.

The water supply is composed of two deep consolidated wells. From the well, the water is
disinfected and pumped to a ground storage standpipe located near one of the wells.  From the
standpipe, the water pressurizes the distribution system under gravity which supplies all of the
homes and buildings in the subdivision.

5.2 Wastewater System

5.2.1 Wastewater Collection System

Wastewater in and around Lake Forest Estates is transported beneath the lakes to a
wastewater treatment lagoon north of the dam through 6-inch and 8-inch diameter pvc truss
wall pipes and cast-in-place manholes.  No manholes are located beneath the water level of the
lake.  They are located in the laterals surrounding the lake.  The Subdivision has had problems
with infiltration/inflow (I&I).  They are continuously smoke testing and inspecting manholes to
find sources.  From this data they have repaired many leaks and raised the height of several
manholes.

The collection system was installed in 1971 beneath the lake and is therefore prone to
excessive infiltration when a leak develops.  In 2001 when improvements to upgrade the
treatment system were made, site visits did not show an excessive flow of water which would
be typical with infiltration; but, flow metering was performed and daily flows measured.  It was
shown at that time, inflow existed during wet weather events.  These flows met levels of
640,000 gpd.  Since that time, the Association installed a flow meter on the treatment plant
effluent to help them detect and measure excessive flows.  Using that data, they have made
many improvements in an effort to reduce I/I.  They still have excessive I/I.  In the past two
years, the peak measured flow has been 556,000 gpd.

5.2.2 Wastewater Treatment System

From the collection system, the sewage currently flows by gravity into a three cell aerated
lagoon.   It was designed for a dry weather flow of 118,300 gallons per day; but, because of the
infiltration during storm events, it was also sized to handle a wet weather flow of 376,700
gallons per day and the previous facultative lagoon is being utilized for equalization for
excessive daily peak wet weather flows.  The old lagoon system was deemed capable of
handling 5 consecutive days worth of peak flows. Figure 3, Existing Lagoon Layout shows the
current facility layout.
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This facility discharges to Big Bottom Creek which is on MDNR’s 303d list as an impaired
waterway.  The EPA developed a Total Maximum Daily Load (TMDL) in 2010 which was
published and approved.  This TMDL set Waste Load Allocations (WLA’s) which produces
effluent limits that are unattainable by any known treatment methods.  Missouri DNR has
recently revised this TMDL and has it on public notice.  The existing permit; however, has limits
based upon the WLA’s from the 2010 TMDL.  These limits were proposed in a phased manner.

This most recent permit (issued on February 1, 2016), implemented effluent limits that the
current treatment plant could not meet.  Because the Association has been working to pay off
the debt on the lagoon improvements of 2005, they were not in a financial condition to make
additional improvements.  They have been attempting to negotiate with DNR for some relief. 
This permit is shown as Exhibit 1, MDNR Operating Permit at the end of this report.  This permit
imposed the following monthly limits on their system:

Parameter Volumetric
BOD 30 mg/L
TSS 30 mg/L
NH3 (summer) 1.9 mg/L
NH3 (winter) 3.7 mg/L

In the year 2022, this permit will change the limits to:

Parameter Volumetric
BOD 10 mg/L
TSS 10 mg/L
NH3 (summer) 0.6 mg/L
NH3 (winter) 2.1 mg/L
eColi 206 #/100mL

In the year 2029, this permit will again change the limits to:

Parameter Volumetric Mass Loading
CBOD 5.04 mg/L 4.99 lbs/day
NBOD 1.46 mg/L 1.45 lbs/day
TSS 10 mg/L 9.9 lbs/day
NH3 (year round) 0.3 mg/L 0.8 lbs/day
eColi 206 #/100mL
Total Nitrogen 0.289 mg/L 0.29 lbs/day
Total Phosphorus 0.007 mg/L 0.01 lbs/day
Dissolved Oxygen 8.0 mg/L

The District has met with DNR multiple times to obtain relief from the 2019 limits as they are
unattainable.  To date, the best that has been offered was the recommendation to make
improvements for the 2022 limits after which time DNR will perform a lifeform survey to see if
the impairments to the stream have gone away and new lifeforms are developing.  If that is the
case, then DNR can revise the permit to not include the 2029 limits.
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If not, then, the District would have to make improvements to meet the 2029 limits or request a
variance based upon the financial hardships of making additional improvements as well as
noting the attainability of those limits.

Since then a new TMDL prepared by Missouri DNR has been put on public notice.  If this TMDL
is implemented, it could relax some of the 2029 limits; but, tighten others.  The effluent limits
that would be expected from this TMDL are as follows:

Parameter Volumetric
BOD   5 mg/L
TSS 10 mg/L
NH3 (yearly)   1 mg/L
Total Nitrogen   5 mg/L
Total Phosphorus 0.5 mg/L
eColi 206 #/100mL
Dissolved Oxygen    6 mg/L
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5.2.3 Wastewater Flow and Effluent Quality

The records from 2017 through now show the following sample results:

Date BOD TSS NH3 (S) NH3 (W) TN TP Q (avg) Q (peak) D.O.

17-Jan 14.3 10 8.14 0.1092 0.257 6.6

17-Feb 6.49 16 9.09 0.07 0.081 7.6

17-Mar 28.8 22 6.05 18.44 1.14 0.098 0.239 10.5

17-Apr 16.2 34 11.4 0.177 0.671 9.2

17-May 18.2 13 0.05 0.07 0.414 7.8

17-Jun 12.1 17 0.05 26.9 1.63 0.07 0.27 5.2

17-Jul 5.07 9 0.05 0.091 0.14 5

17-Aug 11.8 8 0.05 0.086 0.205

17-Sep 14.9 7 0.053 5.41 0.79 0.065 0.111

17-Oct 9.65 20 0.05 0.063 0.102

17-Nov 7 19 0.05 0.074 0.102

17-Dec 18 30 0.05 7.25 0.91 0.09 0.142

18-Jan 13.1 8 5.75 0.08 0.139

18-Feb 11.8 9 7.43 0.128 0.421 12.6

18-Mar 13.4 8 5.68 12.7 1.3 0.163 0.272 12.2

18-Apr 15.9 29 0.552 0.136 0.19 6.3

18-May 14.4 14.4 0.02 0.111 0.196 6.3

18-Jun 14.8 10.5 1.1 7.15 2.98 0.116 0.255

18-Jul 21.5 13 9.08 0.087 0.149

18-Aug 40.6 16 4.45 0.01 0.164

18-Sep 15.2 14 0.02 14.5 4.25 0.112 0.556 4.4

18-Oct 16.8 9 1.56 0.086 0.12 6.8

18-Nov 20.3 11 0.242 0.129 0.267 12.6

18-Dec 12.8 7 6 17.3 2.07 0.147 0.432

19-Jan 14.1 4 6.8 0.16 0.241 12.2

19-Feb 8.89 6 5.34 0.227 0.355 15.9

19-Mar 10.8/ 12 3.51 10.1 1.29 0.175 0.328 11.4

19-Apr 17 9 4.43 0.172 0.258 9

19-May 5.42 6 6.76 0.17 0.379 8.2

19-Jun 5.35 7 9.29 6.31 3.4 0.11 0.217 5.8

19-Jul 14.3 8 8.45 0.099 0.275

19-Aug 59.7 8 8.41 0.079 0.13

19-Oct 13.3 10 6.01 7.91 1.9 0.095 0.188

As you can see from the data, the system is doing fine at meeting the current requirements for
BOD and TSS; however, it does not meet the Ammonia (NH3) limits.  The system has been in
violation of its permit in 15 months of the past 2 years.
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In addition, once the phase II limits are implemented in 2022, the Plant will not consistently
meet any of the discharge limits.

This data also shows that the average daily flow to the lagoon for the past three years has been
111,256 gpd.  Using dry summer months of June through October, the average daily flow
during that same time frame is 89,200 gpd.  From water pumping records at the wells, the water
supply has been producing only 60,360 gpm during that same time period.  This is indicative of
infiltration in the wastewater collection system.

6. DESIGN PARAMETERS

6.1 Wastewater Treatment

With 286 existing homes, the current population equivalent is 773 persons.  The lagoon
loadings will be based upon the DNR recommendation of 0.17 lb/person/day and
infiltration/inflow strengths of 30 mg/L.  The flows will be based upon the existing water
production rates of 78 gpcd.

