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1.0 EXECUTIVE SUMMARY 

The Jefferson County Public Sewer District (District) recently acquired ownership of the collection 

system and wastewater treatment plant (WWTP) for the Festus and Crystal City service area.  Upon 

acquisition, the District has desired to achieve a better understanding of the system through a capacity and 

condition assessment of the existing assets in the collection system and at the WWTP. The District has 

retained Burns & McDonnell to complete a comprehensive planning study for the Festus and Crystal City 

wastewater collection system and treatment plant. This effort supports a 20-year planning horizon to 

address system capacity, reliability, regulatory compliance, and future growth. The goals of this study 

include: 

- Develop a further understanding of both the collection system and WWTP; 

- Identify a framework for potential capital projects in the collection system and at the existing 

WWTP to facilitate both existing condition and anticipated growth; and, 

- Develop a planning-level rough order of magnitude (ROM) pricing for the District’s use on future 

planning for potential rate increases. 

The results of this study are provided in the following attachments: 

- Appendix A: Hydraulic Model Report – This report summarizes the field investigations, 

hydraulic model development, and existing and future conditions analysis for the collection 

system. It also includes a summary of the eight (8) identified capital improvements in the 

collection system. 

- Appendix B: Festus/Crystal City WWTP Master Plan – This report summarizes the condition 

and capacity assessments for the processes at the existing WWTP. It also includes a summary of 

the seven (7) identified capital improvements at the WWTP. 
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2.0 COLLECTION SYSTEM CAPACITY ASSESSMENT 

The District operates and maintains 89 miles of 6-inch to 30-inch sanitary sewer pipes that serve over 

17,000 wastewater customers in Festus and Crystal City. The collection system capacity assessment 

included development of a hydraulic model to evaluate the available capacity in the existing collection 

system, calculate flows discharging to the WWTP, and determine improvements for future planning 

efforts. Additional details related to the collection system capacity assessment can be found in the 

Hydraulic Model Report in Appendix A. 

A collection system hydraulic model was developed for the District’s system using Bentley SewerGEMS 

software. Following initial data collection efforts, it was determined to reduce the modeled extents to only 

include main interceptor gravity sewers and three (3) lift stations with known capacity concerns. This was 

a result of limited elevation data being available for a majority of the system and in an effort to provide an 

analysis of a more specific area of the system. Once the hydraulic model was developed, historic water 

use data was incorporated into the model to assign sanitary loadings. An average daily sanitary loading of 

1.46 MGD was included in the hydraulic model. 

Utilizing the developed hydraulic model, an existing conditions analysis was completed. Following 

discussion with the District, three (3) distinct peaking factors were selected for analysis: 2.6, 2.7, and 4.0. 

In addition, a performance target was selected that any pipe for which the model predicts an elevated 

hydraulic grade line (HGL) above the crown of the pipe is considered to provide an inadequate level of 

service and is therefore a candidate for capital improvement plan (CIP) development. The hydraulic 

model estimates that approximately 20%, 21%, and 26% of pipes in the modeled system do not meet the 

selected performance target for peaking factors of 2.6, 2.7, and 4.0, respectively. 

Following existing conditions analysis, a future conditions analysis was completed. This included 

development of population growth and sanitary loading projections for the 5-year and 20-year planning 

periods. This data was developed from owner-provided planned expansion in the service area, as well as 

the addition of a known industrial user that is anticipated to discharge 1 million gallons per day (MGD) of 

flow to the sanitary sewer. The same peaking factors and performance targets were used to analyze the 

system considering future growth. Under the full 20-year buildout scenario, the model estimates that 

approximately 28%, 28%, and 34% of pipes in the modeled system do not meet the selected performance 

target for peaking factors of 2.6, 2.7, and 4.0, respectively. 

Using the results of the existing and future conditions analysis, CIPs were developed for the collection 

system. For this level of planning, it was assumed that only linear gravity sewer improvements would be 
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required and that all improvements would be along the same alignment as the existing gravity sewers. A 

50% contingency is applied to account for items such as easements, difficult construction, and rail/stream 

crossings that should be further vetted during detailed engineering design. A total of eight (8) CIP 

projects were identified in the collection system. These projects, along with the rough order-of-magnitude 

(ROM) cost, are summarized in Table 2-1 and shown in Figure 2-1. 

In addition to project identification, a phased approach was taken for project implementation. All CIPs 

were divided into priority 1 and priority 2 to assist the District with project phasing and to accommodate 

budgets and resource allocations. The proposed project phasing is summarized in Figure 2-2.
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Table 2-1: Collection System Capital Improvement Project Summary 

CS-CIP 

Project 

No. 

Project Name 

Length (LF) Cost  

2.6 Peaking 

Factor 

2.7 Peaking 

Factor  

4.0 Peaking 

Factor 

2.6 Peaking 

Factor 

2.7 Peaking 

Factor  

4.0 Peaking 

Factor 

1A 
Sunset Park Linear Gravity Sewer 

Improvements Part I 
3,300 3,300 3,300 $4,000,000 $4,000,000 $4,000,000 

1B 
Sunset Park Linear Gravity Sewer 

Improvements Part II 
2,200 2,200 2,200 $2,700,000 $2,700,000 $2,700,000 

1C 
Sunset Park Linear Gravity Sewer 

Improvements Part III 
2,000 2,000 2,000 $2,400,000 $2,400,000 $2,400,000 

2 
Holly Drive Linear Gravity Sewer 

Improvements 
900 900 900 $900,000 $900,000 $900,000 

3 
Chestnut Street Linear Gravity Sewer 

Improvements 
600 600 600 $800,000 $800,000 $800,000 

4A 
Woodside Creek Drive Linear 

Gravity Sewer Improvements Part I 
800 800 800 $800,000 $800,000 $1,000,000 

4B 
Woodside Creek Drive Linear 

Gravity Sewer Improvements Part II 
1,800 1,800 1,800 $2,200,000 $2,200,000 $3,000,000 

5 
Festus Centre Drive Linear Gravity 

Sewer Improvements 
500 500 500 $600,000 $600,000 $600,000 

6 
Elks Drive Linear Gravity Sewer 

Improvements 
1,100 1,100 1,100 $1,400,000 $1,400,000 $1,400,000 

7 
Walmart Linear Gravity Sewer 

Improvements 
800 800 800 $1,000,000 $1,000,000 $1,000,000 

8 
County Road Linear Gravity Sewer 

Improvements 
1,900 1,900 1,900 $1,800,000 $1,800,000 $1,800,000 

Total Length 15,900 15,900 16,900 $18,600,000 $18,600,000 $19,600,000 
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Figure 2-1: Collection System Capital Improvement Project Overview 
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Figure 2-2: Collection System Capital Improvement Project Phasing 
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3.0 WWTP CONDITION AND CAPACITY ASSESSMENT 

The Festus/Crystal City Wastewater Treatment Plant (WWTP), acquired by the District in 2024, was 

originally constructed in 2001 as a sequencing batch reactor (SBR) facility. Ultraviolet (UV) disinfection 

was added in 2007, and a finger weir effluent structure was installed in 2020. The master plan, developed 

by Burns & McDonnell, included an on-site condition assessment, analysis of historical and recent flow 

and loading data, and projections for future service area growth. A capacity evaluation was conducted to 

identify hydraulic and loading limitations. The plan provides a roadmap to position the WWTP for future 

regulatory compliance and capacity needs, while enhancing operational efficiency and reliability. 

Additional details related to the WWTP condition and capacity assessment can be found in the 

Festus/Crystal City WWTP Master Plan in Appendix B. 

The facility is designed for an average flow of 3.0 MGD, a peak hourly flow of 12.5 MGD, and a decant 

effluent capacity of 14.7 MGD. Wastewater enters through the influent pump station and flows through 

preliminary treatment (screening and grit removal) before entering one of four SBR basins for biological 

treatment. Decant from the SBRs is treated via UV disinfection, passes through the finger weir structure, 

and is discharged to a tributary of Plattin Creek. Solids are aerobically digested and hauled offsite without 

dewatering. Because solids handling improvements are underway by the District, they were not included 

in the capacity evaluation or CIPs identified in the master plan. 

A condition assessment was completed through a facility walkthrough with District staff and operators. 

Each process area was rated on a scale of 1 to 5 based on observed condition and operator feedback. The 

evaluation identified several pieces of aging equipment and opportunities for operational improvements, 

including HVAC restoration, diffuser replacement, screening upgrades, and additional instrumentation. 

Influent wastewater characteristics were evaluated using historical Discharge Monitoring Report (DMR) 

data and a two-week sampling effort in March 2025. Discharge data was compared to the NPDES permit 

limit for CBOD, TSS, E. coli, ammonia, and oil and grease. All parameters except ammonia were below 

the permit level for all samples provided. In collaboration with the District, and informed by anticipated 

industrial growth, projected flows and loadings were developed. Several capital improvement projects are 

driven by the future full build-out of an anticipated large industrial user. 

Hydraulic evaluations were performed for each major process area to identify potential capacity 

limitations under current and projected conditions. Key constraints were identified in the influent pump 

station, which lacks firm capacity to meet the design peak flow; the SBR system, which cannot meet 

projected organic loadings; and the blower system, which is undersized for future air demand.  
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Based on the condition and capacity assessments, seven capital improvement projects (CIPs) were 

identified. These include blower replacement, chemical phosphorus removal, the addition of two new 

SBR basins, miscellaneous SBR improvements, installation of a fourth influent pump, new screening 

equipment, and upgraded SCADA controls. Projects were prioritized based on criticality and grouped for 

constructability where appropriate. Rough order-of-magnitude (ROM) costs were developed using a 30% 

contingency and a 12% engineering fee to aid in the District's budgetary planning. A summary of 

identified CIPs and ROM costs is provided in Table 3-1. 

