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1 Description of Need 

1.1 Background 

The Boone County Regional Sewer District (District) owns and operates the following Wastewater 
Treatment Facilities (WWTF): 

1. Cedar Gate WWTF is located approximately 800 feet east of the intersection of Route B 
and E. Kemper Road southwest of Hallsville, MO. It is a two-cell aerated lagoon which 
currently serves approximately 28 homes. It discharges effluent into an unnamed tributary 
to Varnon Branch and is in the Upper Hinkson Creek Watershed. 

2. Richardson Acres WWTF is located approximately 600 feet west of Route B and 2,400 feet 
south of Mt. Zion Church Road. It is a two-cell aerated lagoon which currently serves 
approximately 24 homes. It discharges effluent into an unnamed tributary to Clays Fork and 
is in the Rocky Fork Creek Watershed. 

3. Brown Station WWTF located approximately 650 feet north of the intersection of North 
Brown Station Road and O’Rear Road. It is a recirculating sand filter which currently serves 
approximately six homes. It discharges effluent into Clays Fork and is in the Rocky Fork 
Creek Watershed. 

The Missouri State Operating Permits for all three WWTF’s have expired on the following dates: 

1. Cedar Gate WWTF: November 8, 2012 

2. Richardson Acres WWTF: March 31, 2020 

3. Brown Station WWTF: March 31, 2020 

Each of these permits included effluent limitations for Biological Oxygen Demand (BOD), Total 
Suspended Solids (TSS), and ammonia. The Permits for these WWTFs can be found in Appendix 
A. 

The District faces several challenges regarding the continuing operation of these WWTFs.  In order 
to meet the above listed ammonia limitations, the WWTFs need to be upgraded. Although these 
permits do not currently have effluent limitations for bacteria, it is anticipated that future permits will 
include bacteria limitations which will require the implementation of disinfection facilities to maintain 
compliance. 

Future impacts regarding the addition of removal requirements for nutrients, such as total nitrogen 
and total phosphorous, are also expected to occur within upcoming permit renewal cycles.  
Therefore, it is prudent to consider these future requirements in the planning and design of any 
improvements to these facilities. 

In addition to addressing the wastewater treatment needs for the Cedar Gate, Richardson Acres 
and Brown Station WWTFs, this Facility Plan also provides for the piping infrastructure for 
conveying wastewater flows from four other existing treatment facilities to the District’s Rocky Fork 
WWTF as part of Alternative 3. These four facilities are not currently owned or operated by the  
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District and are listed below. 

1. City of Hallsville, MO 

2. Hallsville United Methodist Church 

3. Oak Ridge Mobile Home Park 

4.  Hillcrest Residential Care WWTP 

1.2 Project Purpose 

The purposes of the Facility Plan are as follows: 

1. Develop and evaluate three alternatives to address current and future wastewater 
treatment needs within the study area over the next 20 years and beyond for the District’s 
Cedar Gate WWTF, the Richardson Acres WWTF and the Brown Station WWTF. 

a. Alternative No. 1: Make no improvements to the existing facilities. 

b. Alternative No. 2: Improve existing WWTFs to meet current and anticipated future 
MDNR regulations. 

c. Alternative No. 3: Construct one pump station at each WWTF site, a booster pump 
station at Brown Station and associated force mains that will discharge wastewater 
into the District’s sanitary sewer collection system. The wastewater will be treated 
at the District’s Rocky Fork WWTF. Each existing WWTF will be decommissioned. 

 
2. Recommend the most feasible alternative that meets the 20-year need for wastewater 

service within the study area and meets the current and proposed regulations. 
3. Provide estimates of construction and operations/maintenance costs.  
4. Provide an estimated project schedule. 

1.3 Scope 

This Facility Plan has been prepared in accordance with the requirements specified in RSMO, 10-
CSR 20-4 of the Missouri Codes of Rules and Regulations.  Additionally, this Facility Plan was 
developed in conformance with RSMO 10-CSR 20-8 and most specifically, 10-CSR 20-8.10, 
entitled “Engineering – Reports, Plan, and Specifications”. 

The specific scope of this Facility Plan was developed to meet the following requirements of 
MDNR: 

1. The recommended plan shall meet state and federal design criteria.  The design 
criteria of the project shall be accepted by all state agencies responsible for issuing 
construction and operating permits for wastewater systems. 

2. The recommended plan shall be technologically compatible with the topography and 
geology of the area and the administrative and operational capabilities of the District. 

3. All equipment and processes shall have a demonstrated proven record of 
performance under similar environmental and cultural conditions.   The equipment 
selected must be accepted by the District as being capable of performing for the life of 
the indebtedness with reasonable operations and maintenance requirements.  The 
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equipment and processes must be evaluated in terms of long-term operational and 
managerial cost implications. 

4. All required construction techniques should be common to the State of Missouri, thus 
encouraging competitive pricing in construction contracts.  Property owners, road and 
highway commissions, and other utility owners should accept the required 
construction techniques, including temporary disturbances as well as resulting 
permanent structures. 

The project costs shall be established such that loan commitments can be obtained from 
participation in the MDNR State Revolving Fund (SRF) Loan program. 


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2 Projected Population, Flows, and Wastewater 
Loadings 

The existing wastewater flows currently treated by the Cedar Gate, Richardson Acres and Brown 
Station WWTFs and anticipated future design flows are discussed in the following sections. The 
wastewater flows from the WWTFs not owned and operated by the District are also included in this 
Section. 

2.1 Existing Wastewater Flows 

Table 2-1 below summarizes the available flow data for the Cedar Gate, Richardson Acres, Brown 
Station, Hallsville United Methodist Church, Oak Ridge Mobile Home Park and Hillcrest Residential 
Care Facility WWTFs. The permitted design flow and the permitted actual flow are taken from each 
facility’s operating permit, while the average flow was calculated based upon the Daily Monitoring 
Reports (DMRs). The available DMRs for the WWTFs include flow data from 2015 to 2019.  