For the design capacity, the future population will be used.  This population is based upon the
subdivision capacity of 346 homes and is estimated at 935.

It is known that the I/I will not be eliminated.  Improvements can be made; but, as shown by the
Associations past work, the repairs only last a few years before the flows begin climbing again. 
With that thought in mind, the future infiltration will remain as existing and the future inflow will
be reduced by 25%.  The existing flows and future design capacity is being presented below:

Flows (gpd)
Condition Population Water Use Infiltration Inflow Total

     Existing
Average Flow       773  60,400 28,900   22,000 111,300
Peak Flow       773  60,400 28,900 466,700 556,000

     Future
Average Flow       935 73,100 28,900   16,500 118,500
Peak Flow       935 73,100 28,900 350,100 452,100

Loadings
Condition Population Domestic Infiltration Inflow Total

    Existing
Average Flow       773     132       8     6 132
Peak Flow       773     132       8                117 243

    Future
Average Flow       935     159       8     5 172
Peak Flow       935     159       8                 88 255
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7. EXISTING SYSTEM DEFICIENCIES

7.1 Existing Wastewater Collection System

From the previous sections it is evident that there is extra water entering the collection system
from outside the residential connections.  This indicates that the collection system leaks.

From visual inspections, the majority of the sewer collection system is constructed of truss pipe. 
This pipe is known to become brittle and develop leaks.

From the average daily flows, it appears that there is approximately 50,900 gallons per day in
excess of their water system production.  This does not even account for any potential water
system losses through leaking pipes.  It is estimated that this flow is coming from leaks in the
sewer lines below the lakes.

The peak daily flows from the past 2.5 years of data show that the peak day includes an
additional 445,000 gallons of water during a wet weather event.  It is estimated that this flow is
coming from leaking sewer lines along the edge of the lakes and under the streams feeding the
lakes.

The District does smoke test their system at times and does visual flow monitoring to locate
sources of I/I.  When this occurs, they find and repair broken mains.  They also lower the lake
levels during select winters and perform main repairs along the edges of the lakes on a regular
basis.

With this occurring on regular basis, the District knows the system is faulty and has not been
able to solve the problem.  They can only seem to manage the I/I and keep it reduced to a
medium/high level.

7.2 Existing Wastewater Treatment Facilities

A visual inspection of the lagoon showed no obvious defects.  The District is doing an excellent
job of maintaining the facilities.  The existing equalization lagoons are being mowed when dry
which keeps pests and vermin from breeding and causing damage to cell levees.

It is apparent from the testing results that the lagoon is not capable of meeting newer effluent
limits.  Regulations were changing in 2001 when the current lagoon was being designed.  No
one knew what the future regulations would be at that time and DNR presented effluent limits
which could change.  It was estimated that Ammonia limits would be enforced; however, no one
knew to what extent (how low the limits would be).  The lagoon was designed with a deeper
water depth and smaller surface area to help reduce future upgrade costs.

The time has come for the District to begin looking at those upgrades.  Some ammonia limits
are already under enforcement and not being met.  Lower limits of all parameters will have to
be met in a few years and even lower unattainable limits may need to be dealt with in the future.

Meetings with DNR resulted in verbal authorization to make improvements designed to meet
the 6 year limits.  Then, after construction and operation for a few years, DNR could re-evaluate
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the stream and if it re-attains it’s intended uses, could request a permit modification eliminating
the 13 year limits unless the new TMDL is approved and other limits are implemented.  There is
no guarantee; however, that the stream would re-attain it’s uses or that the state officials at that
time will allow the permit to be modified.

8. ALTERNATE SOLUTIONS

8.1 Sewer Collection System

Because the Clean Water District will be taking over the water and sewer, they will not be able
to charge an annual maintenance fee like the Home Owners Association.  Therefore, metering
should be installed on the water service lines to provide a fair method of allocating costs.  This
should be done regardless of the collection or treatment system recommended.

8.1.1 Do Nothing

Doing nothing is really not an alternative.  Doing nothing will allow the I/I to increase and
become unmanageable.  At some point it will overwhelm the treatment plant and the shallow
sloping gravity mains below the dam.  There it will overflow the manholes and run into the
receiving stream without treatment.  The high flows that go to the plant will not receive
adequate treatment and can also wash sludge from the treatment plant.

8.1.2 Line the Gravity Mains with CIPP

Lining some of the mains is an option; however, only those lines which are above the water
level.

CIPP linings are limited to 500 or 600 feet in length and for the installation, it is required that
both ends of the pipe to be lined are exposed for access.  The lines beneath the lakes are
thousands of feet long.  Over 25,000 feet of gravity sewer main lies beneath the water surface
which can be over 40 feet deep at the dam.  It is not possible to expose deeper sections of the
line without draining the entire lake and the community is not agreeable to that.

There are also multiple wyes on the main under the lake and getting access for all of those is
difficult as explained above.

8.1.3 Replace Portions of the Gravity Mains with a Pressure System.

It is possible to install grinder pumps at the manhole locations adjacent to the lake shoreline. 
These grinder stations would serve one or more residences and then pump the waste around
the shoreline to the treatment plant.

These stations would be connected to forcemains ranging from 2-inch diameter up to 4-inch
diameter.  The forcemain would run along the edge of the roadway and discharge at the
treatment plant below the dam.

Most of the stations serve multiple homes so duplex stations would be utilized to provide a
backup pump if one were clogged or failed.  Because the pumps house grinder blades to chop
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any solids into smaller particles that can pass through, a 2 HP motor is recommended.  This
larger motor would run cooler, clog less, and provide a longer lifespan.

Portions of the system not beneath the lake would be retained as gravity flowing to the grinder
stations.  These lines would be inspected via smoke testing and CCTV video and repairs made
based upon these inspections.

The advantages of a pressure system are:

a. All of the collection lines will be located outside of the lakes and accessible for repair.

b. Leaks from pressure lines typically surface and are more easily found.

Disadvantages include:

a. Higher maintenance with grinder pumps.

b. Requires more operator attention to check pumps.

c. More expensive to operate due to the use of pumps.

d. Additional easements will be needed from the homeowners.
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The estimated construction cost for the pressure sewer system upgrade is shown below:

Pressurized Collection System
Item Description Units  Unit Cost  Subtotal 

1 Duplex Grinder Lift Stations 76 EA  $   18,000.00  $   1,368,000.00 
2 Forcemain 37600 LF  $          18.00  $      676,800.00 
3 Electrical Supply 76 EA  $     1,000.00  $        76,000.00 
4 Gravity Connections 91 EA  $     1,000.00  $        91,000.00 
5 Sitework 76 EA  $       600.00  $        45,600.00 

Subtotal Metering Cost  $   2,257,400.00 

Sewer Repair
Item Description Units  Unit Cost  Subtotal 

1 Manhole Liners 235 EA  $         900.00  $      211,500.00 
2 CIPP Gravity Repair 3250 LF  $           50.00  $      162,500.00 

Subtotal Collection System Cost  $      374,000.00 

Metering
Item Description Units  Unit Cost  Subtotal 

1 5/8"x3/4" Meter, Base, Box 300 EA  $        900.00  $      270,000.00 
2 Computer, Software & Support 1 EA  $   20,000.00  $        20,000.00 

Subtotal Metering Cost  $      290,000.00 

Total Construction Cost  $   2,921,400.00 
Collection System Inspection  $        79,259.10 
Engineering Design  $      228,900.00 
Construction Observation  $      171,700.00 
Legal  $        15,000.00 
Closing Costs  $        15,000.00 
Environmental  $           7,500.00 
Contingencies  $      292,000.00 
TOTAL PROJECT COST  $   3,730,759.10 

In addition there are other cost factors to look at and those are the operation and maintenance
of the facilities.  The District already has a full time operator for the water and wastewater so
labor will not be included in the evaluation.  Power and repairs will be necessary however.