Table 3-1: WWTP Capital Improvement Project Summary 

CIP Area Priority Project ROM Cost 

WWTP-CIP-1 SBR  High  Blower Room Improvements $780,000 

WWTP-CIP-2 SBR  High TP Chem Feed System $1,900,000 

WWTP-CIP-3 SBR High SBR Expansion $13,050,000 

WWTP-CIP-4 SBR Low 

Additional Instrumentation 

$1,520,000 Splitter Box Gate Actuators 

Diffuser Grid Replacement 

WWTP-CIP-5 IPS Medium 

Additional Influent Pump 

$720,000 
Concrete Coating 

HVAC Improvements 

Influent Pump Valves 

WWTP-CIP-6 Influent Screening Medium 
Screening Equipment 

Replacement 
$960,000 

WWTP-CIP-7 SCADA  Low SCADA Controls $980,000 

Total ROM Cost $19,910,000 
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4.0 CAPITAL IMPROVEMENT PROJECT SUMMARY 

Following the collection system and WWTP capacity and condition assessments, eight (8) CIPs were 

identified in the collection system and seven (7) CIPs were identified at the WWTP. Together, the 

identified improvements total approximately $40 million (M) of capital investment in the collection 

system and at the WWTP. (It should be noted that the total ROM cost estimate for the collection system is 

dependent on the owner selected peaking factor.) All CIP projects are summarized in Table 4-1. 

Of the $40M identified capital improvements, approximately $15M of the capital investment is a direct 

result of addition of new industrial users. The District should maintain close coordination with these 

potential users to confirm the necessary capital investment required for the addition of these users. 
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Table 4-1: Capital Improvement Project Summary 

 
Project No. Project Name Low ROM Cost High ROM Cost 

C
o
ll

ec
ti

o
n

 S
y
st

em
 C

IP
s 

CS-CIP-1A Sunset Park Linear Gravity Sewer Improvements Part I $4,000,000 $4,000,000 

CS-CIP-1B Sunset Park Linear Gravity Sewer Improvements Part II $2,700,000 $2,700,000 

CS-CIP-1C Sunset Park Linear Gravity Sewer Improvements Part III $2,400,000 $2,400,000 

CS-CIP-2 Holly Drive Linear Gravity Sewer Improvements $900,000 $900,000 

CS-CIP-3 Chestnut Street Linear Gravity Sewer Improvements $800,000 $800,000 

CS-CIP-4A Woodside Creek Drive Linear Gravity Sewer Improvements Part I $800,000 $1,000,000 

CS-CIP-4B Woodside Creek Drive Linear Gravity Sewer Improvements Part II $2,200,000 $3,000,000 

CS-CIP-5 Festus Centre Drive Linear Gravity Sewer Improvements $600,000 $600,000 

CS-CIP-6 Elks Drive Linear Gravity Sewer Improvements $1,400,000 $1,400,000 

CS-CIP-7 Walmart Linear Gravity Sewer Improvements $1,000,000 $1,000,000 

CS-CIP-8 County Road Linear Gravity Sewer Improvements $1,800,000 $1,800,000 

Collection System Total ROM Cost $18,600,000 $19,600,000 

W
W

T
P

 C
IP

s 

WWTP-CIP-1 Blower Room Improvements $780,000 

WWTP-CIP-2 TP Chem Feed System $1,900,000 

WWTP-CIP-3 SBR Expansion $13,050,000 

WWTP-CIP-4 

Additional Instrumentation 

$1,520,000 Splitter Box Gate Actuators 

Diffuser Grid Replacement 

WWTP-CIP-5 

Additional Influent Pump 

$720,000 

Concrete Coating 

HVAC Improvements 

Influent Pump Valves 

WWTP-CIP-6 Screening Equipment Replacement $960,000 

WWTP-CIP-7 SCADA Controls $980,000 

WWTP Total ROM Cost $19,910,000 $19,910,000 

Collection System + WWTP Total ROM Cost $38,510,000 $39,510,000 
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1.0 INTRODUCTION 

Jefferson County Public Sewer District (District) operates and maintains 89 miles of 6-inch to 30-inch 

sanitary sewer pipes and a wastewater treatment plant (WWTP) that serves over 17,000 wastewater 

customers in Festus and Crystal City. The District has hired Burns & McDonnell (BMcD) to develop a 

hydraulic model to evaluate the available capacity in the existing collection system, calculate flows 

discharging to the WWTP, and identity capital improvements for future planning efforts. 

The purpose of this report is to evaluate capacity in the existing system. This will be accomplished through: 

- Hydraulic model development; 

- Existing conditions analysis;  

- Future conditions analysis considering planned growth for the 5-year and 20-year planning periods; 

and 

- Identification of capital improvement project (CIPs) to understand existing capacity restrictions 

and planned growth for the 5-year and 20-year planning periods. 
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2.0 HYDRAULIC MODEL DEVELOPMENT 

A collection system hydraulic model is used to simulate wastewater flow through a sewer collection system. 

The hydraulic model is used to predict the system conditions as wastewater moves through the system, 

considering system capacity estimated by pipe size, material, and slope. 

The purpose of this existing collection system hydraulic model is to identify potential capacity problems in 

the sewer system, such as capacity bottlenecks, overflows, or backups, and to evaluate the impact of 

proposed upgrades on the system. By simulating different scenarios, such as increased flow due to 

population growth or changes in land use, the model can assist with making informed decisions about how 

to design, operate, and maintain the system. 

A hydraulic model can also improve the system’s performance by identifying areas where improvements 

can be made, such as upsizing pipes, adding storage capacity, or adjusting the operation of pumps or other 

facilities. A collection system hydraulic model is a tool for managing the complex and dynamic wastewater 

collection and treatment process. 

The following sections describe the data provisioned and used to develop the hydraulic model. The software 

selected for the hydraulic model was SewerGEMS Version 10.03 by Bentley Systems. The hydraulic model 

was run as a steady state simulation due to limited flow data availability. Additional data, including flow 

monitoring data, would be required to run an extended period simulation. 

2.1 Collection System Data Summary 

Manholes, gravity sewers, force main pipes, and lift stations are the most critical components of hydraulic 

models as they allow flow to be routed through the system. This data was populated from various sources, 

including Geographic Information System (GIS) data and as-built drawings from the District, as well as 

collected survey data. The data provided are listed in Table 2-1. 

Table 2-1: Provided Information 

Information 

Provided 
Information Source 

Date 

Received 

Manhole 
Data 

GIS Shapefiles: SanitaryStructures, Festus_MH, CC_MH, 

Approx_MH_Paper_MAP 
06/22/2023 

Pipe Data 
GIS Shapefiles: SanitaryGravityMains, SanitaryForceMains, 

Festus_San, CC_San, Approx_San_Paper_Map 
06/20/2023 

Pump Station 
Data 

GIS Shapefiles: F_CC_PS 1/31/2025 

WWTP As-
Built Data 

Festus Crystal City - As Builts 12-06-04.pdf 
 (“Wastewater Treatment Facility Improvements”) 

1/31/2025 
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The shapefiles and as-built drawings consisted of information utilized to develop a functional hydraulic 

model. The data incorporated into the hydraulic model is summarized below in Table 2-2. 

Table 2-2: Hydraulic Model Feature Summary 

Feature 

Total 

Count in 

System 

Count 

Included in 

Hydraulic 

Model 

% Included 

in 

Hydraulic 

Model 

Total 

Length (ft) 

in System 

Length (ft) 

Included in 

Hydraulic 

Model 

% Length 

Included in 

Hydraulic 

Model 

Manholes 2,150 321 15% - - - 

Gravity 
Sewer 

2,111 321 16% 431,928 70,784 16% 

Force Main 
Pipe 

22 3 27% 35,808 14,991 42% 

  

In areas where connectivity or invert elevation conflicts arose, additional field investigations and relative 

surveys were completed to resolve these issues. In some instances, manholes could not be located in the 

field. In instances where field investigations still left data gaps in the collected data, assumptions were made 

using industry standards to populate missing rim and invert data. 

The following sections provide details related to the pertinent information required to build the hydraulic 

model and populate the data. When data was missing, industry standards were used to populate missing 

data.
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Figure 2-1: Existing Collection System Extents 
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2.2 Pipe Network and Manhole Data 

The District provided pipe network data in the form of GIS data with shapefiles. This information included 

the physical layout of the sanitary sewer gravity sewers, force mains, lift stations, and manholes. Partial 

attribute data was provided for pipe diameters and depths; however, information on rim elevations, invert 

elevations, pipe materials, and pipe sizes was limited. No data was provided regarding sanitary flow loads 

or lift station characteristics. Rim elevations were assumed equal to the ground elevations, which were 

estimated using the 2021 US Geological Survey (USGS) 1-meter resolution LiDAR data. The horizontal 

coordinate system is referenced to the North American Datum of 1983 (NAD83), Missouri East Zone, and 

vertical elevations are based on the North American Vertical Datum of 1988 (NAVD88).   

When discrepancies arose, assumptions were made based on adjacent pipe size and materials. A summary 

of the pipe materials used in the model, along with their assumed Manning’s n values, is provided in Table 

2-3.  

Table 2-3: Pipe Material Summary 

Pipe Material Assumed Manning’s N Value 

Cast Iron Pipe  0.015 

Clay Pipe  0.013 

Polyvinyl Chloride (PVC) 0.013 

 

2.3 Lift Station Data 

Three (3) of the fifteen (15) lift stations in the Festus and Crystal City sanitary sewer systems were included 

in the model. Detailed lift station data was unavailable, so assumptions were made to populate lift station 

information in the model.  These assumptions are listed in Table 2-4. Pump capacities were assumed to 

match the full flow capacity of the upstream pipe. Wet wells were assumed to be 10 feet deep and 10 feet 

in diameter. 