Table 2-1 Permitted & Monitored Flows 

WWTF 
Permit Design 

Flow 
(gpd) 

Permit Actual 
Flow 
(gpd) 

DMR Average 
Flow 
(gpd) 

Cedar Gate 11,000 4,348 2,043 

Richardson Acres  8,510 3,198 3,704 

Brown Station 1,850 1,600 1,311 

City of Hallsville1 197,650 149,568 - 

Hallsville United Methodist Church1 587 Not Available - 

Oak Ridge Mobile Home Park1 9,000 Not Available - 

Hillcrest Residential Care WWTF1 3,075 2,000 - 

1Facility is not owned or operated by the Boone County Regional Sewer District. 

It is noted that the values derived for average daily flow (ADF) from the DMRs are gathered on a 
quarterly basis and can vary significantly from sampling event to sampling event. Due to the wide 
variations in the reported flow, this Facility Plan will not rely on the reported flow data.  Additional 
analysis utilizing MDNR guidelines for deriving wastewater flow will be employed.  Those 
guidelines are as follows: 

The MDNR Code of State Regulations 10 CSR 20-8.020, Section 11 allows for the following 
design criteria for single family residences: 

Density = 3.7 persons/residence 
Design flow = 75-100 gallons/capita/day. The more conservative value of 100 
gallons/capita/day will be used in the calculation of the design flow. 

Peak factors within the system are calculated in accordance with 10 CSR 20-8.110: 

 
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Cedar Gate Existing Service Area 

All dwellings within the existing service area are single family residences, except for one 
abandoned convenience store. This Facility Plan will consider the wastewater contribution of the 
abandoned convenience store to be the equivalent of one single family residence. The actual 
number of houses within the existing service area was determined from information provided by 
the District and an analysis of aerial mapping. The Cedar Gate WWTF currently serves 29 lots. 

Applying the above referenced MDNR guidelines, the existing wastewater flows and peak factors 
to the Cedar Gate WWTF are calculated in Table 2-2. 

Table 2-2 Cedar Gate Design Data for Existing Service Area 

WWTF 
Existing 

Dwellings  
(each) 

Calculated  
Population      
(persons) 

Design 
Flow      
(gpd) 

Peak 
Flow 

Factor 

Peak 
Flow     
(gpd) 

Peak 
Flow     
(gpm) 

Cedar Gate  29 107 10,730 4.24 45,440 32 

 

Richardson Acres Existing Service Area 

All dwellings within the existing service area are single family residences. The actual number of 
houses within the existing service area was determined from information provided by the District 
and an analysis of aerial mapping. The Richardson Acres WWTF currently serves 22 lots. 

Applying the above referenced MDNR guidelines, the existing wastewater flows and peak factors 
to the Richardson Acres WWTF are calculated in Table 2-3. 

Table 2-3 Richardson Acres Design Data for Existing Service Area 

WWTF 
Existing 

Dwellings  
(each) 

Calculated  
Population      
(persons) 

Design 
Flow      
(gpd) 

Peak 
Flow 

Factor 

Peak 
Flow     
(gpd) 

Peak 
Flow     
(gpm) 

Richardson Acres  22 81 8,140 4.27 34,730 24 

 

Brown Station Existing Service Area 

All dwellings within the existing service area are single family residences. The actual number of 
houses within the existing service area was determined from information provided by the District 
and an analysis of aerial mapping. The Brown Station WWTF currently serves six lots. 

Applying the above referenced MDNR guidelines, the existing wastewater flows and peak factors 
to the Brown Station WWTF are calculated in Table 2-4. 

Table 2-4 Brown Station Design Data for Existing Service Area 

WWTF 
Existing 

Dwellings  
(each) 

Calculated  
Population      
(persons) 

Design 
Flow      
(gpd) 

Peak 
Flow 

Factor 

Peak 
Flow     
(gpd) 

Peak 
Flow     
(gpm) 

Brown Station  6 22 2,220 4.37 9,710 7 
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City of Hallsville Existing Service Area 
This Facility Plan includes the District receiving wastewater flows from the City of Hallsville and 
conveying them to the District’s sanitary sewer collection system.    

The wastewater flows will be derived from actual population data from 
“worldpopulationreview.com”. According to the website, the City of Hallsville has a projected 
population of 1,586 in 2020.   

Using the same MDNR CSR guidelines referenced above, the design wastewater flows generated 
by the existing population within the Hallsville Service Area are shown in Table 2-5. 

Table 2-5 City of Hallsville Design Data for Existing Service Area 

WWTF 

Existing 
Dwellings  

(each) 

Reported   
Population      
(persons) 

Design 
Flow      
(gpd) 

Peak 
Flow 

Factor 

Peak Flow     
(gpd 

Peak Flow     
(gpm) 

Hallsville - 1,586 158,600 3.66 580,780 403 

 

Hallsville United Methodist Church 

Hallsville Methodist Church is a church located on Route B approximately 2 miles south of 
Hallsville. The District has no information regarding the service area for this WWTF, but according 
to its Operating Permit it has a population of 8 and a design flow of 587.  

Applying the above referenced MDNR guidelines, the estimated existing wastewater flows and 
peak factors for the Church are calculated in Table 2-6. 

 
Table 2-6 Hallsville United Methodist Church Design Data for Existing Service Area 

WWTF 
Existing 

Dwellings  
(each) 

Permit  
Population      
(persons) 

Design 
Flow      
(gpd) 

Peak 
Flow 

Factor 

Peak 
Flow     
(gpd) 

Peak 
Flow     
(gpm) 

Hillcrest Residential 
Care  - 8 587 4.33 13,319 

 
2 

 

Oak Ridge Mobile Home Park Existing Service Area 

All dwellings within the existing service area appear to be single family residences, consisting of a 
mixture of permanent residences and mobile homes. The District has no information regarding the 
service area for this WWTF. Aerial mapping indicates there are approximately 29 residences on 
the property. 
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Applying the above referenced MDNR guidelines, the estimated existing wastewater flows and 
peak factors for the Oak Ridge Mobile Home Park are calculated in Table 2-7. 

Table 2-7 Oak Ridge Mobile Home Park Design Data for Existing Service Area 

WWTF 
Existing 

Dwellings  
(each) 

Calculated  
Population      
(persons) 

Design 
Flow      
(gpd) 

Peak 
Flow 

Factor 

Peak 
Flow     
(gpd) 

Peak 
Flow     
(gpm) 

Oak Ridge Mobile 
Home Park 29 107 10,730 4.24 45,440 

 
32 

 

Hillcrest Residential Care Existing Service Area 

Hillcrest Residential Care Facility is a small privately owned and operated assisted living facility. 
The District has no information regarding the service area for this WWTF, but according to its 
Operating Permit it has a population of 41 and a design flow of 3,075.  