Below is a chart outlining some of the added operation and maintenance items with their
estimated costs:

Annual Treatment System O&M
System Type   Power   Repl.   Total
Pressure Sewer $13,700 $37,100 $50,800

8.1.4 Replace Portions of the Gravity Main with New Gravity Piping.

Another option would be to replace portions of the gravity main in shallow waters with new
ductile iron pipe.  This option would replace the existing lines that are subject to damage from
anchors and expansion/contraction due to temperature changes.  The deeper lines are less
prone to problems from these as they are in more temperate water conditions.
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New lines under Lake Anne would be run from the manholes on the shorelines into the water
and then parallel along the banks close to the shoreline.  On the smaller shallower lakes, they
would be replaced adjacent to the existing lines.  The smaller lakes would have to essentially be
drained and the Lake Anne drained to a lower level.  The Association is not in agreement with
draining Lake Anne dry but, draining to a lower level is acceptable.

As much of these shallower waters have developed siltation over the years, it will be necessary
to remove some of this to allow the new lines to be placed below the actual lake bottom.

As above, the portions of the system not beneath the lake would be inspected and repairs
made based upon the inspections.

The advantages of the gravity system are:

a. Lower maintenance costs.

b. Lower operating costs since power is not required.

c. Less operator attention is required.

Disadvantages include:

a. Leaking lines beneath the lake more difficult to locate and repair.

b. Still possibility of leaking lines beneath the water surface.
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The estimated construction cost for the gravity sewer system upgrade is shown below:

Lake Anne

Item Description Units  Unit Cost  Subtotal 

1 Excavation & Removal 12600 CY  $           25.00  $      315,000.00 

2 8" DIP Gravity Sewer 7050 LF  $         100.00  $      705,000.00 

3 Manholes 21 EA  $     5,000.00  $      105,000.00 

4 Tie-ins 19 EA  $     3,000.00  $        57,000.00 

5 Line Plugs 4 EA  $     5,000.00  $        20,000.00 

Subtotal Collection System Cost  $   1,202,000.00 

Lake Marian

Item Description Units  Unit Cost  Subtotal 

1 8" DIP Gravity Sewer 5178 LF  $         100.00  $      517,800.00 

2 Manholes 16 EA  $     5,000.00  $        80,000.00 

3 Tie-ins 12 EA  $     3,000.00  $        36,000.00 

Subtotal Collection System Cost  $      633,800.00 

Lake Susan

Item Description Units  Unit Cost  Subtotal 

1 8" DIP Gravity Sewer 2088 LF  $         100.00  $      208,800.00 

2 Manholes 9 EA  $     5,000.00  $        45,000.00 

3 Tie-ins 9 EA  $     3,000.00  $        27,000.00 

Subtotal Collection System Cost  $      280,800.00 

Sewer Repair

Item Description Units  Unit Cost  Subtotal 

1 Manhole Liners 243 EA  $         900.00  $      218,700.00 

2 CIPP Gravity Repair 3310 LF  $           50.00  $      165,500.00 

Subtotal Collection System Cost  $      384,200.00 

Metering

Item Description Units  Unit Cost  Subtotal 

1 5/8"x3/4" Meter, Base,
Box

300 EA  $         900.00  $      270,000.00 

2 Computer, Software &
Support

1 EA  $   20,000.00  $        20,000.00 

Subtotal Metering Cost  $      290,000.00 

Total Construction Cost  $   2,790,800.00 

Collection System Inspection  $        81,365.00 

Engineering Design  $      220,100.00 

Construction Observation  $      165,100.00 

Legal  $        15,000.00 

Closing Costs  $        15,000.00 

Environmental  $           7,500.00 

Contingencies  $      279,000.00 

TOTAL PROJECT COST  $   3,573,865.00 
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Like the pressure sewer, there are some additional cost factors to look at but with gravity
sewer, they are fewer.  Because power is not required, the only maintenance will be associated
with the water meters.

Below is a chart outlining some of the added operation and maintenance items with their
estimated costs:

Annual Treatment System O&M
System Type   Power   Repl.   Total
Gravity Sewer     $0 $ 6,700 $ 6,700

8.2 Wastewater Treatment Facility

Meeting ammonia limits is not the only issue with this system.  The future limits being
implemented are more stringent and impossible to meet.  Not only does the District have to look
at what upgrades are necessary, they also have to determine a course of action before the
upgrades can be decided.  There are several courses that the District could take.  These
include the following:

8.2.1 Do Nothing

Doing nothing is one alternative.  The existing wastewater discharge permit includes limits
which are not being met.  If these limits are not met DNR will begin to enforce the state
regulations through the court system.  This would result in the District taking a legal pathway. 
The ultimate discharge requirements would then be determined by the courts.

8.2.2 Modify the Existing Treatment Plant to a No-Discharge System.

A no-discharge system would eliminate the discharge permit and thereby eliminate the limits
imposed by such permit.  This option should carry the District through many decades without
requiring upgrades for a change in limits.  The largest hurdle for this type of system is the
acquisition of land.  There is not enough available land within the subdivision so ground would
have to be purchased or rented on which to distribute the water.

The main type of no-discharge system at a facility of this size is land application.  Primary
treatment is needed in the form of a lagoon and the effluent is pumped to irrigation nozzles that
spray the wastewater on surrounding ground.

The primary treatment lagoons must have a minimum of 90 days of wastewater storage with an
allowance of 2 feet for sludge and an allowance for the precipitation that occurs during this
period to allow for cold and wet weather conditions that will not allow land application.  The
typical annual precipitation is 42 inches; with a 1 in 10 year rainfall minus evaporation total of 12
inches over 90 days.  With a high water depth of 10.5 feet, the area of the lagoon should be
approximately 4.11 acres.  This will require additional earthwork at the existing lagoon site.

The land application rate would be designed for 36 inches per acre per year, 3 inches per acre
per week, or 1 inch per acre per day.  With an annual flow of 43,200,000 gallons and a storm
volume of approximately 4,000,000 gallons, there are 47,200,000 gallons to land apply.  With a
maximum annual application of 36 inches, the land application area will encompass 48 acres.  If
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a 12 hour/day application period is used with an application rate of 1/2 inch/acre per day, the
effluent pump will be sized for 1,471 gpm.  This will require 48 days of application per year.

A land application pumping station, control panel, discharge piping, control valves, application
area (land), and irrigation nozzles (big guns) will be needed in addition to the lagoon
improvements.

Operation of a land application system will require the operator to visit the site on a daily basis
and pump wastewater to the application area as weather permits.

Several years ago, the Association previously contacted nearby land owners to find out if land
could be purchased, leased, or used for this purpose and they met with resistance.  Since they
are now a District, they may have more legal options available for land acquisition or there may
be new land owners that are agreeable.

The advantages of a land application system are:

a. It is a non-discharge system that doesn’t require stringent testing.

b. Doesn’t harm aquatic life if operated properly.

c. It is relatively easy to operate.

Disadvantages include:

a. Higher maintenance as system ages.

b. Requires closer attention as I/I levels increase.

c. Requires extremely large area of land for application of wastes if available.
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The estimated construction cost for the land application system is shown below:

Item Description Units  Unit Cost  Subtotal 

1 Lagoon Earthwork 41000 CY  $          25.00  $   1,025,000.00 

2 Structures 2 EA  $   15,000.00  $        30,000.00 

3 Lift Station 2 EA  $ 125,000.00  $      250,000.00 

4 Forcemain 450 LF  $          50.00  $        22,500.00 

5 Controls 1 LS  $   50,000.00  $        50,000.00 

6 Electrical 1 LS  $ 120,000.00  $      120,000.00 

7 Sitework 2 AC  $     5,000.00  $        10,000.00 

8 Riprap 1200 Ton  $          35.00  $        42,000.00 

9 Strainer 1 EA  $   60,000.00  $        60,000.00 

10 Gravel Roadway 450 Ton  $          35.00  $        15,750.00 

11 Irrigation Guns 17 EA  $     6,000.00  $      102,000.00 

12 Field Piping 10200 LF  $          35.00  $      357,000.00 

Total Construction Cost  $   2,084,250.00 

Engineering Design  $      171,000.00 

Construction Observation  $      128,300.00 

Interest  $      165,000.00 

Legal/Bonding  $        20,000.00 

Environmental  $          7,500.00 

Land Costs 120 Ac  $   10,000.00  $   1,200,000.00 

Contingencies  $      208,000.00 

TOTAL PROJECT COST  $   3,984,050.00 

In addition there are other cost factors to look at and those are the operation and maintenance
of the facilities.  The District already has a full time operator for the water and wastewater so
labor will not be included in the evaluation.  Power, sludge disposal, and repairs will be
necessary however.