Table 2-4: Lift Station Asset Summary 

Lift Station Name Data Attribute Assumption 

Jersey Lift Station 

Number of Pumps 1 

Pump Capacity (MGD) 2.53 

Wet Well Invert Elevation (ft) 415.0 

Wet Well Depth (ft) 10.0 
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Lift Station Name Data Attribute Assumption 

Wet Well Area (sq ft) 78.5 

Ludwig Lift Station  

Number of Pumps 1 

Pump Capacity (MGD) 2.61 

Wet Well Invert Elevation (ft) 410.0 

Wet Well Depth (ft) 10.0 

Wet Well Area (sq ft) 78.5 

West City Lift Station  

Number of Pumps 1 

Pump Capacity (MGD) 2.61 

Wet Well Invert Elevation (ft) 413.0 

Wet Well Depth (ft) 10.0 

Wet Well Area (sq ft) 78.5 

2.4 Model Extents 

The existing collection system includes approximately 89 miles of 6-inch to 30-inch diameter pipe. 

Following a model build review conducted with BMCD and the District in April 2025, the following criteria 

were used to determine the hydraulic model extents: 

• The model will include all pipes 10-inches in diameter and larger that are currently marked as “In 

Service”. 

• The model will include select pipes less than 10-inches in diameter when required for connectivity 

purposes (including small diameter forcemain pipes); 

• The model will be extended to all known lift station locations of interest as identified by the District 

and will include three (3) pipes upstream of modeled wet wells. 

Approximately seventeen (17) miles of pipe, or 19% of the sanitary sewer system, is included in the 

hydraulic model for analysis. 
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Table 2-5: Data Asset Summary 

Asset Type Data Attribute 

Total Number of 

Assets Included in 

Model 

Number of 

Assumed Data 

Attributes in 

Model 

% Data 

Attributes 

Assumed 

Manhole 
Ground/Rim 

Elevation 
321 321 100% 

Gravity Pipe 
 

Diameter 321 149 46% 

Material 321 204 64% 

Upstream Invert 
Elevation 

321 174 54% 

Downstream 
Invert Elevation 

321 143 45% 

Force Main  

Diameter 3 3 100% 

Material 3 3 100% 

Upstream Invert 
Elevation 

3 3 100% 

Downstream 
Invert Elevation 

3 3 100% 

 

Figure 2-2 provides an overview of the modeled extent of the sanitary sewer system.  
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Figure 2-2: Sanitary Sewer Hydraulic Model Extents 
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2.5 Sanitary Flows (Loading) 

Sanitary flows (or sanitary loadings) are included in the model by delineation of subcatchments to 

determine the tributary area to each modeled manhole location and estimation of sanitary flows based on 

historical usage data. 

2.5.1 Subcatchments 

Subcatchments were drawn to represent the area that will directly contribute flow to the sanitary sewer 

system via private sewer laterals and non-modeled pipes. These areas are calculated as the sum of all the 

developed parcels, excluding large open areas such as parks and parking lots, which do not contribute 

sanitary flows to the system and are removed from the total subcatchment area. Subcatchments were 

delineated in the model for all areas contributing flow to the collection system. Sanitary loadings were 

applied into the model at the same manhole locations where each subcatchment connects. These loadings 

account for both the flow directly entering at each manhole and any additional upstream flow from areas 

outside the modeled network. Sanitary loadings are estimated as the total gallons per day usage for the 

entire subcatchment area. 

2.5.2 Sanitary Flows Estimation  

Historical water usage data as provided by the District was used to develop sanitary loading in the model. 

Historical water usage data was provided by the District in the form of Festus billing statements for one 

month and Crystal City billing statements for one year. The average day water demand for each customer 

in the collection system was estimated from the billing data. Service addresses from these billing statements 

were geolocated to spatially distribute water usage across the system. The average water usage per day was 

then loaded to the subcatchment in which it was located for use in the hydraulic model. 

Sanitary loadings in each subcatchment were estimated to be the sum of all geolocated usage points within 

each subcatchment. For subcatchments that contained no geolocated usage points, average usage per day 

per acre values were estimated for both Festus and Crystal City, and these were multiplied by the 

contributing area of these subcatchments to estimate sanitary loading.  

A conservative estimate of 100% of water demand returned to the sanitary sewer system during average 

day conditions was used in the model. The water demands in this area were assumed to be equivalent to 

sanitary loading. The sanitary loading for individual subcatchments were then assigned to the nearest 

modeled manhole. 
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This assumption resulted in a sanitary loading of approximately 1,360,000 gallons per day (GPD) in Festus 

and 95,000 gallons per day (GPD) in Crystal City, totaling to a sanitary loading of 1,460,000 gallons per 

day GPD) for existing conditions. This correlates to an average gallons per capita per day value of 

approximately 85, which is reasonable and follows industry standards for communities of this size. Table 

2-6 summarizes the sanitary flow estimation summary in the collection system.  

Table 2-6: Collection System Existing Sanitary Loadings  

Area Sanitary Loading (GPD) 

Festus Existing Sanitary Loading 1,360,000 

Crystal City Existing Sanitary Loading 95,000 

Total Sanitary Loading in Hydraulic Model 1,460,000 

 

During a meeting with the District on April 25, 2025, the facility team noted that the average yearly influent 

flows to the WWTP based on the last year of available data (2024) was estimated at 1.7 MGD. However, 

this estimate includes both dry weather days and days with elevated flows due to wet weather events. 

Therefore, it is determined to be reasonable that the total sanitary loadings in the hydraulic model are 

slightly less than the yearly estimate of 1.7 MGD at the WWTP.
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Figure 2-3: Existing Sanitary Loading Overview 
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3.0 EXISTING CONDITIONS ANALYSIS 

Following model development, existing conditions analysis was conducted. Model scenarios for the 

existing system were evaluated for the following conditions to estimate the sanitary sewer system’s ability 

to convey flow: 

- Existing system dry weather flow conditions; and 

- Existing system wet weather conditions utilizing a peaking factor to estimate peak wet weather 

flows. 

3.1 Performance Target 

The hydraulic model was used to estimate the ability of the collection system to convey flows during dry 

and wet weather conditions. Performance targets were selected to determine when an asset was to be 

considered deficient and/or a candidate for CIP development. 

Under dry weather conditions, pipe velocities were evaluated using the hydraulic model. The target 

cleansing velocity for pipes under dry weather flow conditions is 2 feet per second (fps). This is the target 

velocity to maintain flow to prevent odor issues, stagnant water, and potential biological build-up. Any pipe 

that the model did not estimate dry weather velocities meeting or exceeding 2 fps was considered to be 

deficient and did not meet the dry weather performance target. 

Under wet weather conditions, the ability for pipes to convey peak wet weather flows was evaluated using 

the hydraulic model. Pipe capacity was estimated using the d/D ratio (where d is the depth of flow and D is 

the diameter of the pipe) and q/Q ratio (where q indicates the model predicted flow in the pipe and Q 

indicates the full flow capacity of the pipe). The d/D and q/Q ratios were used to estimate the capability of 

the collection system to convey flows. During a workshop hosted in June 2025, the performance target 

selected was that the hydraulic grade line (HGL) predicted by the model must stay below the crown of the 

pipe. Because of this, any pipe that exhibited a d/D value greater than or equal to 100% would not meet the 

selected performance criteria. Pipes that exhibit both a d/D value and q/Q value greater than or equal to 

100% are considered to be under capacity and are a candidate for CIP development. 

3.2 Peaking Factor Selection 

As a steady state hydraulic model was utilized for analysis, peaking factors were applied in the hydraulic 

model to estimate wet weather flow conditions. In the model, the dry weather flow is multiplied by the 
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peaking factor to estimate peak wet weather flow conditions. Peaking factors were reviewed with the 

District during a workshop in June 2025, and three (3) peaking factors were selected for analysis in the 

hydraulic model: 

- 2.6 – A peaking factor of 2.6 was determined from an analysis of the last five (5) years of historical 

data provided by the District. This peaking factor was also utilized in the wastewater treatment 

plant (WWTP) capacity analysis.  

- 2.7 – A peaking factor of 2.7 was determined from the population curve for peaking factor analysis 

from Figure 1 in the Recommended Standards for Wastewater Facilities (Ten States Standards). 

- 4.0 – A peaking factor of 4.0 was determined based on past BMcD experience for wastewater 

facility design in the absence of reliable flow or historical data. 

3.3 Dry Weather Capacity Assessment 

A summary of the average dry weather pipe velocities is provided in Table 3-1. Figures showing existing 

conditions average dry weather flow results can be found in Appendix A. 

Table 3-1: Dry Weather Conveyance Assessment Summary 

Pipe Diameter (in) 

Velocity < 2 fps 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  49   11,786  

10  22   3,756  

12  123   29,302  

15  9   1,898  

18  17   3,404  

24  9   1,898  

30 0     0   

Total  229   52,043  

 

There are 229 pipes (approximately 71%) in the modeled system for which the model predicts dry weather 

velocity less than the typical target of 2 fps. While the model predicts low velocities in these pipes, this 

does not necessarily indicate a problem with system operations, and these are not candidates for CIP 
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development. Routine cleaning in these areas should be performed to mitigate the potential for odor issues 

or biological buildup. 

3.4 Wet Weather Capacity Assessment 

The three (3) selected peaking factors were applied in the model to evaluate the system. A summary of the 

capacity assessment is provided in  

Table 3-2 through Table 3-4. Figures showing existing conditions hydraulic model results can be found in 

Appendix C. It should be noted that since the selected performance requires no surcharging above the 

crown of the pipe (d/D value stay below 100%), only the d/D value are visualized in the figures in Appendix 

C. 