Applying the above referenced MDNR guidelines, the estimated existing wastewater flows and 
peak factors for the Hillcrest Residential Care Facility are calculated in Table 2-8. 

Table 2-8 Hillcrest Residential Care Design Data for Existing Service Area 

WWTF 
Existing 

Dwellings  
(each) 

Calculated  
Population      
(persons) 

Design 
Flow      
(gpd) 

Peak 
Flow 

Factor 

Peak 
Flow     
(gpd) 

Peak 
Flow     
(gpm) 

Hillcrest Residential 
Care  - 41 3,075 4.33 13,300 

 
9 

 

2.2 Projected Population and Wastewater Flows for Respective 
Service Areas 

Cedar Gate Future Service Area 

The District anticipates no future growth in the existing Cedar Gate Service Area. Therefore, the 
total projected design wastewater flows generated by existing development with no future 
development within the service area are shown in Table 2-2. 

Richardson Acres Future Service Area 

A potential future service area defined by the District includes approximately 102 acres west of the 
existing Richardson Acres Service Area that is not currently served by the Richardson Acres 
WWTF. Assuming a similar development density of 5.4 acres per lot in the future service area, the 
District would anticipate an additional 19 (102 acres/5.4 acres/lot) single family residences may be 
constructed on the 102-acre tract. The additional future wastewater flow from an anticipated 19 
homes should be accounted for in the planning of the future improvements in the service area. 
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Table 2-9 shows the current and projected number of houses in the service area for the 
Richardson Acres WWTF. 

Table 2-9 Houses in Service Area 

WWTF 
Current Houses in 

Service Area 
(houses) 

Anticipated 
Additional Houses in 
Future Service Area 

(houses) 

Anticipated Total 
Houses in Future 

Service Area 
(houses) 

Richardson Acres 22 19 41 

 

Population data specifically for the potential service area doesn’t exist, so the determination of 
projected wastewater flows cannot be calculated by common population methodologies. Therefore, 
the same MDNR CSR guidelines used in Section 2.1 above will be used for this analysis, as well. 

The total projected design wastewater flows generated by existing and future development within 
the service area are shown in Table 2-10 

Table 2-10 Projected Future Wastewater Flows 

WWTF 

Total 
Service 

Area 
(homes) 

Total 
Service 

Area 
Population 
(persons) 

Projected 
Average 

Wastewater 
Flow  
(gpd) 

Peak 
Flow 

Factor 

Projected 
Peak 

Wastewater 
Flow 
(gpd) 

Projected 
Peak 

Wastewater 
Flow 
(gpm) 

Richardson 
Acres 

41 152 15,170 4.19 63,550 44 

 

Brown Station Future Service Area 

A potential future service area defined by the District includes approximately 23 homes that are not 
currently served by the Brown Station WWTF. The additional future wastewater flow from an 
anticipated 23 homes should be accounted for in the planning of the future improvements in the 
service area. 

Table 2-11 shows the current and projected number of houses in the service area for the Brown 
Station WWTF. 

Table 2-11 Houses in Service Area 

WWTF 

Current Service 
Area 

(houses) 

Anticipated 
Additional in Future 

Service Area 
(houses) 

Anticipated Total in 
Future Service 

Area 
(houses) 

Brown Station 6 23 29 

 

Population data specifically for the potential service area doesn’t exist, so the determination of 
projected wastewater flows cannot be calculated by common population methodologies. Therefore, 
the same MDNR CSR guidelines used in Section 2.1 above will be used for this analysis, as well. 

  





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The total projected design wastewater flows generated by existing and future development within 
the service area are shown in Table 2-12. 

Table 2-12 Projected Future Wastewater Flows 

WWTF 

Total 
Service 

Area 
(homes) 

Total 
Service 

Area 
Population 
(persons) 

Projected 
Average 

Wastewater 
Flow 
(gpd) 

Peak 
Flow 

Factor 

Projected 
Peak 

Wastewater 
Flow 
(gpd) 

Projected 
Peak 

Wastewater 
Flow      
(gpm) 

Brown Station 29 107 10,730 4.24 45,442 32 

 

Hallsville Future Service Area 
This Facility Plan includes the District receiving wastewater flows from the City of Hallsville and 
conveying them to the District’s sanitary sewer collection system.    

The wastewater flows will be derived from actual population data from 
“worldpopulationreview.com”. According to the website, the City of Hallsville has a projected 
population of 1,586 in 2020. Assuming 1% growth per year over the next 20 years, the population 
will be 1,935 in 2040. 

Using the same MDNR CSR guidelines used in Section 2.1 above, the total projected design 
wastewater flows generated by existing and future population within the Hallsville Service Area are 
shown in Table 2-13. 

Table 2-13 Projected Future Wastewater Flows 

WWTF 

Total 
Service 

Area 
(homes) 

Reported 
Population 
(persons) 

Projected 
Average 

Wastewater 
Flow 
 (gpd) 

Peak 
Flow 

Factor 

Projected 
Peak 

Wastewater 
Flow 
(gpd) 

Projected 
Peak 

Wastewater 
Flow 

  (gpm) 

Hallsville - 1,935 193,510 3.60 696,030 483 

 
It is noted that the projected average wastewater flow of 193,510 gpd is within 10% of the average 
daily design flow of 212,622 gpd for the Hallsville WWTF, as shown on its Operating Permit. This 
Facility Plan will use the more conservative wastewater flow value for average day flow of 212,644 
gpd or 148 gpm. 
 
According to the Missouri Operating Permit, the City of Hallsville has approximately 53,992,000 
gallons of storage volume in its lagoons. It is anticipated that these lagoons will be used to store 
peaks flows in the system. 

Hallsville United Methodist Church 

It is assumed there will be no future growth at the Church. Therefore, the total projected design 
wastewater flows generated by the existing population will equal the future projected design 
wastewater flows. The flows are shown in Table 2-6. 

 

 

 





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Oak Ridge Mobile Home Park Future Service Area 

It is assumed there will be no future growth at the Mobile Home Park. Therefore, the total projected 
design wastewater flows generated by the existing population will equal the future projected design 
wastewater flows. The flows are shown in Table 2-7. 