Below is a chart outlining some of the added operation and maintenance items with their
estimated costs:

Annual Treatment System O&M
System Type Power Repl. Sludge Total
Land Application $3,000 $6,000 $5,000 $14,000

8.2.3 Move the Discharge or Treatment Plant to a Different Receiving Stream

Another course of action would include relocating the treatment plant or discharge to a different
stream such as Indian Creek which isn’t on the Departments 303d list and/or doesn’t have a
TMDL.  This could make the effluent requirements less stringent.

An Anti-Degradation Review would have to be completed before the actual limits would be
known; but, it could be estimated that the limits would be similar to those seen in other areas of
the state.  Like land application above, this option requires the availability of land on which to
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place the discharge piping and/or treatment plant.  The land could be purchased or a lease
could be purchased; but, the land would have to be obtained in some fashion.

Regardless of the treatment option, both relocating the effluent of the existing plant or
relocating the plant will require gravity flow piping to the new discharge site.  The benefit of
relocating the discharge of the existing plant would be ease of access, less potential for raw
sewage overflow, less land purchase required, and lower costs for reuse of the existing
infrastructure (even if only for the equalization basins).  It would be better to relocate the
discharge.

There are several treatment options available to meet those type of limits and they will be
outlined below.  

8.2.3.1 Modification of the Existing Aerated Lagoon

Modifications are being completed in other areas of the state in a few different ways.  The
various options for reuse of the lagoon will be outlined below:

8.2.3.1.1 Conversion to Activated Sludge System

There has been success in utilizing activated sludge lagoon systems, especially in the
agricultural industry.

This could be accomplished in a couple ways.  All methods would include additional aeration to
convert the basins to complete mix activated sludge; but, various options exist for clarifying the
water.  We feel the most cost effective and operational friendly manner would be to convert the
existing lagoon into a Sequencing Batch Reactor.

This upgrade would require splitting the final settling pond into two basins.  A concrete wall and
liner would split the basin and prevent erosion and leakage.  A flow splitter would be
constructed at the head of both basins to split the flow evenly between the two.  Screening
facilities would be incorporated before this splitter to remove any large non-degradable objects
that could foul the mechanical equipment.  Floating aerator/mixers would be installed on both
basins to aerate and mix the water allowing the bacteria to make contact with all of the wastes. 
Controls would be provided that would allow for filling, aeration, settling, and decant cycles. 
During the fill and aerate cycles, the aerators would be energized.  They would be de-energized
during the settle and decant cycles.  Decanters would be provided to drain the clear surface
water from the basins after the sludge has settled.  This water would be discharged after being
disinfected by Ultraviolet light.  The controls would alternate basins so that while one basin is
being aerated, the other would be settling or decanting.  This would reduce the peak flows
leaving the plant and being disinfected.  For future nutrient removal, the floating aerator/mixers
could be used without aeration to mix during an anoxic period and chemical feed equipment
can be added at a later date.

During decant, some of the sludge would have to be removed from the basin.  Submersible
pumps could be used to pump this sludge to the current aeration basin where it could be
digested and stored for later removal and land application.
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The advantages of an activated sludge conversion include:

a. Reduced construction footprint by utilizing existing basins.

b. Extended sludge handling intervals.

c. High quality effluent.

d. Some Biological Nitrogen and Phosphorus removal with little or no upgrade costs.

The disadvantages include:

a. Higher operation and maintenance costs with more aeration.

b. It is more prone to upset following the introduction of a caustic waste.

c. Produces higher volumes of sludge to handle

The costs for the activated sludge conversion is shown below:

Item Description Units  Unit Cost  Subtotal 

1 Earthwork 500 CY  $          25.00  $        12,500.00 

2 Structures - Splitter 1 EA  $   30,000.00  $        30,000.00 

3 BioCurtain 110 LF  $        150.00  $        16,500.00 

4 Retaining Wall 115 CY  $     1,000.00  $      115,000.00 

5 Controls 1 LS  $ 120,000.00  $      120,000.00 

6 Decanter 3 EA  $   90,000.00  $      270,000.00 

7 Aerators/Mixers 6 EA  $   45,000.00  $      270,000.00 

8 Misc Piping 1 LS  $   80,000.00  $        80,000.00 

9 Electrical 1 LS  $ 120,000.00  $      120,000.00 

10 Gravity Sewer 350 LF  $          50.00  $        17,500.00 

11 Sludge Pumping 2 EA  $   40,000.00  $        80,000.00 

12 Liner 14500 SF  $            3.00  $        43,500.00 

13 UV Disinfection 1 EA  $ 175,000.00  $      175,000.00 

14 Sitework 1 Ac  $     5,000.00  $          5,000.00 

15 Discharge Piping 6000 LF  $          50.00  $      300,000.00 

16 Screening 1 EA  $ 150,000.00  $      150,000.00 

Total Construction Cost  $   1,805,000.00 

Engineering Design  $      151,000.00 

Construction Observation  $      113,300.00 

Interest  $      126,000.00 

Legal/Bonding  $        20,000.00 

Environmental  $          7,500.00 

Easements 6000 LF  $           10.00  $        60,000.00 

Contingencies  $      181,000.00 

TOTAL PROJECT COST  $   2,463,800.00 
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8.2.3.1.2 Conversion to Lagoon with Fixed Film Media

Another process which has shown success in meeting ammonia limits includes the addition a
fixed film media to the lagoon based treatment process.  This option can be completed in
numerous ways and there are several manufacturers trying to sell their version.  The various
versions include the placement of media pods within the lagoon basin, construction of a
submerged media bed after the lagoon, and construction of a recirculating nonsubmerged
media filter after the lagoon.  Most of these involve additional aeration and could require
insulated covers or heaters to maintain a higher water temperature during the winter months.

While similar in the actual biological treatment, the various options do have drastically different
operational and maintenance concerns and costs.  We feel that the best of these options
include insulated covers with a submerged media bed after the lagoon.  While heaters could
replace the insulated covers, there has not been enough installations to prove this technology
as cost efficient yet.

The recommended process would include additional aeration to generate a complete mix zone
at the beginning of the plant.  All of the lagoon would be covered with insulated floating covers
and a fixed film reactor would be placed at the end of the lagoon from which the wastewater
would discharge.   The reactor is composed of a plastic media stored in a concrete basin.  The
lagoon effluent flows through the media and aeration is also provided through the media.  To
help with the lower future mussel based ammonia levels, a recirculating pump station would be
constructed after the reactor to recirculate a portion of the treated water back to the lagoon or
front of the reactor.

The advantages of covered lagoon with fixed film reactor include:

a. Reduced construction footprint by utilizing existing basins.

b. Less susceptible to upset.  Stable treatment.

c. Lengthened sludge handling intervals.

d. Ease of operation.

e. High quality effluent.

The disadvantages include:

a. Higher operation and maintenance costs with more aeration.

b. Medium construction costs.

c. Total Nitrogen or Phosphorus removal would require substantial upgrades later.
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The costs for the covered lagoon with fixed film reactor conversion is shown below:

Item Description Units  Unit Cost  Subtotal 

1 Floating Cover 70000 SF  $             6.00  $      420,000.00 

2 Aeration Equipment 1 LS  $ 550,000.00  $      550,000.00 

3 Aeration Building 100 SF  $         300.00  $        30,000.00 

4 Baffles 180 LF  $         250.00  $        45,000.00 

5 Reactor Basin 1 LS  $ 325,000.00  $      325,000.00 

6 Reactor Media 1 LS  $ 160,000.00  $      160,000.00 

7 Disinfection 1 LS  $ 150,000.00  $      150,000.00 

8 Recirculation Pump Station 1 LS  $ 125,000.00  $      125,000.00 

9 Electrical 1 LS  $   45,000.00  $        45,000.00 

10 Sitework 1 Ac  $     5,000.00  $           5,000.00 

11 Misc. Piping 1 LS  $   75,000.00  $        75,000.00 

12 UV Disinfection 1 LS  $ 175,000.00  $      175,000.00 

13 Discharge Piping 6000 LF  $           50.00  $      300,000.00 

Total Construction Cost  $   2,405,000.00 

Engineering Design  $      193,500.00 

Construction Observation  $      145,100.00 

Interest  $      125,000.00 

Legal/Bonding  $      250,000.00 

Environmental  $           7,500.00 

Easements 6000 LF  $           10.00  $        60,000.00 

Contingencies  $      241,000.00 

TOTAL PROJECT COST  $   3,427,100.00 

8.2.3.2 Construction of a New Treatment Plant

Along with conversion of the existing facilities, the Association can opt to construct a totally new
facility at the site of the existing lagoons.  A new facility would eliminate any issues that the
Association has with operating or maintenance of the existing plant.  Other than a new lagoon
based system which isn’t more cost effective than modifications to the existing lagoon, the only
real option is an activated sludge process.