Table 3-2:  Existing Conditions – Design Flow Conveyance Assessment Summary – 2.6 Peaking 
Factor 

Pipe 

Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length 

(ft) of 

Pipe 

No. 

of 

Pipes 

Length 

(ft) of 

Pipe 

8  27   5,392   9   1,831  

10  16   2,603   4   1,293  

12  15   3,121   12   2,088  

15  2   495   1   31  

18  3   920  0 0 

24  1   14  0 0 

30  0     0    0 0 

Total  64   12,545  26 5,242 

Table 3-3: Existing Conditions – Design Flow Conveyance Assessment Summary – 2.7 Peaking 
Factor 

Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  28   5,819   10   2,218  

10  16   2,603   4   1,293  

12  18   3,694   12   2,088  

15  2   495   1   31  

18  3   920  0  0  

24  1   14  0  0  
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Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

30  0     0   0 0  

Total  68   13,545   27   5,629  

Table 3-4:  Existing Conditions – Desing Flow Conveyance Assessment Summary – 4.0 Peaking 
Factor 

Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  32   7,183   16   3,456  

10  24   4,240   9   2,579  

12  20   3,941   14   2,671  

15  2   495   1   31  

18  5   1,001   0   0  

24  1   14   0   0  

30  0    0     0   0  

Total  84   16,874   40   8,737  

 

Approximately 20%, 21%, and 26% of pipes exhibit model-predicted d/D values of 100% or greater for 

peaking factors of 2.6, 2.7, and 4.0, respectively. The predicted HGL is above the crown of the pipe, and 

these pipes do not meet the selected performance criteria. Pipes that also exhibit a q/Q value greater than 

100% are candidates for CIP development. Approximately 8%, 8%, and 12% of pipes exhibit model-

predicted q/Q values of 100% or greater for peaking factors of 2.6, 2.7, and 4.0, respectively.
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4.0 FUTURE CONDITIONS ANALYSIS 

Following completion of the existing conditions analysis, the hydraulic model was used to analyze the 

performance of the collection system for the five-year and twenty-year planning periods. The future 

conditions analysis incorporates the increase in population due to anticipated growth over the planning 

periods. It is important to note that this analysis assesses the capacity of the existing infrastructure to convey 

these future flows. No system improvements or upgrades are included in this evaluation. Model scenarios 

for the future system were evaluated for the same scenarios as existing conditions to estimate the sanitary 

sewer system’s ability to convey flow: 

- Future system dry weather flow conditions; and 

- Future system wet weather conditions utilizing a peaking factor to estimate peak wet weather 

flows. 

The same performance targets were used to analyze the future system: 

- Under dry weather conditions, the performance target selected is that all pipes convey flow to 

meet a cleansing velocity of 2 fps; and 

- Under wet weather conditions, the performance target selected is that there is no model-predicted 

surcharging above the crown of the pipe. 

In addition, the same peaking factors were used to analyze wet weather flow conditions: 

- 2.6 – A peaking factor of 2.6 was determined from an analysis of the last five (5) years of historical 

data provided by the District. This coincides with the peaking factor used for the capacity analysis 

of the WWTP. 

- 2.7 – A peaking factor of 2.7 was determined from the population curve for peaking factor analysis 

from Figure 1 in the Recommended Standards for Wastewater Facilities (Ten States Standards). 

- 4.0 – A peaking factor of 4.0 was determined based on past BMcD experience for wastewater 

facility design in the absence of reliable flow or historical data. 
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4.1 Future Conditions Population Updates  

The District and BMcD met in April 2025 to confirm anticipated population growth and water demand 

loadings for Festus and Crystal City’s service areas for the 5- and 20-year planning periods. During this 

meeting, it was determined by the District that development in both cities was assumed to follow linear 

growth patterns across the twenty-year planning period, with a 300,000 gpd increase in flow in Festus, and 

a 50,000 gpd increase in flow in Crystal City. 

In Festus, future growth areas were included in the model and drawn as subcatchments that included the 

entire area as shown in the “City Growth Areas” section in the Festus Water Master Plan. Figure 4-1 shows 

the proposed growth locations, indicated by the pink polygons.  

In Crystal City, future loading was distributed evenly in the system by a weighted average of the area of 

each subcatchment compared to the total area. The District did not identify any known areas of growth or 

development, so distributing the water demand projections evenly allows for a more conservative estimate 

of future flows in the collection system. 

In addition to these growth areas, the District anticipates the addition of a large water user with a demand 

of one million gallons per day (MGD) following the completion of the James Hardie facility. Based on a 

2022 memo by Horner and Shifrin, it is anticipated that this facility will tie into the existing system at the 

intersection of Saint Pius Drive, VFW Drive, and County Road. A unit load of 1 MGD was incorporated 

into the 5-year planning period at manhole F_CC_MH-2170 to incorporate this user in the future conditions, 

as shown in Figure 4-1. The same unit load was used in the 20-year planning period.  
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Figure 4-1: Anticipated Future Growth Areas 
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4.2 5-Year Planning Period: Dry Weather Capacity Assessment 

A summary of the dry weather capacity assessment considering the 5-year planning period is provided in 

Table 4-1. Figures showing future conditions average dry weather flow results can be found in Appendix 

B. 

Table 4-1: 5-Year Planning Period: Dry Weather Conveyance Assessment Summary 

Pipe Diameter (in) 

Velocity < 2 fps 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  49   11,786  

10  22   3,756  

12  109   26,417  

15  9   1,898  

18  17   3,404  

24  9   1,898  

30  0     0    

Total  215   49,158  

 

There are 215 pipes (approximately 67%) in the modeled system for which the model predicts dry weather 

velocity less than the typical target of 2 fps. This indicates a decrease of 14 pipes (4%) that do not meet the 

target cleansing velocity. As growth occurs and additional flow is added to the system, it is anticipated that 

velocities will increase throughout the system, resulting in more pipes meeting target cleansing velocity 

during dry weather conditions as compared to existing system conditions, which is reflected in the model-

predicted results. 

While the model predicts low velocities in these pipes, this does not necessarily indicate a problem with 

system operations, and these are not candidates for CIP development. Routine cleaning in these areas should 

be performed to mitigate the potential for odor issues or biological buildup. 

4.3 5-Year Planning Period: Wet Weather Capacity Assessment 

The three (3) selected peaking factors were applied in the model to evaluate the system considering the 5-

year planning period. A summary of the capacity assessment is provided in Table 4-2 through Table 4-4. 

Figures showing existing conditions hydraulic model results can be found in Appendix B. It should be 



Hydraulic Model Report  Future Conditions Analysis 

 

 

Jefferson County Public Sewer District 4-5 Burns & McDonnell 

noted that since the performance target selected was that there is no surcharging above the crown of the 

pipe (d/D value stay below 100%), only the d/D value is represented in the figures in Appendix B. 

Table 4-2:  5-Year Planning Period – Desing Flow Conveyance Assessment Summary – 2.6 
Peaking Factor 

Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  29   6,372   9   1,831  

10  16   2,603   5   1,398  

12  29   5,984   21   3,891  

15  2   495   1   31  

18  3   920   0   0  

24  1   14   0   0  

30  0     0     0   0  

Total  80   16,388   36   7,150 

Table 4-3:  5-Year Planning Period – Flow Conveyance Assessment Summary – 2.7 Peaking Factor 

Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  29   6,372   10   2,218  

10  16   2,603   5   1,398  

12  31   6,236   22   4,064  

15  2   495   1   31  

18  3   920   0   0  

24  1   14   0   0  

30  0     0     0   0  

Total  82   16,640   38   7,710  

Table 4-4:  5-Year Planning Period – Flow Conveyance Assessment Summary – 4.0 Peaking Factor 

Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  36   8,728   16   3,456  

10  25   4,450   9   2,579  

12  33   6,616   24   4,666  
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Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

15  2   495   1   31  

18  5   1,001   0   0  

24  1   14   0   0  

30  0     0     0   0  

Total  102   21,304   50   10,731  

 

Approximately 25%, 26%, and 32% of pipes exhibit model-predicted d/D values of 100% or greater for 

peaking factors of 2.6, 2.7, and 4.0, respectively. The predicted HGL is above the crown of the pipe, and 

these pipes do not meet the selected performance criteria. This indicates that an additional  5% - 6% of the 

pipes in the modeled system do not meet the selected performance criteria as compared to the existing 

conditions analysis. Pipes that also exhibit a q/Q value greater than 100% are candidates for CIP 

development. Approximately 11%, 12%, and 16% of pipes exhibit model-predicted q/Q values of 100% or 

greater for peaking factors of 2.6, 2.7, and 4.0, respectively. 

4.4 20-Year Planning Period: Dry Weather Capacity Assessment 

A summary of the dry weather capacity assessment considering the 20-year planning period is provided in 

Table 4-5. Figures showing future conditions average dry weather flow results can be found in Appendix 

B. 

Table 4-5: 20-Year Planning Period: Dry Weather Conveyance Assessment Summary 

Pipe Diameter (in) 

Velocity < 2 fps 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  46   10,925  

10  22   3,756  

12  109   26,417  

15  8   1,864  

18  17   3,404  

24  7   1,405  

30  0     0    

Total  209   47,770  
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There are 209 pipes (approximately 65%) in the modeled system for which the model predicts dry weather 

velocity less than the typical target of 2 fps. This indicates a decrease of 20 pipes (6%) that do not meet the 

target cleansing velocity. As growth occurs and additional flow is added to the system, it is anticipated that 

velocities will increase throughout the system, resulting in more pipes meeting target cleansing velocity 

during dry weather conditions as compared to existing system conditions, which is reflected in the model-

predicted results. 