 

Hillcrest Residential Care Facility Future Service Area 

It is assumed there will be no future growth at the Facility. Therefore, the total projected design 
wastewater flows generated by the existing population will equal the future projected design 
wastewater flows. The flows are shown in Table 2-8. 

 

Summary of Wastewater Flows 

Table 2-14 summarizes the current ADF, anticipated future ADF and current peak flows from the 
facilities included in this Section. 

Table 2-14 Summary of Wastewater Flows 

WWTF 
Current Design 

ADF 
(gpd) 

Future Design 
ADF 
(gpd) 

Current Design 
Peak Flow 

(gpm) 

Cedar Gate 10,730 10,730 32 

Richardson Acres  8,140 15,170 24 

Brown Station 2,220 10,730 7 

City of Hallsville 158,6001 212,6442 1483 

Hallsville United Methodist Church 587 587 2 

Oak Ridge Mobile Home Park 10,730 10,730 32 

Hillcrest Residential Care WWTF 3,075 3,075 9 

1Estimated population values were used to determine ADF. See discussion under Table 2-13. 

2The ADF from the Operating Permit is used. See discussion under Table 2-13. 

3This value is for ADF and is not a peak flow. See discussion under Table 2-13. 
  





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2.3 Wastewater Loadings 
 
Cedar Gate 
Table 2-15 shows a summary of the DMRs provided taken from MDNR's Clean Water Information 
System 2015 to 2019.  The data from the DMRs can be found in Appendix C. 

Table 2-15 Wastewater Loadings Cedar Gate 

Parameter Value 

Flow (Jan 2015 to Dec 2019) 

Average Daily Flow (gpd) 2,043 

Max Daily Flow (gpd) 14,000 

Influent Concentrations (Jan 2015 to Dec 2019) 

Average BOD5 (mg/L) 329.4 

Max BOD5 (mg/L) 426 

Average TSS (mg/L) 309.2 

Max TSS (mg/L) 420 

Effluent Concentrations (Jan 2015 to Dec 2019) 

Average BOD5 (mg/L) 24.6 

Average TSS (mg/L) 22.1 

Effluent Ammonia (Jan 2015 to Dec 2019) 

Average Ammonia (mg/L) 17.4 

 

There is no data available for ammonia concentration in the WWTF’s influent flow. For the purpose 
of this Facility Plan, the influent ammonia concentration will be assumed to be 35 mg/L, which is 
typical for domestic type wastewater. As additional data becomes available, this concentration may 
be adjusted during the design phase, if necessary. 
 
  





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Richardson Acres 
 
Table 2-16 shows a summary of the DMRs provided by the District from 2015 to 2019. The data 
from the DMRs can be found in Appendix C. 
 

Table 2-16 Wastewater Loadings Richardson Acres 

Parameter Value 

Flow (Jan 2015 to Dec 2019) 

Average Daily Flow (gpd) 3,704 

Max Daily Flow (gpd) 5,700 

Influent Concentrations (Jan 2015 to Dec 2019) 

Average BOD5 (mg/L) 113 

Max BOD5 (mg/L) 190 

Average TSS (mg/L) 45.1 

Max TSS (mg/L) 72 

Effluent Concentrations (Jan 2015 to Dec 2019) 

Average BOD5 (mg/L) 15.5 

Average TSS (mg/L) 22.7 

Effluent Ammonia (Jan 2015 to Dec 2019) 

Average Ammonia (mg/L) 3.9 

 

The DMRs show the District began monitoring effluent ammonia at the Richardson Acres WWTF in 
March 2007. However, there is no data available for ammonia concentration in the WWTF’s 
influent flow. For the purpose of this Facility Plan, the influent ammonia concentration will be 
assumed to be 35 mg/L, which is typical for domestic type wastewater. As additional data becomes 
available, this concentration may be adjusted during the design phase, if necessary. 
 
  





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Brown Station 
 
Table 2-17 shows a summary of the DMRs provided by the District from 2011 to 2016. The data 
from the DMRs can be found in Appendix C. 
 

Table 2-17 Wastewater Loadings Brown Station 

Parameter Value 

Flow (Jan 2015 to Dec 2019) 

Average Daily Flow (gpd) 1,311 

Max Daily Flow (gpd) 2,880 

Influent Concentrations (Jan 2015 to Dec 2019) 

Average BOD5 (mg/L) Not Available 

Max BOD5 (mg/L) 
Not Available 

Average TSS (mg/L) 
Not Available 

Max TSS (mg/L) 
Not Available 

Effluent Concentrations (Jan 2015 to Dec 2019) 

Average BOD5 (mg/L) 3.6 

Average TSS (mg/L) 3.7 

Average Ammonia (mg/L) 0.8 

 

The DMRs show the District began monitoring effluent ammonia at the Brown Station WWTF in 
June 2011. However, there is no data available for ammonia concentration in the WWTF’s influent 
flow. For the purpose of this Facility Plan, the influent ammonia concentration will be assumed to 
be 35 mg/L, which is typical for domestic type wastewater. As additional data becomes available, 
this concentration may be adjusted during the design phase, if necessary. 
 

 

 





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3 Existing Facility Description 
 This section provides a description of the existing facilities evaluated in this Facility Plan. 

3.1 Cedar Gate WWTF 

 Permit No.: MO-0096415 
 Receiving Stream: Unnamed Tributary to Varnon Branch (U) 
 Two-cell lagoon, aerated lagoon/sludge is retained in lagoon 
 Permitted Design Flow is 11,000 gallons per day 
 Permitted Actual flow is 4,348 gallons per day 
 Average BOD is 329 mg/L 
 Average TSS is 309 mg/L 

3.2 Richardson Acres WWTF 

 Permit No.: MO-0115185 
 Receiving Stream: Unnamed Tributary to Clay Forks 
 STEP system/two-cell lagoon with aerated primary cell/sludge is retained in septic tanks 

and lagoon/sludge hauled to another treatment facility by owner 
 Permitted Design Flow is 8,510 gallons per day 
 Permitted Actual flow is 3,400 gallons per day 
 Average BOD is 113 mg/L 
 Average TSS is 45 mg/L 

3.3 Brown Station WWTF 

 Permit No.: MO-035305 
 Receiving Stream: Clay Forks 
 STEP system/recirculating sand filter/sludge hauled to another treatment facility by owner 
 Permitted Design Flow is 1,850 gallons per day 
 Permitted Actual flow is 1,600 gallons per day 
 Average BOD is 89 mg/L 
 Average TSS is 44 mg/L 

3.4 Current NPDES Permits 

A copy of the current NPDES Permits for the Cedar Gate WWTF, the Richardson Acres WWTF 
and the Brown Station WWTF are included in Appendix A. 