8.2.3.2.1 Activated Sludge Treatment Plant

Several options of biological treatment exist including an oxidation ditch, solids contact,
sequencing batch reactor, moving bed bioreactor, and membrane bioreactor.  All of these
incorporate activated sludge requiring extensive aeration needs and can meet the ammonia
limits; but, some can meet more stringent limits as well and some have more construction cost
than others.  The most cost effective option is a sequencing batch reactor.  It is able to meet
the current limits as well as remove some total nitrogen and total phosphorus.  It also
incorporates clarification within the aeration basins to provide construction cost savings.

20



Advantages of this type of plant include the following:

a. It has a smaller footprint and takes up less land.

b. It produces the best quality effluent.

Disadvantages of the mechanical plant include the following:

a. It is more prone to upset following the introduction of a caustic waste.

b. It produces large volumes of sludge.

c. It can have higher operating and maintenance costs associated with the handling of
sludge.

A mechanical plant would take up less than 1 acre of land and be located at a location in one of
the old lagoon cells.

The estimated capital construction costs for a new concrete structured sequencing batch
reactor is shown below:

Item Description Units  Unit Cost  Subtotal 

1 Screening 1 LS $  150,000.00 $     150,000.00 

2 Grit Removal 1 LS $  150,000.00 $     150,000.00 

3 Reaction Basins 285 CY $      1,000.00 $     285,000.00 

4 Aeration Equipment 2 EA $  220,000.00 $     440,000.00 

5 Aeration Building 300 SF $         300.00 $       90,000.00 

6 Decant Equipment 2 EA $    45,000.00 $       90,000.00 

7 Sludge Transfer Pumps 2 EA $    35,000.00 $       70,000.00 

8 Controls 1 LS $  200,000.00 $     200,000.00 

9 Electrical 1 LS $  120,000.00 $     120,000.00 

10 Site Piping 1 LS $  125,000.00 $     125,000.00 

11 EQ Basin 240 CY $      1,000.00 $     240,000.00 

12 Site Work 1.00 AC $      5,000.00 $         5,000.00 

13 UV Disinfection 1 LS $  175,000.00 $     175,000.00 

14 Discharge Piping 6000 LF  $           55.00  $     330,000.00 

15 Fencing 540 LF $           25.00 $       13,500.00 

Total Construction Cost $  2,483,500.00 

Engineering Design  $     199,000.00 

Construction Observation  $     149,300.00 

Interest  $     160,000.00 

Legal/Bonding  $       20,000.00 

Environmental  $         7,500.00 

Easements 6000 LF  $           10.00  $       60,000.00 

Contingencies  $     248,000.00 

TOTAL PROJECT COST  $  3,327,300.00 
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8.2.3.3 Relocated Discharge Treatment Plant Comparisons

Based upon the above, there are three options recommended for improvements with discharge
relocation.  Those include new Concrete SBR with discharge relocation, Lagoon Upgrade to
SBR with discharge relocation, and Lagoon Upgrade with Fixed Film Media and discharge
relocation.  Additional cost factors can also be taken into account however, and those are the
operation and maintenance of the facilities.  The District already has a full time operator for the
water and wastewater so labor will not be included in the evaluation.  Power, sludge disposal,
and repairs will be necessary however.

Below is a chart outlining some of the added operation and maintenance items with their
estimated costs:

Annual Treatment System O&M
System Type Power Repl. Sludge Total
New Concrete SBR $8,650 $21,630 $7,000 $37,280
SBR Lagoon $8,600 $20,630 $7,000 $36,230
Covered Lagoon w/ 

Fixed Film Reactor $6,900 $16,630 $7,000 $30,530

Based upon the estimated construction cost and the operation and maintenance costs, the
present worth value can be calculated.  This is the total value of the project if all costs were
brought to present day values and financed in one lump sum with the future costs placed into
an interest bearing account until needed.  The present worth of these options at 2.5% (from
OMB Circular No. A-94) over 20 years are shown below:

Construction Present Worth of     20-year
System Type       Cost       Treatment O&M Project Cost
New Concrete SBR $3,327,300 $580,932 $3,908,323
SBR Lagoon $2,463,800 $564,760 $3,028,560
Covered Lagoon w/ 

Fixed Film Reactor $3,427,100 $475,671 $3,902,771

Based upon the present worth values, the Lagoon conversion to an SBR is the most cost
effective.  This option would meet the estimated limits for the alternate receiving stream and
would be capable of performing some Total Nitrogen and Phosphorus removal in the future
without major upgrades.

8.2.4 Maintain the Existing Discharge Location

If no land is available for land application or discharge piping and the District decides that they
do not want to relocate their existing facilities, the existing facilities would have to be upgraded
to meet the 2022 effluent limits.  Upgrades should be made to also meet more stringent limits;
but, there is no treatment option would consistently meet the 13 year limits being set.

Per the DNR discussions, we will examine options capable of meeting the 2022 limits.  These
options can be considered as some of the most technologically advanced treatment methods.
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8.2.4.1 Modification of the Existing Aerated Lagoon by conversion to Activated Sludge
System

As outlined in the previous section, the existing lagoon could be converted to a Sequencing
Batch Reactor.  Combined with a tertiary disc filter, it would be capable of meeting the 2022
limits.  This option is also capable of some nutrient removal without a substantial upgrade.

The costs for the activated sludge conversion is shown below:

Item Description Units  Unit Cost  Subtotal 

1 Earthwork 500 CY  $           25.00  $        12,500.00 

2 Structures - Splitter 1 EA  $   30,000.00  $        30,000.00 

3 BioCurtain 110 LF  $         150.00  $        16,500.00 

4 Retaining Wall 115 CY  $     1,000.00  $      115,000.00 

5 Controls 1 LS  $ 120,000.00  $      120,000.00 

6 Decanter 3 EA  $   90,000.00  $      270,000.00 

7 Aerators/Mixers 6 EA  $   45,000.00  $      270,000.00 

8 Misc Piping 1 LS  $   80,000.00  $        80,000.00 

9 Electrical 1 LS  $ 120,000.00  $      120,000.00 

10 Gravity Sewer 350 LF  $           50.00  $        17,500.00 

11 WAS Sludge Pumping 2 EA  $   40,000.00  $        80,000.00 

12 Liner 14500 SF  $             3.00  $        43,500.00 

13 UV Disinfection 1 EA  $ 175,000.00  $      175,000.00 

14 Tertiary Disc Filter 1 LS  $ 275,000.00  $      275,000.00 

15 Sitework 1 Ac  $     5,000.00  $           5,000.00 

16 Screening 1 EA  $ 150,000.00  $      150,000.00 

Total Construction Cost  $   1,780,000.00 

Engineering Design  $      149,200.00 

Construction Observation  $      111,900.00 

Interest  $      120,000.00 

Legal/Bonding  $        20,000.00 

Environmental  $           7,500.00 

Contingencies  $      178,000.00 

TOTAL PROJECT COST  $   2,366,600.00 

8.2.4.2 Construction of a New Treatment Plant

The best form of treatment available would be provided by Reverse Osmosis (RO).  This type of
plant would not only require an activated sludge treatment as discussed previously; but, also
require tertiary treatment, and membrane pretreatment prior to the reverse osmosis
membranes.  This would basically require a wastewater treatment plant followed by a water
treatment plant followed by reverse osmosis.