While the model predicts low velocities in these pipes, this does not necessarily indicate a problem with 

system operations, and these are not candidates for CIP development. Routine cleaning in these areas should 

be performed to mitigate the potential for odor issues or biological buildup. 

4.5 20-Year Planning Period: Wet Weather Capacity Assessment 

The three (3) selected peaking factors were applied in the model to evaluate the system considering the 20-

year planning period. A summary of the capacity assessment is provided in Table 4-6 through Table 4-8. 

Figures showing existing conditions hydraulic model results can be found in Appendix B. It should be 

noted that since the selected performance requires no surcharging above the crown of the pipe (d/D value 

stay below 100%), only the d/D value are visualized in the figures in Appendix B. 

Table 4-6:  20-Year Planning Period – Design Flow Conveyance Assessment Summary – 2.6 
Peaking Factor 

Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  29   6,372   9   1,831  

10  21   3,568   8   2,321  

12  31   6,236   22   4,064  

15  2   495   1   31  

18  5   1,001  0 0 

24  1   14  0 0 

30  0     0    0 0 

Total  89   17,686   40   8,247  
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Table 4-7:  20-Year Planning Period – Flow Conveyance Assessment Summary – 2.7 Peaking 
Factor 

Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  29   6,372   11   2,574  

10  22   3,974   9   2,579  

12  31   6,236   22   4,064  

15  2   495   1   31  

18  5   1,001  0 0 

24  1   14  0 0 

30  0     0    0 0 

Total  90   18,092   43   9,248  

Table 4-8:  20-Year Planning Period – Flow Conveyance Assessment Summary – 4.0 Peaking 
Factor 

Pipe Diameter 

(in) 

d/D > 100% q/Q > 100% 

No. 

of 

Pipes 

Length (ft) of Pipe 

No. 

of 

Pipes 

Length (ft) of Pipe 

8  36   8,728   17   3,762  

10  27   4,977   12   3,264  

12  37   8,554   28   5,472  

15  2   495   1   31  

18  7   1,301   2   386  

24  1   14  0 0 

30  0     0    0 0 

Total  110   24,068   60 12,915 

 

Approximately 28%, 28%, and 34% of pipes exhibit model-predicted d/D values of 100% or greater for 

peaking factors of 2.6, 2.7, and 4.0, respectively. The predicted HGL is above the crown of the pipe, and 

these pipes do not meet the selected performance criteria. This indicates an increase of approximately 8% 

of the pipes in the modeled system not meeting the selected performance criteria as compared to the existing 

conditions analysis. Pipes that also exhibit a q/Q value greater than 100% are candidates for CIP 

development. Approximately 12%, 13%, and 19% of pipes exhibit model-predicted q/Q values of 100% or 

greater for peaking factors of 2.6, 2.7, and 4.0, respectively.  
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5.0 CAPITAL IMPROVEMENT PLAN PROJECTS 

Following the completion of the future conditions scenarios, a Capital Improvement Plan (CIP) was 

developed. The CIP has been developed to do the following:  

- Identify linear gravity sewer improvements for areas in the existing collection system that do not 

meet the prescribed performance target, and 

- Outline improvements to the collection system with the goal of meeting the prescribed performance 

targets during the 5-year and 20-year planning periods. 

The gravity sewer system has a performance target of maintaining pipe flow below the crown of the pipe 

for design conditions within the selected peaking factor. Following discussions with the District in June 

2025, three (3) peaking factors were selected for analysis and CIP development in the hydraulic model. The 

resulting project pipe lengths and costs for each peaking factor are summarized in the following sections. 

The District should select the peaking factor that best aligns with its long-term operational goals, level of 

service expectations, and acceptable level of risk related to system capacity and wet weather performance. 

Gravity sewer improvements were sized to meet the desired performance targets for collection system 

conveyance. However, due to the limited amount of information provided for model construction, the 

reversed slope in pipes may be due to data errors. Existing system conditions, such as pipe size, material 

and invert elevations, should be confirmed before any CIP projects are considered.  

A total of eight (8) CIP projects were identified. These are shown in Figure 5-1. The extents of each project 

are summarized in Table 5-1. 
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Figure 5-1: CIP Projects Overview 
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Table 5-1: CIP Project Extent Summary 

CS-

CIP 

Project 

No. 

Project Name 

Length (LF) 

2.6 
Peaking 
Factor 

2.7 
Peaking 
Factor  

4.0 
Peaking 
Factor 

1A Sunset Park Linear Gravity Sewer Improvements Part I 3300 3300 3300 

1B Sunset Park Linear Gravity Sewer Improvements Part II 2200 2200 2200 

1C Sunset Park Linear Gravity Sewer Improvements Part III 2000 2000 2000 

2 Holly Drive Linear Gravity Sewer Improvements 900 900 900 

3 Chestnut Street Linear Gravity Sewer Improvements 600 600 600 

4A 
Woodside Creek Drive Linear Gravity Sewer Improvements 

Part I 
800 800 800 

4B 
Woodside Creek Drive Linear Gravity Sewer Improvements 

Part II 
1800 1800 1800 

5 Festus Centre Drive Linear Gravity Sewer Improvements 500 500 500 

6 Elks Drive Linear Gravity Sewer Improvements 1100 1100 1100 

7 Walmart Linear Gravity Sewer Improvements 800 800 800 

8 County Road Linear Gravity Sewer Improvements 1900 1900 1900 

Total Length 15,900 15,900 16,900 
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5.1 Opinion of Probable Cost 

Estimates, forecasts, projections, and schedules prepared by BMcD related to costs, quantities, demand, or 

pricing (including, but not limited to, property costs, construction, operations, maintenance costs, and/or 

energy or commodity demand and pricing), are opinions based on BMcD’s experience, qualifications, and 

judgement. BMcD has no control over weather, cost and availability of labor, material and equipment, labor 

productivity, energy or commodity pricing, demand or usage, population demographics, market conditions, 

changes in technology, and other economic or political factors affecting such estimates or projections. In 

addition, BMcD has no control over the uncertainty and potential disruptions to the labor and work force 

and supply chain caused by a regional, national, or global outbreak and spread of an infectious disease, such 

as COVID-19. Additionally, the uncertainty and potential disruptions to material pricing and supply chain 

caused by tariffs may have an impact on these projects, the exact cost of which can neither be predicted nor 

controlled. At this time, it is impossible to foresee or to predict the full impact of tariffs around the world 

and, therefore, no additional cost nor contingency specifically for tariffs were included. It should be 

acknowledged that actual results may vary significantly from the representations and opinions herein, and 

nothing herein shall be construed as a guarantee or warranty of conclusions, results, or opinions. BMcD 

makes no guarantee or warranty (actual or implied) that costs, schedules, quantities, and related items will 

not vary from the opinions contained in the estimates, schedules, results, or other statements or opinions 

prepared by BMcD. 

For unit costs on new sewer construction, regional costs were used based on BMcD’s experience on similar 

projects. Opinions of probable costs have been developed for each of the planning level CIPs and should 

be verified during detailed design. It should be noted that costs are in 2025 dollars. Costs were not inflated 

for CIPs based on project priority or anticipated phasing. Subtotal costs have been rounded up to the nearest 

$100,000 prior to adding engineering, administration, or contingency. A 20-percent cost (based on the 

project subtotal) was included to account for engineering and administration fees. A 30-percent contingency 

(based on the project subtotal) was applied to all CIPs to account for the construction cost and design efforts 

due to the planning level of detail.  

Linear gravity sewer improvements were estimated at a cost of $600 per linear foot, assuming typical open-

cut construction under standard conditions. This rate reflects projects without specialized construction 

challenges such as road, rail, or stream crossings. For projects involving these items, a higher unit cost of 

$800 per linear foot was applied to account for added construction effort, permitting, and restoration. The 

estimates presented in the following sections represent planning-level estimates and should be refined 

during detailed design based on site-specific conditions and constructability constraints. 
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Eight (8) CIPs have been identified as part of this report. This includes seven (7) Priority 1 projects and one 

(1) Priority 2 project. The Opinion of Probable Cost for all projects is summarized in Table 5-2.   

Table 5-2: CIP Project Cost Estimate Summary 

CIP 

Project 

No. 

Project Name 

Cost 

2.6 Peaking 
Factor 

2.7 Peaking 
Factor  

4.0 Peaking Factor 

1 
Sunset Park Linear Gravity 

Sewer Improvements 
$4,000,000 $4,000,000 $4,000,000 

1B 
Sunset Park Linear Gravity 
Sewer Improvements Part II 

$2,700,000 $2,700,000 $2,700,000 

1C 
Sunset Park Linear Gravity 

Sewer Improvements Part III 
$2,400,000 $2,400,000 $2,400,000 

2 
Holly Drive Linear Gravity 

Sewer Improvements 
$900,000 $900,000 $900,000 

3 
Chestnut Street Linear Gravity 

Sewer Improvements 
$800,000 $800,000 $800,000 

4 
Woodside Creek Drive Linear 
Gravity Sewer Improvements 

Part I 
$800,000 $800,000 $1,000,000 

4B 
Woodside Creek Drive Linear 
Gravity Sewer Improvements 

Part II 
$2,200,000 $2,200,000 $3,000,000 

5 
Festus Centre Drive Linear 

Gravity Sewer Improvements 
$600,000 $600,000 $600,000 

6 
Elks Drive Linear Gravity 

Sewer Improvements 
$1,400,000 $1,400,000 $1,400,000 

7 
Walmart Linear Gravity Sewer 

Improvements 
$1,000,000 $1,000,000 $1,000,000 

8 
County Road Linear Gravity 

Sewer Improvements 
$1,800,000 $1,800,000 $1,800,000 

Total Cost $18,600,000 $18,600,000 $19,600,000 

 

5.2 CIP Priority 

A priority level was assigned to each CIP to assist the District with project phasing and to accommodate 

budgets and resource allocations. The following project priorities have been proposed to assist with project 

phasing: 

- Priority 1 = Projects proposed to resolve insufficient level of service for existing conditions. 