3.5 Boone County Regional Sewer District’s Existing Collection 
and Treatment Facilities 

The District has verified that its wastewater collection system and the Rocky Fork WWTF can 
accommodate the anticipate wastewater flows, if Alternative No. 3 “Conveyance to the District’s 
Sanitary Sewer System” is the selected alternative.





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4 Wastewater Facilities Improvements Alternatives 
This section will evaluate three alternatives which may be used to address the need for 
improvements at the Cedar Gate WWTF, the Richardson Acres WWTF and the Brown Station 
WWTF. 

4.1 Alternative No. 1 – Take No Action 

This alternative consists of taking no action to upgrade the existing WWTFs.  As discussed in 
Section 1.1, the existing facilities will be required to meet more stringent effluent ammonia 
limitations and is anticipated to require disinfection under future permits.  Additionally, the stated 
policy of MDNR is to eliminate small individual treatment works whenever possible.  Alternative No. 
1 would ultimately result in NPDES permit violations and would expose the District to additional 
liabilities, significant fines and further punitive action by MDNR. Therefore, this alternative is not 
recommended. 

4.2 Alternative No. 2 – Improve Existing Facilities 

This alternative consists of making the necessary improvements to the Cedar Gate WWTF, 
Richardson Acres WWTF, and Brown Station WWTF to meet the anticipated future permit 
requirements for these facilities. Currently, effluent ammonia limits of 0.6 mg/l and 2.0 mg/l for 
summer and winter conditions are anticipated.  This will require the WWTF’s to fully nitrify in 
summer conditions, as well as provide an environment suitable to achieve partial nitrification in the 
cold winter months, which is challenging for lagoon systems.  Regarding future nutrient limits, the 
Missouri Department of Natural Resources has indicated that these will likely not apply to WWTF’s 
with a design permitted flow below 1.0 MGD.  Lastly, effluent E. Coli requirements are anticipated 
within the next permit cycle therefore, new effluent disinfection facilities have been included within 
this alternative. 

4.2.1 Cedar Gate WWTF Improvements 
The existing Cedar Gate WWTF is a two celled lagoon system that can meet its technology-based 
limits for effluent BOD and TSS.  However, the lagoon system is not capable of year-round 
consistent nitrification and will require improvements to address these future limits.  The bacteria 
needed to achieve nitrification to remove ammonia require more oxygen than those required to 
remove BOD.  In addition, cold temperatures have a negative impact on these bacteria.  The 
existing Cedar Gate WWTF site also poses the challenge of limited site availability and thus a 
compact nitrification system is recommended. 

4.2.1.1 NITRIFICATION 

To address these limitations, it is proposed to construct a compact effluent polishing system that 
consists of a dual cell nitrification reactor which utilizes a plastic carrier media in conjunction with 
wastewater temperature supplement to achieve year-round nitrification.  This system is provided 
by Triple Point Environmental as their NitrOx system.  These dual cell reactors operate in series 
and would be installed at the Cedar Gate WWTF. The effluent from the existing lagoon treatment 
system will be directed to the new reactors via the addition of a new package pump station with 
submersible grinder type pumps.  The pump station would contain two pumps operated in a one 





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firm and one standby configuration.  The carrier media within the reactors provides a high surface 
area in which nitrifying bacteria can attach to and grow.  A supplemental heating element allows 
the design water temperature to stay above 5 degree C which promotes nitrification.  Air is 
provided via coarse bubble diffusers and two small positive displacement blowers in a one firm and 
one standby configuration.  Carrier media is retained within each respective reactor via retention 
screens.  To help aid in basin heat retention, the reactors are also covered with floating insulated 
covers.  Effluent from the nitrifying reactors would then flow to third concrete cell that would 
provide for the reduction of effluent TSS through a new final clarifier.  Prior to discharge, flow 
would then receive effluent disinfection. 
 
The process flow schematic illustrated below in Figure 4-1 illustrates the flow path from the existing 
lagoon system to the proposed process improvements and outfall.  The proposed process 
improvements include an intermediate pump station, NitrOx System, final clarifier, and a UV 
disinfection system. 

 
Figure 4-1 Proposed Cedar Gate WWTF Process Flow Schematic 

4.2.1.2 DISINFECTION 

While several options for disinfection are available, the most feasible options for the existing facility 
are likely ultraviolet (UV) disinfection or chlorine tablets. 

UV disinfection offers a non-chemical alternative that is effective in deactivating microorganisms.  
Systems can be installed in a small footprint which benefits existing facilities with little room for 
expansion.  During the disinfection season, power consumption will result in higher energy costs 
as compared to chlorine disinfection and maintenance must be performed by trained personnel. 
However, for facilities of this size, these are considered to be minor impacts, and in the opinion of 
this Facility Plan, should not be the basis of selecting a disinfection technology. It is estimated UV 
lamps must be replaced every two years, wiper assemblies every two years, and ballasts every 
five years.  Regular cleaning of the quartz sleeves may be required depending on the effluent 
quality.  

Chlorine can be fed as a solid tablet.  Limits on the total residual chlorine in the effluent will require 
dechlorination.  Limited storage volume makes frequent monitoring of tablet quantities necessary, 
especially during peak flow events when high tablet consumption can be experienced.  Control of 
administered dosage is difficult, providing potentially inconsistent treatment results.  Although it 
has the lowest operation and maintenance costs, increased safety risks and security risks 
associated with chlorine tablets and compliance with chlorine residual requirements make this 
alternative less desirable. Therefore, considering long term performance and operational safety, 
UV is the recommended disinfection alternative.   
The proposed dual cell reactor NitrOx system would be installed on site between the two lagoon 
cells, such that no land acquisition would be required.  Figure 4-2 detailing the proposed location of 
the NitrOx system is included below. 