RO has high construction, operating, and maintenance costs as membranes require high
pumping pressures, routine cleaning, and regular membrane replacement.
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This form of treatment only treats 75%-90% of the water.  The remaining 10%-25% is wasted
as a reject stream that is high in the contaminants being removed (they have to go
somewhere).  Based on a flow of 118,000 gpd, the reject stream would be 12,000 gpd or more. 
The District would have to find a location for this waste stream.  It could not be discharged to
Big Bottom Creek with the proposed limits.  That waste stream would have to be land applied
on unused property around the development.
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The costs for this type of system are as follows:

Item Description Quantity  Unit Cost  Subtotal 

SBR

1 Screening 1 LS $  150,000.00 $     150,000.00 

2 Grit Removal 1 LS $  150,000.00 $     150,000.00 

3 Reaction Basins 285 CY $      1,000.00 $     285,000.00 

4 Aeration Equipment 2 EA $  220,000.00 $     440,000.00 

5 Aeration Building 300 SF $         300.00 $       90,000.00 

6 Decant Equipment 2 EA $    45,000.00 $       90,000.00 

7 Sludge Transfer Pumps 2 EA $    35,000.00 $       70,000.00 

8 Controls 1 LS $  200,000.00 $     200,000.00 

9 Electrical 1 LS $  120,000.00 $     120,000.00 

10 Site Piping 1 LS $  125,000.00 $     125,000.00 

11 EQ Basin 240 CY $      1,000.00 $     240,000.00 

12 Site Work 1.00 AC $      5,000.00 $         5,000.00 

13 UV Disinfection 1 LS $  175,000.00 $     175,000.00 

14 Fencing 540 LF $           20.00 $       10,800.00 

UF FILTER

16 Filter Building 880 SF $         300.00 $     264,000.00 

17 Filter Equipment 4 EA $  150,000.00 $     600,000.00 

18 Electrical 1 LS $    30,000.00 $       30,000.00 

19 Booster & Backwash Pump 4 EA $    35,000.00 $     140,000.00 

20 Coagulant Equipment 2 EA $    30,000.00 $       60,000.00 

21 Piping 1 LS $    20,000.00 $       20,000.00 

REVERSE OSMOSIS

22 Membrane Building 1200 SF $         300.00 $     360,000.00 

23 Membrane Equipment 2 EA $  500,000.00 $  1,000,000.00 

24 Booster Pumping 2 EA $    35,000.00 $       70,000.00 

25 Wetwell 1 LS $    35,000.00 $       35,000.00 

26 Electrical 1 LS $    55,000.00 $       55,000.00 

27 Piping 1 LS $    35,000.00 $       35,000.00 

REJECT LAND APPLICATION

28 Excavation/Embankment 6800 CY $           25.00 $     170,000.00 

29 Land App. Lift Station 1 EA $  150,000.00 $     150,000.00 

30 Land App. Forcemain 2500 LF $           50.00 $     125,000.00 

31 Irrigation Guns 10 EA $      6,000.00 $       60,000.00 

Total Construction Cost $ 5,324,800.00 

Engineering Design  $    384,600.00 

Construction Observation  $    288,500.00 

Interest  $    160,000.00 

Legal/Bonding  $      20,000.00 

Environmental  $        7,500.00 

Electrical Service 4000 LF  $           40.00  $    160,000.00 

Contingencies  $    532,000.00 

TOTAL PROJECT COST  $ 6,877,400.00 
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8.2.4.3 Existing Discharge Location Comparisons

Based upon the above, there are two options recommended for improvements at the existing
location.  Those include Lagoon Upgrade to SBR and Reverse Osmosis.  Additional cost
factors can also be taken into account however, and those are the operation and maintenance
of the facilities.  The District already has a full time operator for the water and wastewater so
labor will not be included in the evaluation.  Power, sludge disposal, and repairs will be
necessary however.

Below is a chart outlining some of the added operation and maintenance items with their
estimated costs:

Annual Treatment System O&M
System Type Power Repl. Sludge Total
SBR Lagoon $8,600 $20,630 $7,000 $36,230
Reverse Osmosis $8,650 $30,150 $7,000 $45,800

Based upon the estimated construction cost and the operation and maintenance costs, the
present worth value can be calculated.  This is the total value of the project if all costs were
brought to present day values and financed in one lump sum with the future costs placed into
an interest bearing account until needed.  The present worth of these options at 5% over 20
years are shown below:

Construction Present Worth of     20-year
System Type       Cost       Treatment O&M Project Cost
SBR Lagoon $2,366,600 $564,760 $2,931,360
Reverse Osmosis $6,877,400 $713,440 $7,590,840

Based upon the present worth values, the Lagoon conversion to an SBR is the most cost
effective.  This option would meet the 2022 limits and would be capable of performing some
Total Nitrogen and Phosphorus removal in the future without major upgrades.

8.3 Alternative Comparison

8.3.1 Wastewater Collection

Based upon the discussion in Section 8.4.1 above, there are two options recommended for
examination as a potential solution to the I/I problems.  Those include replacement of the
gravity collection system beneath the lake with a pressurized system or partial replacement of
the gravity collection system beneath the lake with a new gravity main along the edge of the
shoreline.  Comparing the present worth values yields the following:

Construction Present Worth of     20-year
System Type       Cost       Treatment O&M Project Cost
Pressure System Upgrade $3,730,759 $791,275 $4,522,034
Gravity System Upgrade $3,573,865 $104,447 $3,678,312

Based upon the present worth values, the gravity system upgrade is the most cost effective. 
Not only is it more cost effective, it will be much easier to operate and maintain.  If the system is
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not maintained effectively, gravity flow can actually reduce the potential for sanitary sewer
overflows (SSO’s) in the lake and be more environmentally friendly.

8.3.2 Wastewater Treatment

Based upon the above, there are three options recommended for further examination as an
ultimate solution.  Those include Lagoon Upgrade to SBR with discharge relocation to Indian
Creek, Lagoon Upgrade to SBR with Tertiary Filtration, and Land Application.  Comparing the
present worth values yields the following:

Construction Present Worth of     20-year
System Type       Cost       Treatment O&M Project Cost
SBR Lagoon to Ind Cr $2,463,800 $564,760 $3,028,560
SBR Lagoon with Tert. Flt $2,366,600 $564,760 $2,931,360
Land Application $3,984,050 $277,393 $4,261,443

Based upon the present worth values, the Lagoon conversion to an SBR is the most cost
effective.  These options would meet the proposed 6 year limits, meet estimated limits for the
alternate receiving stream and would be capable of performing some Total Nitrogen and
Phosphorus removal.  Land Application is the highest cost (due to the purchase of property);
but, it also eliminates the immediate potential for further upgrades being needed.  Two of these
options are only available if downstream property can be acquired and because the cost for the
two SBR options are essentially equal, there is no need to change the discharge location from
the existing one so the option of an SBR conversion discharging to Indian Creek will be
eliminated.

The construction of the Land application option will also have a negative impact to Big Bottom
Creek.  While they will lower the nutrient loading to the stream they will also remove all flow
from the stream during the summer months.  This will essentially eliminate all aquatic life in Big
Bottom Creek.

8.4 Alternative Recommendation

Since members of the Association have been unsuccessful in finding available ground for a
land application system in the past, we will recommend that the existing aerated lagoon be
converted into a Sequencing Batch Reactor.

For a SBR modification, the existing polishing cell would be divided into two cells with a
concrete wall.  During construction the aerated cell effluent could be directed to the old tertiary
cell for settling and discharge.

These two new cells would then be converted to aeration basins with the addition of floating
aerators and mixers. Calculations show a basin biomass volume needed of approximately
9,000 cubic feet/basin.  This would store the biomass and wet weather flows.  The proposed
basins can hold this volume at a 4.7 feet depth.  A safety depth of 3 feet would be placed above
this to prevent currents from bringing biomass into the decanter after settling.  This sets the low
water level at 7.7 feet.  During high flows, the water depth in the cells would range from this low
level of 7.7 feet to a depth of 8.7 feet.  During average flows, it would only rise to 8.2 feet.  The
existing cell has a water depth of 10 feet with an additional 2 feet of freeboard so no additional
depth will need to be added.
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Floating decanters would be located at the end opposite of the influent.  The influent line would
be re-routed to a splitter where the flows would be split to the two basins.  Ringlace could be
draped across the cell to help provide equal flow distribution and to provide a fixed film surface
for bacteria to attach.  Control would be incorporated to provide fill, aerate, settle, and decant
cycles to treat the water.  The aeration cycle could be modified to include anoxic mix for total
nutrient removal if needed.