- Priority 2 = Projects proposed to resolve insufficient level of service for future conditions. 
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Each CIP has been assigned one of the above project priorities. These priorities can assist the District in 

determining which project(s) are a higher priority to complete and can be phased based on budget and 

resource availability. A specific year of completion (e.g., complete by 2030 or complete within 5-years) 

was not provided to allow more flexibility. Projects should be implemented downstream to upstream in an 

effort to provide capacity in the downstream system. In addition, this will help prevent backups from 

moving from one area of the system to another. Projects that need to be completed prior to other projects 

beginning are shown by solid lines with arrows in the CIP figures. 

Priority 1 projects are intended to be completed before Priority 2 projects. Ideally, Priority 1 and 2 projects 

are completed within the 20-year planning period as included in this report. Following the 20-year planning 

period, any projects not completed should be reassessed to determine changes in the system and if these 

projects are still required. 

It should be noted that Project CS-CIP-08 is proposed to facilitate the addition of the James Hardie facility. 

This project should be completed prior to the facility coming into service. Close coordination should be 

conducted with the facility to confirm the exact discharge location, development schedule, flow allocations, 

and flow discharge timings. 

Figure 5-2 provides a summary of CIP priority and phasing.   
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6.0 CONCLUSION 

A hydraulic model was developed to evaluate the capacity of the Festus and Crystal City sanitary sewer 

systems during the five (5) year and twenty (20) year planning periods. The capacity analysis showed that 

the collection system experiences capacity restrictions and model predicted overflows for existing 

conditions and both the five (5) year and twenty (20) year planning periods. For existing conditions, the 

model predicts that approximately 20%, 21%, and 26% of gravity pipes within the collection system exceed 

the predicted d/D values of 100% for peaking factors of 2.6, 2.7, and 4.0, respectively. These pipes have 

adverse slopes and can be resolved with linear improvements in these areas, and eight (8) CIP projects have 

been developed to address these issues. However, due to the limited amount of information provided for 

model construction, the reversed slope in pipes may be due to data errors. System conditions should be 

confirmed before any CIP projects are considered. 

It should be noted that assumptions were required to populate some data items in the model that may impact 

the modeled results presented in this report. A list of key assumptions with possible areas of refinement is 

included below. 

- The rim and invert elevations in both the Festus and Crystal City sanitary systems were largely 

unknown and assumed through engineering judgment. Model refinement can be obtained by 

conducting survey and/or manhole inspections of both sanitary systems to confirm connectivity 

and profile data. 

- In addition to rim and invert elevations, pipe diameters and materials were largely unknown and 

spot verified through field investigations for the Crystal City sanitary system. Similar to the inverts, 

pipe materials and diameters can be refined in the model by conducting survey or CCTV condition 

assessment of the system.  

- The model was developed as a steady-state simulation due to the lack of continuous flow and 

rainfall monitoring data. If the District desires a more detailed understanding of system 

performance during wet weather events, the implementation of a flow monitoring program in the 

future would facilitate such analysis. This would allow for identification of potential sources of 

inflow and infiltration (I/I) and enable the District to better evaluate system response to variable 

flow conditions and storm events, supporting more refined CIP development. 

Planning-level Opinions of Probable Cost were developed for the eight (8) identified CIPs using regional 

unit pricing and engineering judgment. All estimates are presented in 2025 dollars and include a 20% 
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allowance for engineering and administration, along with a 30% contingency to reflect the preliminary level 

of design. Unit rates for linear gravity sewer construction range from $600 to $800 per linear foot, 

depending on complexity and site conditions. The Opinion of Probable Cost for all projects is summarized 

in Table 6-1.   

The total estimated CIP cost is approximately $18.6 million for peaking factors of 2.6 and 2.7, and $19.6 

million for a peaking factor of 4.0. These estimates are intended to serve as a starting point for capital 

planning and are subject to change pending further design development, permitting, and site-specific 

investigations. 

Table 6-1: CIP Project Cost Estimate Summary 

CIP Project 

No. 
Project Name 

Cost 

2.6 Peaking Factor 2.7 Peaking Factor  4.0 Peaking Factor 

1 
Sunset Park Linear 

Gravity Sewer 
Improvements 

$4,000,000 $4,000,000 $4,000,000 

1B 

Sunset Park Linear 
Gravity Sewer 

Improvements Part 
II 

$2,700,000 $2,700,000 $2,700,000 

1C 

Sunset Park Linear 
Gravity Sewer 

Improvements Part 
III 

$2,400,000 $2,400,000 $2,400,000 

2 
Holly Drive Linear 

Gravity Sewer 
Improvements 

$900,000 $900,000 $900,000 

3 

Chestnut Street 
Linear Gravity 

Sewer 
Improvements 

$800,000 $800,000 $800,000 

4 

Woodside Creek 
Drive Linear Gravity 

Sewer 
Improvements Part I 

$800,000 $800,000 $1,000,000 

4B 

Woodside Creek 
Drive Linear Gravity 

Sewer 
Improvements Part 

II 

$2,200,000 $2,200,000 $3,000,000 

5 

Festus Centre Drive 
Linear Gravity 

Sewer 
Improvements 

$600,000 $600,000 $600,000 
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CIP Project 

No. 
Project Name 

Cost 

2.6 Peaking Factor 2.7 Peaking Factor  4.0 Peaking Factor 

6 
Elks Drive Linear 

Gravity Sewer 
Improvements 

$1,400,000 $1,400,000 $1,400,000 

7 
Walmart Linear 
Gravity Sewer 
Improvements 

$1,000,000 $1,000,000 $1,000,000 

8 
County Road Linear 

Gravity Sewer 
Improvements 

$1,800,000 $1,800,000 $1,800,000 

Total Cost $18,600,000 $18,600,000 $19,600,000 
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APPENDIX C – CAPITAL IMPROVEMENT PROJECT MAPS
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1.0 EXECUTIVE SUMMARY 

Jefferson County Public Sewer District (District) acquired the Festus/Crystal City Wastewater Treatment 

Plant (WWTP) in 2024, originally constructed in 2001 as a sequencing batch reactor (SBR) facility. The 

plant serves primarily residential customers, with additional commercial and industrial customers and an 

anticipated large industrial contributor in the future. It is designed for an average flow of 3 MGD, a peak 

hourly flow of 12.5 MGD, with a peak of 14.7 MGD when decanting. 

The District engaged Burns & McDonnell to develop a WWTP Master Plan as part of a broader planning 

effort including the collection system to evaluate current conditions and identify capital improvements over 

a planning period of 20 years. The master plan included an on-site condition evaluation, operator and 

District staff input, review of historical flow and loading data, projections for future service area growth 

with input from the District, and a capacity evaluation to identify potential hydraulic and loading 

constraints. This Master Plan is intended to provide a budgetary plan for the Festus/Crystal City WWTP to 

position for future regulatory and capacity needs while improving operational reliability and efficiency. 

Improvements are grouped into seven Capital Improvement Projects (CIPs), with high-priority projects 

focused on expanding treatment capacity to treat projected organic and nutrient loadings. Table 1-1 provides 

a summary of the CIPs and rough order of magnitude (ROM) opinions of probable costs (OPC) with a more 

detailed table including project descriptions and drivers provided in Section 7.0. 

Table 1-1: Summary of Projects 

CIP Area Priority Project ROM Cost 

WWTP-CIP-1 SBR  High  Blower Room Improvements $780,000 

WWTP-CIP-2 SBR  High TP Chem Feed System $1,900,000 

WWTP-CIP-3 SBR High SBR Expansion $13,050,000 

WWTP-CIP-4 SBR Low 

Additional Instrumentation 

$1,520,000 Splitter Box Gate Actuators 

Diffuser Grid Replacement 

WWTP-CIP-5 IPS Medium 

Additional Influent Pump 

$720,000 
Concrete Coating 

HVAC Improvements 

Influent Pump Valves 

WWTP-CIP-6 Influent Screening Medium 
Screening Equipment 
Replacement 

$960,000 

WWTP-CIP-7 SCADA  Low SCADA Controls $980,000 

Total ROM Cost $19,910,000 
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2.0 INTRODUCTION 

2.1 Project Background 

The District owns and operates wastewater and water systems throughout Jefferson County. The 

Festus/Crystal City WWTP, acquired by the District in 2024, was constructed as an SBR facility in 2001, 

while repurposing the previous plant infrastructure for solids handling. Ultraviolet (UV) disinfection was 

added in 2007, and a UV effluent finger weir control structure was constructed in 2020. The plant is 

designed for an average flow of 3 million gallons per day (MGD), a peak hourly flow of 12.5 MGD, and a 

decant effluent flow of 14.7 MGD. It primarily serves residential customers throughout the Cities of 

Festus and Crystal City, with some commercial and industrial customers. The WWTP operates under 

NPDES permit number MO-0080632.   

The District contracted with Burns & McDonnell to develop a WWTP master plan as part of a broader 

planning initiative that also includes a collection system master plan. The purpose of this report is to 

evaluate existing facility conditions, assess hydraulic and loading capacities, and identify capital 

improvements over a 20-year planning horizon. The focus of this evaluation is on the treatment process 

and does not include detailed electrical, HVAC, mechanical, and structural evaluations of all buildings at 

the plant.  
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3.0 EXISTING CONDITIONS 

3.1 System Summary  

Influent wastewater first enters the influent pump station, where it is pumped to preliminary treatment 

consisting of screening and an aerated grit chamber. It then flows to one of four SBR basins for biological 

treatment. Decant from the SBRs is directed to UV disinfection, passes over a finger weir structure, and is 

then discharged to a tributary of Plattin Creek. A summary of this liquid treatment flow is shown in 

Figure 3-1. Solids are sent to aerobic digestion and are hauled off site without dewatering. An overall site 

plan is show in Figure 3-2. 