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Figure 4-2 Proposed Cedar Gate WWTF Nitrification System Location 

4.2.2 Richardson Acres WWTF Improvements 
Richardson Acres WWTF will require similar nitrification and disinfection improvements in order to meet 
future ammonia removal and effluent bacteria limitations at the design rated flows. See section 4.2.1 for 
nitrification discussion. The site, as shown in Figure 4-3, has a larger footprint than that of the Cedar 
Gate WWTF and thus a compact nitrification system is not essential.  Instead, a larger footprint 
nitrification system is suitable. 
 

 
Figure 4-3 Richardson Acres WWTF Site Layout 

4.2.2.1 NITRIFICATION 

One treatment technology evaluated would include the construction of a dual cell nitrification reactor 
which utilizes granular media and aeration for nitrification.  This dual cell reactor would be installed as 
shown in Figure 4-3. The effluent from the existing lagoons will be split between the two cells and flow 
horizontally across the granular media for forced air dispersion. The cells will be lined with a 





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geomembrane liner and contain diffuser tubing beneath the granular media. In this configuration, 
ammonia removing microorganisms (nitrifiers) grow on media in an attached growth process which the 
wastewater passes through.  The cells would contain an insulating mulch layer to enhance performance 
during colder winter months.  
At the site, the effluent from the dual cell reactor will be pumped to a disinfection facility. This will allow 
the disinfection equipment to be installed at grade to allow for better equipment access for routine 
maintenance. The pump station would have a duty and standby pump to ensure continuous, reliable 
operation of the WWTF. 
The process flow schematic illustrated below in Figure 4-4 illustrates the flow path from the existing 
lagoon system to the proposed process improvements and outfall.  The proposed process 
improvements include an intermediate pump station, SAGR System, and a UV disinfection system. 
 

 
Figure 4-4 Proposed Richardson Acres WWTF Process Flow Schematic 

4.2.2.2 DISINFECTION 

While several options for disinfection are available, the most feasible options for the existing facility 
are ultraviolet (UV) disinfection or chlorine tablets. See section 4.2.1.1 for a description and 
comparison of UV disinfection and chlorine tablets.  Considering long term performance, 
operational safety, and residual removal requirements associated with chlorine, UV is the 
recommended disinfection alternative at the Richardson Acres WWTF.  

4.2.3 Brown Station WWTF Improvements 
Brown Station WWTF will require similar nitrification improvements in order to meet effluent ammonia 
limits. See section 4.2.1 for nitrification details. The site, as shown in Figure 4-5, has a larger footprint 
than that of Cedar Gate WWTF and thus a compact nitrification system is not essential. Instead, a 
larger footprint nitrification system is suitable. 
 



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Figure 4-5 Brown Station WWTF Site Layout 

4.2.3.1 NITRIFICATION 

It is proposed to utilize an identical dual cell reactor as the proposed reactor at the Richardson Acres 
WWTF, at the Brown Station WWTF.  The effluent from the dual cell reactor will be pumped to a 
disinfection facility. This will allow the disinfection equipment to be installed at grade to allow for better 
equipment access for routine maintenance. The pump station would have a duty and standby pump to 
ensure continuous, reliable operation of the WWTF. 
The process flow schematic illustrated below in Figure 4-6 illustrates the flow path from the existing 
recirculating sand filter system to the proposed process improvements and outfall.  The proposed 
process improvements include an intermediate pump station, SAGR System, and a UV disinfection 
system. 
 

 
Figure 4-6 Proposed Brown Station WWTF Process Flow Schematic 

4.2.3.2 DISINFECTION 

While several options for disinfection are available, the most feasible options for the existing facility 
are ultraviolet (UV) disinfection or chlorine tablets. See section 4.2.1.1 for a description and 
comparison of UV disinfection and chlorine tablets.  Considering long term performance and 
operational safety, UV is the recommended disinfection alternative at the Brown Station WWTF. 
 
Estimated Costs for Cedar Gate, Richardson Acres and Brown Station WWTFs 
 
Cost for the anticipated WWTF improvements at the Cedar Gate, the Richardson Acres and the Brown 
Station WWTFs are estimated below.  Costs are presented in 2020 dollars.  A more detailed breakdown 
of costs is presented in Appendix G. 



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Table 4-1 Alternative No. 2: Cedar Gate, Richardson Acres and Brown Station WWTFs Estimated 
Project Cost Estimate 

Item Description Cost 

Treatment System Improvements $2,383,000 

Easement Acquisition $6,000 

Engineering and SRF Closing Costs $528,000 

Total Project $2,917,000 

 
In addition to the anticipated capital costs, an O&M cost estimate was developed for this alternative. 
The estimate includes only the estimated “additional” applicable power, labor, and replacement costs  
associated with the improvements.  
 

Table 4-2 Alternative No. 2: Cedar Gate, Richardson Acres and Brown Station WWTFs Estimated 
Annual O&M Cost Estimate 

Item Description Cost 

Power $12,200 

Labor $31,200 

Equipment Replacement $19,200 

Total $62,600 

4.3 Alternative No. 3 – Conveyance to the District’s Sanitary Sewer 
System 

This alternative consists of decommissioning the WWTFs at Cedar Gate, Richardson Acres and 
Brown Station from service and installing a pump station near each facility. Pumped wastewater 
flow from the new pump stations will be conveyed through new force mains and discharged to the 
District’s sanitary sewer collection system. The point of connection will be an existing 8-inch 
sanitary sewer located approximately ¼ mile south of East Oakland Church Road on Wagon Trail 
Road. The wastewater will be treated at the District’s Rocky Fork WWTF.  

This alternate also includes a force main from near Cedar Gate to the Brown Station Booster 
Pump Station dedicated solely to conveying potential flows from Hallsville to the Booster Pump 
Station. 

A layout of the proposed pump stations and conveyance improvements is shown on Exhibit 1 
located in Appendix B. 

Replacing the existing WWTFs with pump stations will eliminate three existing permitted WWTFs, 
thereby achieving MDNR’s goal of eliminating such WWTFs whenever possible and providing 
regional solutions to wastewater treatment. 

Each pump station would consist of the following components: 

 Wet Well – Raw wastewater collected at the existing influent point will discharge into a wet 
well. Wet wells may be precast concrete type or prefabricated fiberglass type. 