During decant, the water would flow to a small equalization basin that would restrict the exiting
flow so that downstream components would not have to be as large.  Following this equalization
basin, a cloth disk filter would be constructed to filter out additional TSS.  This would reduce the
TSS levels as well as the BOD levels since a portion of the TSS is organic in nature.  It can also
help remove additional phosphorus when combined with chemical addition.

After filtration, ultraviolet disinfection will be installed prior to flow measuring and discharge. 
Flow measuring would be incorporated into the controls to determine cycle lengths and decant
flow rates during peak wet weather events as well as to help control the disinfection system.

Sludge wasting pumps would be installed that would cycle on/off to pump settled sludge during
the decant cycle.  The sludge would be pumped to the existing aeration basin which could be
converted to an aerobic digester.  A decanter could return the supernatant from the sludge
basin to the head of the plant for treatment.  This basin will provide enough sludge storage for
over 10 years and the Association can then contract to have the sludge removed (pumped or
dredged) from this basin and land applied.

The proposed layout for the improvements are shown in Figure 4, Proposed Collection System
Improvements and Figure 5, Proposed SBR Lagoon Layout.
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The costs for the recommended improvements are as follows:

Treatment Improvements
Item Description Units  Unit Cost  Subtotal 

1 Earthwork 500 CY  $          25.00  $        12,500.00 
2 Structures - Splitter 1 EA  $   30,000.00  $        30,000.00 
3 BioCurtain 110 LF  $        150.00  $        16,500.00 
4 Retaining Wall 115 CY  $     1,000.00  $      115,000.00 
5 Controls 1 LS  $ 120,000.00  $      120,000.00 
6 Decanter 3 EA  $   90,000.00  $      270,000.00 
7 Aerators/Mixers 6 EA  $   45,000.00  $      270,000.00 
8 Misc Piping 1 LS  $   80,000.00  $        80,000.00 
9 Electrical 1 LS  $ 120,000.00  $      120,000.00 
10 Gravity Sewer 350 LF  $          50.00  $        17,500.00 
11 WAS Sludge Pumping 2 EA  $   40,000.00  $        80,000.00 
12 Liner 14500 SF  $            3.00  $        43,500.00 
13 UV Disinfection 1 EA  $ 175,000.00  $      175,000.00 
14 Tertiary Disc Filter 1 EA  $ 275,000.00  $      275,000.00 
15 Sitework 1 Ac  $     5,000.00  $          5,000.00 
16 Screening 1 EA  $ 150,000.00  $      150,000.00 

Subtotal Treatment Construction Cost  $   1,780,000.00 

Collection System Improvements
Lake Anne

Item Description Units  Unit Cost  Subtotal 
1 Excavation & Removal 12600 CY  $          25.00  $      315,000.00 
2 8" DIP Gravity Sewer 7050 LF  $        100.00  $      705,000.00 
3 Manholes 21 EA  $     5,000.00  $      105,000.00 
4 Tie-ins 19 EA  $     3,000.00  $        57,000.00 
5 Line Plugs 4 EA  $     5,000.00  $        20,000.00 

Subtotal Collection System Cost  $   1,202,000.00 

Lake Marian
Item Description Units  Unit Cost  Subtotal 

1 8" DIP Gravity Sewer 5178 LF  $        100.00  $      517,800.00 
2 Manholes 16 EA  $     5,000.00  $        80,000.00 
3 Tie-ins 12 EA  $     3,000.00  $        36,000.00 

Subtotal Collection System Cost  $      633,800.00 

Lake Susan
Item Description Units  Unit Cost  Subtotal 

1 8" DIP Gravity Sewer 2088 LF  $        100.00  $      208,800.00 
2 Manholes 9 EA  $     5,000.00  $        45,000.00 
3 Tie-ins 9 EA  $     3,000.00  $        27,000.00 

Subtotal Collection System Cost  $      280,800.00 

Sewer Repair
Item Description Units  Unit Cost  Subtotal 

1 Manhole Liners 243 EA  $         900.00  $      218,700.00 
2 CIPP Gravity Repair 3310 LF  $           50.00  $      165,500.00 

Subtotal Collection System Cost  $      384,200.00 
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Metering
Item Description Units  Unit Cost  Subtotal 

1 5/8"x3/4" Meter, Base, Box 300 EA  $         900.00  $      270,000.00 
2 Computer, Software & Support 1 EA  $    20,000.00  $        20,000.00 

Subtotal Metering Cost  $      290,000.00 

Total Construction Cost  $   4,570,800.00 
Collection System Inspection  $        81,365.00 
Engineering Design  $      337,000.00 
Construction Observation  $      252,800.00 
Legal  $        15,000.00 
Closing Costs  $        15,000.00 
Environmental  $          7,500.00 
Contingencies  $      457,000.00 
TOTAL PROJECT COST  $   5,736,465.00 

9. OPTIONS FOR FINANCING

As the District knows, improvements to a wastewater system is a major undertaking for a small
group of homeowners, and if the project is to be realized, the homeowners must be willing to
bear most if not all of the financial burden of the project.

Because the Association recently formed as a Re-organized Sewer District, there are more
financing options available than before.

Following are brief outlines of some of the financing programs and their value to this project.

9.1 Community Development Block Grant Program

The Community Development Block Grant Program of the Missouri Department of Economic
Development offers grants to low income communities and districts.   This grant program
provides a maximum grant amount of $750,000; however, these grants are not typically made
unless the improvements will increase the user costs to 2% of the median household income. 
This will require an average user charge of $74.18 per month for water based on the 2010
census data. To qualify for these grants, the recipient must have 51% of its residents below the
median income level.  It is unlikely that the District has a LMI greater than 51% so this grant
program is not available.

9.2 State Rural Sewer Grant

This program, funded by the Missouri Department of Natural Resources, can provide up to
$1,400 per connection in grant funding with a grant maximum of $500,000.  This program has
not been funded in the past several years and funding is not anticipated for several years with
the current economy.  With 500 connections, the available amount would be $500,000.  These
grants are based upon priority points given for need and health concerns.  When available,
these are hard to obtain as many communities compete for them.
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9.3 State Revolving Fund

This program, through the State Department of Natural Resources, offers low interest loans. 
This program has an interest rate of 30% of the AAA municipal market interest rate plus a yearly
administration fee of 1% which is set the week when the loan closes.  This loan is paid back over
20 years.  All eligible systems are placed on the Intended Use Plan unless there is not enough
funding available, where they might be placed on a contingency list.  Recently, these loans have
not been difficult to obtain; however, they do require a bond issue be passed by the voters in the
District.

This program also has a Clean Water State Revolving Fund Affordability Grant which can
provide up to $2,000,000 but is limited to 50% of the project cost if the applicant qualifies. 
Funding is limited so this grant is also competitive and based upon need.  This grant requires the
recipient to meet certain criteria to be eligible.  Those criteria include a population of 3,300 or
less, a user charge that will be at or above 2% of the median household income, and a median
household income that is at or below 75% of the state average, unemployment rate, poverty
rate, and others.  Preliminary completion of the online grant eligibility form shows that the District
could be eligible for DNR grants.  The grant eligibility form is included as Exhibit 2, Grant
Eligibility Form.

The application deadline for this program is March 1, 2020.  An application, including the
preliminary engineering report, would have to be submitted.  After submission, the State agency
reviews the applications and ranks the projects using priority points based upon need and health
concerns.  If the project scores high enough, it will be placed upon the state Intended Use Plan
which is typically issued in October.  After this notification of funding is complete, it typically
takes another year before construction can begin on the project.