 

Figure 3-1: Process Flow Diagram of Liquid Treatment 

 

Figure 3-2: Site Plan 
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3.1.1 Influent Pump Station 

The influent pump station receives wastewater into a wet well equipped with submersible pumps, 

currently operating with two large (65 HP) and one smaller (45 HP) rental pump that the District intends 

to purchase. The station is designed to accommodate four pumps on variable frequency drives and wet 

well levels are monitored by a Doppler sensor with float backups. The wet well is a confined space, and 

while ventilation was originally installed, the supply fan is non-functional, preventing operator entry and 

requiring contracted support for maintenance. Each pump contains a dedicated discharge into a common 

effluent channel box, which then flows into the headworks for screening through a common header pipe. 

The dedicated pump discharge piping is arranged such that the discharge is above the operating water 

levels without backflow during pump off conditions in lieu of traditional isolation valve and check valves. 

The capacities of the influent pump station are summarized in Table 3-1. 

Table 3-1: Influent Pump Station Capacity  

Area Parameter Value Units 

Large Pumps 

No.  2 # 

Pump Type Submersible --  

Motor Size 65 HP 

Flow Rate 2882 GPM 

Total Dynamic Head 45 FT 

Controls VFD --  

Small Pumps 

No.  1 # 

Pump Type Submersible --  

Motor Size 45 HP 

Flow Rate 2700 GPM 

Total Dynamic Head 46.9 FT 

Controls VFD --  

3.1.2 Preliminary Treatment 

Preliminary treatment consists of screening and grit removal. The screening area includes a Parshall 

flume for flow measurement and a drum screen that washes, dewaters, and conveys screenings into a 

dumpster for landfill disposal. While the screen mechanism for debris removal and conveyance out of the 

channel is intended to be automated, operators have experienced mechanical issues requiring manual 

cleaning of debris. A bypass channel with a manually raked screen is available for use when the automatic 

screen is out of service or during primary channel overflow conditions.  
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The grit removal system is an aeroductor system manufactured by Lakeside Inc., consisting of a grit 

chamber and a grit classifier. Grit is dewatered and conveyed to a dumpster for landfill disposal, which 

operators typically replace weekly, although it is not full at the time of replacement. A new grit blower 

was installed in 2019. The grit removal room also houses a septic receiving station with a flow meter for 

customer billing, but it is currently not in use. Plant staff indicated that recent improvements to the grit 

removal mechanism were completed and the grit removal efficiency since the new improvements are 

unknown at the time of this study. Table 3-2 summarizes the preliminary treatment capacity.  

Table 3-2: Preliminary Treatment Capacity 

Area Parameter Value Units 

Parshall Flume 

No. 1 # 

Throat Width 18 inches 

Max Readout 15.87 MGD 

Bar Screen 
No. 1 # 

Hydraulic Rating 12.5 MGD 

Grit Chamber 

Length 21 FT 

Width 21 FT 

Liquid Depth 14 FT 

Volume 46,185 gal 

Grit Classifier Motor Size 0.75 HP 

3.1.3 SBR System 

The SBR system consists of four SBR basins complete with air diffuser discs and decanter arms, blowers 

and air piping, and waste activated sludge (WAS) pumps. The four equal-sized SBR basins are 

continuously fed and operate in a sequence of aeration, settling, and decanting, all within the same tank. 

Influent enters through a central splitter structure with four gates, distributing flow to each basin. The 

system runs one of three operating cycles based on flow conditions, with the normal cycle involving 2 

hours of aeration, 1 hour of settling, and 1 hour of decanting, repeated six times per day. The SBR control 

system is also equipped with an intermediate cycle mode and a storm cycle mode, depending on the 

influent flow where cycle times are adjusted accordingly.  

Aeration is provided by three blowers: one positive displacement (PD) blower and one screw blower 

(each dedicated to two basins), and one centrifugal blower used as a backup. The blower room is attached 

to the main control building, with an air header piping conveying air to the SBR tanks. Fine bubble 

membrane diffusers are installed within each tank to distribute diffused air during the aeration cycle. Each 

duty blower is assigned to two tanks such that only one of the two tanks is in the aeration cycle at once, 
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therefore open/close air header isolation valves control which tanks are receiving air. The backup 

centrifugal blower is on standby if one of the duty blowers goes offline, however, the blower is not 

connected to the SBR programmable logic controller (PLC) and therefore would require manual operation 

in the event of a duty blower failure.  

There are no secondary clarifiers; instead, a settling phase is utilized in the SBR. WAS is removed 

directly from the SBR basins after decanting. One submersible WAS pump per basin (four total) transfers 

the settled sludge to solids handling, while the supernatant flows to UV disinfection. The WAS pumps 

operate at an operator-adjustable time interval each cycle. The SBR system capacity is summarized in 

Table 3-3. 

Table 3-3: SBR System Capacity 

Area Parameter Value Units 

Original SBR 
Design Capacity 

Average Daily Flow 3 MGD 

BOD 3753 lb/day 

TSS 6005 lb/day 

TKN 651 lb/day 

SBR 

No. of tanks 4 # 

Tank width 70 ft 

Tank length 79 ft 

Tank operating depth 18 ft 

Tank volume 744,611 gal/basin 

Normal Cycle Time - Air  2 hr 

Normal Cycle Time - Settle 1 hr 

Normal Cycle Time - Decant 1 hr 

Normal Cycle Time - Total  4 hr 

WAS Pumps 

No.  4 # 

Pump Type Submersible  -- 

Motor Size 5 HP 

Flow Rate 300 GPM 

Total Dynamic Head 35 FT 

Controls On/Off - Modulating Valve 

Process Blowers 

PD - Air Flow 1625 scfm 

PD - Motor Size 100 HP 

Screw - Air Flow 2242 scfm 

Screw - Discharge Pressure 7.5 PSIG 

Screw - Motor Size 100 HP 

Centrifugal - Air Flow Unknown scfm 

Centrifugal - Motor Size 100 HP 
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3.1.4 UV Disinfection 

The UV disinfection system, constructed in 2010, receives decant flow from the SBR basins. Disinfection 

uses Ozonia vertical UV bulbs and includes an acid bath cleaning system and a jib crane. While bypass 

piping is available outside the building, operators typically continue to use the main channel, even during 

the non-recreational season (November – March) when UV disinfection is not required. An actuated gate 

originally used for level control was abandoned due to its inability to handle intermittent high decant 

flows; it was replaced with a finger weir structure in 2020. As a result of this change, the flow meter 

between the SBRs and UV is no longer in use because it is no longer needed to control the actuated gate. 

Following UV treatment and passage through the finger weirs, flow is discharged into Plattin Creek. 

Table 3-4 summarizes the UV system disinfection capacity.  

Table 3-4: UV Disinfection Capacity 

Area Parameter Value Units 

UV 

No. 2 Modules 

Lamps per Module  36 Lamps 

Headloss at peak 
flow (14.7 MGD) 6.05 inches 

UV Transmittance  70 % 

Design Dose 30 mJ/cm2 

 

3.1.5 Solids Handling 

The original plant, which existed prior to the construction of the SBR facility, was repurposed into the 

current solids handling facility with aerobic digestion. The system includes two tanks, and at the time of 

this study, no dewatering equipment was in place. Solids are hauled off-site by a contracted hauler 

approximately twice per year, and decant from the solids storage tanks is manually pumped by plant staff 

via lowering submersible pumps into the solids storage tanks and returned to the plant headworks. The 

District is actively working to improve the solids handling system, including the planned installation of a 

screw press for dewatering and the conversion of an unused room into laboratory space. Given these 

ongoing efforts by the District, this master plan does not contemplate specific solids handling 

improvements. 
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3.1.6 SCADA 

The plant’s SCADA system is limited in functionality, with control capabilities restricted to the SBR 

PLC. Overall, the system serves primarily as a monitoring tool rather than providing full remote 

operational control across the facility. Monitoring and control of the SBR tanks is done at the SBR 

control panel human machine interface (HMI).  

3.2 Historical Flows and Loadings 

3.2.1 Discharge Monitoring Report (DMR) Data 

DMR data from January 1, 2020, to November 30, 2024, was analyzed to characterize current wastewater 

characteristics received at and discharged from the Festus/Crystal City Wastewater Treatment Plant. Daily 

flow data was available, while influent concentrations of carbonaceous biochemical oxygen demand 

(CBOD) and total suspended solids (TSS) were provided approximately weekly and converted to loadings 

based on the flow rate. Influent ammonia, total Kjeldahl nitrogen (TKN), and total phosphorous (TP) were 

not historically measured. Data outliers (greater than two standard deviations) were excluded, and the 

median was used to represent average day flow and loading to minimize the influence of extreme values. 

The 91.7th percentile (11/12) was used to determine maximum month conditions, and the 99.7th percentile 

(364/365) was used for maximum day conditions. The statistical analyses used are summarized in Table 

3-5 while results of the DMR characterization is summarized in Table 3-6. Refer to the Hydraulic Model 

Report for additional information on influent flow.  