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 Submersible Pumps – Duplex submersible pumps will be installed in a wet pit 
configuration.  One firm pump capable of pumping the peak design capacity and one 
standby pump will be installed.  Pumps will be non-clog or grinder type. 

 Valve Vault – Plug and check valves will be installed in an easily accessible above-ground 
valve vault. Bypass connections for attaching auxiliary pumps will also be provided. 

 Controls – Pumps will be operated by a conductivity rod with backup float level control.  
Local control panels will be suitable for outdoor installation or installed in a shelter.  
Automatic dialers and other remote monitoring communication will be provided. 

 Emergency Operation of Pump Station – Per 10 CSR 20-8.130(8), “Pumping stations 
and collection systems shall be designed to prevent or minimize bypassing of raw sewage. 
For use during possible periods of extensive power outages, mandatory power reductions 
or uncontrolled storm events, consideration should be given to providing a controlled high-
level wet well overflow to supplement alarm systems and emergency power generation in 
order to prevent backup of sewage in basements…consideration shall also be given to 
installation of storage-detention tanks or basins”. Considering this CSR the following two 
options will be considered: 

1. Emergency Power Generation – The District will consider an option that includes the 
installation of either a portable or permanent emergency generator at the pump station 
to provide electrical power to the station during periods of power outages. Taken in 
conjunction with the cost and potential for onsite storage-detention, a decision 
regarding emergency power generation will be made during the design of the project. 

2. Temporary Storage-Detention – Temporary storage of wastewater flows at the pump 
station site is another option that will be evaluated during design.  

 Odor Control – The need for odor control facilities will be evaluated during design. Both 
liquid odor control and carbon odor control will be considered. Liquid odor control is used to 
prevent corrosion and the generation of odors in force mains with long resident times. 
Using a chemical feed skid system, odor control chemicals such as ferric chloride or 
bioxide may be injected at the pump station wet well or directly into the force main. Carbon 
odor control is used to treat odorous air that may be generated at pump station sites with 
longer wet well detention times or those pump stations adjacent to homes. Carbon odor 
control system pull air from the wet well and through a carbon filter media bed to remove 
odor causing compounds. 

The anticipated project cost associated with this alternative is shown below in Table 4-3. 

Table 4-3 Alternative No. 3: Anticipated Project Cost Estimate 

Item Description Cost 

Pumping and Piping $2,805,000 

Easement Acquisition $113,000 

Engineering and SRF Closing Costs $617,000 

Total 3,535,000 
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In addition to the anticipated capital costs, an O&M cost estimate was developed for this 
alternative. The estimate includes applicable power, labor, chemical, and replacement costs 
associated with operating and maintaining the proposed system. The annual cost is presented in 
Table 4-4 below. 

Table 4-4 Alternative No. 3: Anticipated Annual O&M Cost Estimate 

Item Description Cost 

Power $5,880 

Labor $12,480 

Chemical $5,400 

Equipment Replacement $13,680 

Total $37,440 



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5 Recommended Alternative 
This section describes in greater detail the facilities associated with the recommended alternative.  

5.1 Summary of Costs and Benefits 

The recommended alternative shall be selected based upon an evaluation of the total costs for 
each alternative, compliance with MDNR’s stated goal of removing small treatment works from 
service and other non-economic benefits that an alternative may offer. No costs were developed 
for Alternative No. 1, as this alternative was eliminated from further consideration in Section 4.  

Alternatives 2 and 3 were evaluated using a Net Present Value 20-year Life Cycle Cost Analysis 
(NPV). The spreadsheets used in the evaluation are included in Appendix G. The NPV of each 
Alternative is the summation of project costs and the projected O&M costs. 

Table 5-1 shows a summary of the NPV analysis for Alternatives No. 2 and 3.  

Table 5-1 NPV Summary 

 Alternative No. 2 Alternative No. 3 

Anticipated Project Costs $2,889,000 $3,501,000 

Anticipated O&M Costs $1,029,000 $605,000 

NPV $3,918,000 $4,106,000 

 

Alternative No. 3 has a higher NPV than Alternate No. 2 by approximately $188,000. However, 
Alternate 3 includes several non-economic benefits that Alternative 2 cannot provide. Those non-
economic benefits are as follows: 

1. Provides a Regional Solution for Wastewater Treatment 

a. Three existing WWTFs owned and operated by the District will be decommissioned and 
their permits eliminated. Those WWTFs are Cedar Gate, Richardson Acres and Brown 
Station. 

b. Three additional existing WWTFs that are privately owned and operated will be 
provided access to the District’s pipe conveyance infrastructure, thereby providing the 
opportunity to decommission these facilities and eliminate their permits. Those WWTFs 
are the Hallsville United Methodist Church, the Oak Ridge Mobile Home Park and the 
Hillcrest Residential Care Facility. 

c. This Alternative also provides for the conveyance of potential wastewater flows from the 
City of Hallsville to the District’s Rocky Fork WWTF.   

d. Wastewater generated by additional growth north of the Columbia city limits can be 
accommodated by this Alternative. 

2. Reduces Wastewater Effluent to Hinkson Creek 

a. Hinkson Creek is currently on Missouri’s 303(d) List of Impaired Waterbodies. The 
Cedar Gate WWTF discharges effluent directly to the Varnon Branch. However, Varnon  
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Branch ultimately discharges its waters into Hinkson Creek. The decommissioning of 
the Cedar Gate WWTF will eliminate a source of wastewater discharge into Hinkson 
Creek, thereby potentially improving the water quality of a waterbody on the 303(d) List. 

3. Eliminates Potential Challenges with Future Nitrogen and Phosphorous Limits 

a. Alternative 3 has the potential for eliminating seven WWTFs from service in the next 5-
10 years, thereby avoiding the significant costs of having to comply with MDNR’s future 
limits on Nitrogen and Phosphorous.  

4. Enhances the Boone County Regional Sewer District’s Position as a Continuing Authority  

a. The District currently serves as the duly authorized Continuing Authority for the 
wastewater collection and treatment utility serving unincorporated Boone County. 
Alternative 3 bolsters the District’s position to act in this role as it provides service to a 
large area along Route B from the north city limits of Columbia to Hallsville.   