9.4 USDA Rural Development Loan/Grant

The United States Department of Agriculture Rural Development agency has loans and grants
available to low income communities.  This program is based upon need and income levels of
the community.  Grants are not typically made unless the improvements will increase the user
costs to 2% of the median household income.  As with the CDBG Grant, this will require an
average user charge of $74.18 per month for sewer before the grant is made.  The amount of
grant is typically need driven; but, as the State receives its funding in the form of 70% loan/30%
grant monies, they try to keep that ratio as the maximum where possible.  The District is eligible
for this program.

The loans made at the intermediate rate are currently 2.375% over a 35 year period.

9.5 Revenue or General Obligation Bonds

The project can be financed by sale of revenue  or general obligation (property tax) bonds. 
Revenue bonds are backed by revenue generated from the water system.  It takes a simple
majority of the voters to pass a revenue bond issue.

General Obligation (G.O.) Bonds are backed by property tax levies; however, they can be paid
back with revenues from the sewer system.  It takes either a four-sevenths or a two-thirds
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majority to pass a G.O. bond issue depending on the election date.  Because the Owner is a
District, they most likely do not have taxing ability and therefore G.O. Bonds are not an option.

Money can be made available from bonds sold on the open market within a very short time
frame.  If such financing is selected the project could be started as soon as a bond issue is
passed and the design completed.  The project could be under construction in late 2019.

The interest rates for open market sales are higher than the SRF bonds. Current rates on the
open market are around 4.0%.  If an bond issue is needed and passed, it would not be fiscally
advisable to use the open market when low interest loans such as DNR and USDA are available.

9.6 Lease Financing

Another method of obtaining financing for municipal improvements is through lease financing.  In
a lease financing arrangement, the District leases the real property (the project site) to a third
party and the third party then simultaneously leases the project site together with the
improvements back to the District for rental payments that will be sufficient to pay the debt
service on the bonds.  The third party, which is usually a non-profit corporation (new or existing)
or a bank or trust company, obtains the bonds for the project.  This form of financing does not
require voter approval and may be paid back with revenue from the user rates or a proposition
can be taken to the voters to levy new or increased taxes.  In certain circumstances, utility rates
may be raised without voter approval.  This type of financing is typically around 1% higher in
interest rates than open market revenue bond rates; but, it is the quickest option for financing.

10. RECOMMENDATIONS FOR FINANCING

Because the interest rates between the DNR loans and the USDA loans are not that different
and the District could be eligible for grants, it is recommended that applications be made to both. 
Once the agencies determine grant eligibility, the actual funding agency can be selected.

The DNR application must be submitted by March 1, 2020 in order to be eligible for grants; but,
the USDA application can be made at any time.
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11. LOCAL COSTS

The local costs for the project depend upon the financial vehicle used to pay the project costs.  

Besides loan payments, there are other costs associated with the wastewater system that must
be included in the monthly user charge.

Below is a listing of annual operation and maintenance, replacement accounts, sludge disposal,
billing, etc. costs associated with the system:

Replacement Account $  30,900
Sludge Disposal $    7,000
Operator Costs $    9,000
Additional Manpower $  10,400
Billing/Collections $    6,000
Testing $    6,000
Repairs $  10,000
Fees & Permits $    1,000
Electrical Costs $    9,000
Chemicals $    3,000
Operating Equipment $    2,000
Office Rental $    6,000
Miscellaneous Expenses $    5,000
Total O&M Costs $105,300

These costs combined with the financing of the system improvements will determine the total
user costs.

11.1 No Grant Funds Involved

If no grant funds are involved and the project is funded by 100% loan through USDA, it is
estimated that a loan of $5,750,000 will be taken at an interest rate of 2.375% for a period of 35
years.  Such a loan would have an annual payment of $243,800.  A reserve fund must also be
set aside with 10% of the payment being placed into it annually.  This gives a total annual cost
for the system of $373,500.  When split among 280 users, the estimated monthly user charge
would be $111.16.  This is 3.0% of the median household income. 

11.2 Grant Funds Involved

Because of the high user charge based upon 100% loan financing, it is expected that grants can
be obtained.

With a grant and loan combination of $2,300,000 in grants and $3,450,000 in loans the annual
payment would be approximately $146,300.  Combined with the other costs, the total annual
cost for the system would be $266,200.  When split among 280 users, the estimated monthly
user charge would be $79.22 which is 2.14% of the median household income.
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12. RECOMMENDATIONS

It is recommended that this report be reviewed by the District and a decision made on the
recommended improvements and guidance provided on the desired finance method.

Once approved by the District, the Engineering Report can be submitted to USDA for review and
financing.  An anticipated timeline for the project could be as follows:

Submit Report to USDA for funding 01/31/2020
Receive approval and Letter of Intent to fund 06/30/2020
Complete Design 03/31/2021
Obtain DNR & USDA approval of design 09/30/2021
Advertise for Bids 10/31/2021
Begin Construction 01/01/2022
Complete Treatment Plant Construction 12/31/2022
Complete Collection System Construction 06/30/2023

.
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Figure 4, PROPOSED COLLECTION SYSTEM 
IMPROVEMENTS
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Figure 5, PROPOSED SBR LAGOON LAYOUT

























































Applicant: Project No.:

Facility:

Missouri State 
Operating 
Permit No.:

Date Reviewed: County:

Total Project Amount: Potential Grant:

POPULATION
Total population served by project

Population of municipality or service area = 773 Ineligible, Pop. > 10,000
Population 3,300 or less 50
Population of 3,301 to 7,500
Population of 7,501 to 10,000
UNEMPLOYMENT RATE
Comparison of municipality or service area unemployment with State Average

Recipient Unemployment Rate = 3.0% State Unemployment Rate = 5.8%
Unemployment Rate > 1% above State Average
Unemployment Rate ± 1% State Average
Unemployment Rate > 1% below State Average 0
INCOME
Comparison of municipality or service area Median Household Income (MHI) with State average

Recipient MHI = $44,509 State MHI = $52,801 75% of State MHI = $39,600.75
MHI < 75% of State MHI
MHI 75% to 100% of State MHI 30
MHI > State MHI
Proposed User Rates in municipality or service area as percentage of MHI

Recipient User Rate = Recipient MHI =
User Rates ≥ 2% MHI 75
User Rates 1.5 to < 2%
User Rates 1 to <1.5%       (user rate X 12 months) / Recipient MHI X 100 = 3.0%
User Rates < 1% MHI
OTHER RELEVANT SOCIOECONOMIC DATA
Percentage of Households Below Poverty Level

Households Below Poverty Level = State Average = 14.6%
Households Below Poverty Level >10% above State Average
Households Below Poverty Level ± 10% State Average 30
Households Below Poverty Level >10% below State Average
POPULATION TREND
Population during the last 5 years (including the last decennial census)
Population decline or stagnant 20
Population growth

195 Points required for SRF Grant Eligibility = YES 205
MO 780-2854 (03-19)

19.0%

$44,509

$5,736,500

Ste. Genevieve

Water Protection Program, Financial Assistance Center
Clean Water State Revolving Fund Grant Eligibility Evaluation Form 

The amount of additional subsidization (ie grant) funds available to Missouri Clean Water State Revolving Fund  
projects each year is determined by a formula in federal statute. Pursuant to the Federal Water Pollution Control 
Act section 603(i), the Missouri Department of Natural Resources’ developed this evaluation form to determine 
Clean Water State Revolving Fund grant eligibility based on affordability. As available grants are limited, this 
evaluation provides the Department with a means to identify eligible grant recipients and obligate grant funds to 
applicants with the greatest need each year through a spending plan, referred to as the Clean Water State 
Revolving Fund Intended Use Plan. 
This evaluation indicates the project IS/IS NOT grant eligible. This evaluation provides a grant eligibility score that 
will assist the Department to prioritize funding among eligible applicants in [Fiscal Year xxxx] Clean Water State 
Revolving Fund Intended Use Plan. However, this evaluation represents an eligibility determination and is not a 
binding commitment or an actual award of financial assistance. Applicants have 2 years from the date of the 
Intended Use Plan to utilize the funds. In the event the loan and grant are not awarded within this timeframe, 
the applicant will need to re-compete for both the loan and grant funds by re-applying.

$111.16

MO-0035742

Lake Forest Clean Water District

Lake Forest Estates

User
Typewritten Text
Exhibit 2, Grant Eligibility Form
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