5.2 Recommended Alternative 

Based upon discussions with District staff and the numerous benefits it provides, Alternative No. 3 
is selected as the recommended Alternative. 

5.3 Conveyance to the District’s Sanitary Sewer System 

The conveyance system improvements will be sized using the flow analysis for existing service 
areas as presented in Table 2-14. The nature, density and timing of future development within the 
respective service areas is largely unknown at this time, making it difficult to determine if the 
projected peak flows will ever be realized within the next 20 years. It does not seem prudent to 
incur the greater capital cost of constructing pump stations and force mains, at this time, to 
accommodate anticipated peak flows that may take many years to occur, or perhaps, never occur 
at all. Therefore, this Facility Plan makes the following recommendations: 

1. Design and construct the proposed facilities using a conservative design peak flow for the 
existing condition. 

2. Design features into the proposed facilities that will readily accommodate future expansion 
of the facilities, if projected design flows are realized within the next 20 years. The 
recommended piping improvements are shown on Exhibit 1 in Appendix B.  

A brief summary of the recommended improvements are as follows: 

1. Pump Stations: Pump stations will be constructed at Cedar Gate and Richardson Acres. A 
booster pump station will be constructed at Brown Station. 

2. Force Main: Force mains will be constructed as follows: 

a. (1) 6-inch from the District Sewer Connection Point to the Brown Station Booster Pump         
Station 

b. (2) 4-inch from the Brown Station Booster Pump Station to the Richardson Acres 
Connection Point 

c. (3) 3-inch from the Richardson Acres Connection Point to Cedar Gate 


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d. (4) 4-inch from the Brown Station Booster Pump Station to near Cedar Gate (Hallsville 
Connection) 

e. (5) 2-inch from Richardson Acres to the Cedar Gate Force Main 

3. Under Ground Storage: Underground storage will be constructed at Brown Station Booster 
Pump Station 

4. STEP Pumps at Brown Station: The force main for the STEP pumps that currently 
discharges to the recirculating sand filter will be extended to the proposed Brown Station 
Booster Pump Station 

5. WWTF Closure: WWTFs will be closed at Cedar Gate, Richardson Acres and Brown 
Station 

Capacity for the pump stations is shown below in Table 5-2.  Detailed calculations associated with 
the pump station and force main can be found in Appendix E. 

Table 5-2 Pump Station Parameters 

Location 
Pump Capacity 

(gpm) 
Total Dynamic Head 

(ft) 

Cedar Gate 32 147 

Richardson Acres 24 69 

Brown Station Booster Pump Station  254 148 

 

Pump station improvements will be located within a private dedicated easement. The proposed 
pump station locations are shown on Exhibit 1 in Appendix B. A typical site plan and typical pump 
station plan are in Appendix F.   

The force main improvements will be constructed in private dedicated easements in accordance 
with the District’s preference.  The locations of the proposed force mains are shown on Exhibit 1 in 
Appendix B. Force mains will be sized to convey the peak flow in the system and optimized to 
provide an acceptable range of velocities and capacities.  The MDNR recommended minimum 
velocity of 2 feet per second (fps) will be maintained at the design pumping rate. The proposed 
force main sizing is shown below in Table 5-3. A process schematic is shown in Appendix D. 

Table 5-3 Force Main Parameters 

Force Main 
Segment 

Flow 

(gpm) 

Diameter 

(in) 

Length 

(ft) 

Velocity 

(fps) 

1 254 6.0 22,200 2.80 

2 99 4.0 7,000 2.50 

3 34 3.0 15,300 2.07 

4 148 4.0 22,300 3.78 

5 24 2.0 1,000 2.45 
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6 Anticipated Project, Operations/Maintenance 
Costs 

This section will provide an estimate of the capital and operations/maintenance costs associated 
with the engineering and construction of the recommended improvements, as discussed in 
Section 5. 

6.1 Anticipated Project Cost 

Below is a summary of the costs associated with the recommended improvements as defined in 
Section 5.2 of this Facility Plan. A detailed evaluation of these costs is included in Appendix G. 

Table 6-1 Anticipated Project Costs 
Alternative No. 3 - Conveyance Improvements Project Cost 

Cedar Gate, Richardson Acres and Brown Station $3,535,000 
 
It is anticipated that the funds for this project will be available in 2021, coinciding with the SRF 
loan closing.  The project is scheduled to be bid and constructed in 2022 and 2023.    

6.2 Anticipated Operations/Maintenance Cost 

The estimation of annual operations/maintenance costs for Alternative Nos. 2 and 3 are 
included in Appendix G. The operations/maintenance costs address the following components: 

 Equipment Replacement, Percentage of Initial Equipment Cost at Intervals of 5, 10, 15 
and 20 years, with the following percentages of 10, 25, 10 and 50 percent respectively 

 Electricity Usage, Annual Inflation and Growth applied at below percentages 

 Chemical Usage, Annual Inflation and Growth applied at below percentages 

 Estimated Operations Staff Required, Annual Inflation applied at below percentage 

The following assumptions are made as a part of the annual operations/maintenance cost 
evaluation: 

 Inflation = 3% 
 Interest = 4% 
 Assumed Electrical Rate of 0.09 Cents/Kilowatt Hour 

Based upon the above assumptions, the anticipated annual operations/maintenance costs 
associated with the recommended improvements is estimated to be $37,440 in 2020 dollars. 
 
 






Case No. SA-2021-0017
Schedule TR-1, Part 1, Page 30 of 68



 

Boone County Regional Sewer District   
Richardson Acres and Brown Station Wastewater Improvements 7-1 
Facility Plan 
 

 

7 Schedule 

7.1 Anticipated Project Schedule for Selected Alternative 

The District will apply for eligibility in the 2021 SRF Funding Pool.  Based upon this requirement, 
the following submittal and completion dates are applicable: 

 Submit SRF Application – December 2020 
 Anti-Degradation Review Report – Not Required 
 Submit Facility Plan – December 2020 
 Water Quality Incentive Grant Application – March 2021 
 Water Quality Incentive Grant Approval – May 2021 
 Hold Public Hearings – July 2021 
 Submit Plans and Specifications – February 2022 
 Bid Project – May 2022 
 Begin Construction – July 2022 
 Complete Construction – July 2023 
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