Table 3-5: Statistical Analyses Used for Flow and Loading Conditions 

Parameter Method 

Average Day (AD) 50 Percentile 

Max Month (MM) 91.7 Percentile 

Max Day (MD) 99.7 Percentile 

 

Table 3-6: Influent DMR Data Summary 

Constituent Average Day Max Month Max Day 

Flow (MGD) 1.7 2.9 4.4 

CBOD (lb/day | mg/l) 1,228 85 3,246 175 5,516 271 

TSS (lb/day | mg/l) 1,681 112 3,977 219 6,514 298 
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3.2.2 Sampling Data 

Sampling was conducted Monday through Friday over a two-week period from March 17 to March 28, 

2025, and included flow, CBOD, TSS, TKN, ammonia, and TP. Given the limited dataset, no outliers were 

removed; instead, minimum, average, and maximum values were calculated, with the average representing 

the true mean. This sampling effort confirmed trends observed in the DMR data and provided additional 

information for TKN, ammonia, and TP. The results of the sampling are summarized in Table 3-7.  

Table 3-7: Influent Sampling Data Summary 

Constituent 

No. Of 

Samples Minimum Average Maximum 

Flow (MGD) 10 1.7  1.8  2.0  

CBOD (lb/day | mg/l) 2 1,415 96 1,435 97 1,455 99 

TSS (lb/day | mg/l) 10 1,152 80 2,122 139 2,603 182 

TKN (lb/day | mg/l) 9 300 20 487 32 615 41 

Ammonia (lb/day | mg/l) 10 227 15 405 26 564 39 

Total Phosphorus (lb/day | mg/l) 10 59 4.0 112 7.3 168 11 

 

3.2.3 Effluent Summary 

This section includes a summary of the effluent DMR data compared to the permit levels for the WWTP. 

See Table 4-4 for a summary of the permit limit levels in Section 4.2. 

CBOD 

The average effluent CBOD concentration was 3.5 mg/L, based on 246 sample points collected 

approximately weekly. As shown in the Figure 3-3 and Figure 3-4, all DMR sampling results were below 

the permitted limit. Between January 2022 and March 2024, the detection limit for CBOD was 4.0 mg/l 

which explains why most of the data points in the graph during that time are 4.0. Monthly averages were 

calculated using all samples collected within each respective month. 
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Figure 3-3: CBOD Effluent vs Daily Max Permit 

 

 

Figure 3-4: CBOD Effluent vs Monthly Average Permit 
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review. As shown in Figure 3-5 and Figure 3-6, all DMR sampling results were below the permitted limit. 

Monthly averages were calculated using all samples collected within each respective month. 

 

 

Figure 3-5: TSS Effluent vs Weekly Average Permit 

 

 

Figure 3-6: TSS Effluent vs Monthly Average Permit 
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E.Coli 

The average effluent E.Coli was 5.4 #/100ml, based on 152 samples collected approximately weekly. 

Each sample was assumed to be representative of a weekly average for the permit compliance review. As 

shown in Figure 3-8 and Figure 3-7, all DMR sampling results were below the permitted limit. Monthly 

averages were calculated using all samples collected within each respective month. 

 

Figure 3-7: E.Coli Effluent vs. Weekly Average Permit Level 

 

0

100

200

300

400

500

600

700

1/1/2020 2/4/2021 3/11/2022 4/15/2023 5/19/2024

#
/1

0
0

m
L

E.Coli Effluent vs. Weekly Average Permit Level

E.Coli Effluent Permit Level



Festus/Crystal City WWTP Master Plan         Existing Conditions 

  

Jefferson County Public Sewer District 3-11 Burns & McDonnell 

 

Figure 3-8: E.Coli Effluent vs. Monthly Average Permit 
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Figure 3-9: Ammonia as N Effluent vs. Daily Max Permit Level 

 

 

Figure 3-10: Ammonia as N Effluent vs. Monthly Average Permit Level 
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Figure 3-11: Oil & Grease Effluent vs. Daily Max Permit Level 

 

 

Figure 3-12: Oil & Grease Effluent vs. Monthly Average Permit Level
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4.0 BASIS OF DESIGN 

4.1 Residential and Industrial Growth 

The District and Burns & McDonnell met in April 2025 to confirm anticipated population growth for Festus 

and Crystal City’s service areas for the 20-year planning period. During this meeting, it was determined by 

the the District that development in both cities was assumed to follow linear growth patterns across the 

twenty-year planning period, with a 300,000 gpd increase in flow in Festus, and a 50,000 gpd increase in 

flow in Crystal City. In total, the service area is anticipated to grow by 0.35 MGD from residential growth 

over the next 20 years, which correlates to an approximate 20% increase in average flow.  

Table 4-1 summarizes the projected flow and loading based on the future conditions considering residential 

growth only. Future loadings for CBOD and TSS were calculated by increasing the historical DMR data 

average day, max month, and max day loadings by the expected average day increase in flow of 

approximately 20%. This assumes a similar wastewater makeup for future flows. The average loadings for 

TKN and TP were calculated by increasing the average loadings from the sampling plan summary by the 

same proportion. The average ammonia loading was calculated using the observed Ammonia/TKN ratio of 

0.8 from the sampling plan data. The max month and max day loadings for TKN, ammonia, and TP were 

then calculated using the max month to average day (MM:AD) and max day to average day (MD:AD) ratios 

observed from the DMR dataset of 2.6 and 4.5, respectively. This observed MM:AD ratio of 2.6 is on the 

higher end of typical MM:AD ratios for municipal wastewater systems and could be attributed to low 

velocities in the collection system piping during dry weather flows, allowing for solids deposition in piping. 

During wet weather flows, these solids would then be conveyed to the plant with higher velocities. This 

could contribute to lower strength wastewater under dry weather conditions and increased loadings during 

wet weather conditions.  

Table 4-1: Future Flows and Loading Projections (Residential Only) 

Parameter Avg. Day Max Month Max Day 

Flow (MGD) 2.05 3.5 5.3 

CBOD (lbs/day) 1,480 3,920 6,660 

TSS (lbs/day) 2,030 4,800 7,850 

TKN (lbs/day) 590 1,530 2,650 

NH3-N (lbs/day) 470 1,210 2,100 

TP (lbs/day) 130 350 590 
Note: Flows above 5.3 MGD were observed during wet weather conditions. 
Influent pump station capacity will be sized as described in Section 6.1. 
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A significant industrial user, with facilities currently under construction, is expected to come online in the 

future and contribute additional flow and loading to the WWTP. A 2022 memo from Horner & Shifrin, 

included as Appendix A, summarizes the anticipated flows and loads from this industrial user. Table 4-2 

presents the projected influent values to the WWTP, taken directly from the memo, which were used to 

further develop the future conditions basis of design for this planning effort. 

Table 4-2: Anticipated Industrial Influent From 2022 Horner Shifrin Memo 

Parameter Units Industrial Influent 

Flow MGD 1 

BOD mg/l 240 

TSS mg/l 100 

TKN mg/l 12 

TP mg/l 1 

Sulfates  mg/l 600 

Alkalinity mg/l, as CaCO3 398 

Ca mg/l 140 

Mg mg/l 40 

Temperature Degrees F 104 

 

It was assumed all industrial growth for the service area comes from this one industrial user. Table 4-3 

summarizes the projected flows and loads when the new industrial user is fully operational based on the 

anticipated flows and loads from the 2022 Horner Shifrin Memo. The industrial user is expected to develop 

the site in two phases, however, the expected timing of the two phases is currently unknown.  

Table 4-3: Future Flows and Loading Projections (Residential + Industrial) 

Parameter Avg. Day Max Month Max Day 

Flow (MGD) 3.05 5.1 7.8 

CBOD (lbs/day) 3,480 5,920 8,660 

TSS (lbs/day) 2,860 5,630 8,680 

TKN (lbs/day) 690 1,630 2,750 

NH3-N (lbs/day) 550 1,290 2,180 

TP (lbs/day) 140 360 600 
Note: Flows above 7.8 MGD were observed during wet weather conditions. 
Influent pump station capacity will be sized as described in Section 6.1. 

4.2 Regulatory Review 

Table 4-4 summarizes the final effluent limitations from the current NPDES permit. In addition, the plant 

is required to monitor and report effluent daily maximum and monthly average effluent limits for flow, 

TP, total nitrogen, lead, and zinc. The full NPDES permit can be found in Appendix B. 
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Table 4-4: Permit Final Effluent Limitations 

Effluent 

Parameter 
Units Date Range 

Daily 

Maximum 

Weekly 

Average 

Monthly 

Average 

CBOD mg/l 
May 1 - Oct 31 15   10 

Nov 1 - Apr 30 25   15 

TSS mg/l     45 30 

E.coli #/100ml     630 126 

Ammonia as N mg/l 
Apr 1 - Sep 30  5.2   1.3 

Oct 1 - Mar 31 10.4   2.7 

Oil & Grease mg/l   15   10 

 

While the exact timing and limit is uncertain, TP limits for all major publicly owned treatment works 

(POTWs) in Missouri are anticipated to take effect in 2033. Major POTWs are defined as facilities with 

flows over 1 MGD, which includes the Festus/Crystal City WWTP. For this planning effort, a future TP 

limit of 1 mg/L was assumed. Currently, there is no dedicated phosphorus treatment provisions, either 

biological or chemical, at the plant and additional treatment will likely be needed to meet this anticipated 

future permit limit. At this time, there are no known or anticipated changes for the current limits on 

CBOD, TSS, E. coli, ammonia, or oil and grease; however a future effluent target of 1 mg/L of ammonia 

as nitrogen was assumed for this study.  

Future flow conditions from residential and one industrial user are projected to reach 3.05 MGD, which 

exceeds the current plant’s permitted average day capacity of 3.0 MGD. As a result, an increase in the 

permitted average day capacity will be required. It is generally recommended to evaluate capacity 

upgrades once average flows exceed 80% of the permitted capacity, a threshold the facility is projected to 

surpass. 
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5.0 CONDITION ASSESSMENT FINDINGS 

5.1 Summary 

Representatives from Burns & McDonnell and the District conducted a facility walkthrough on January 

29, 2025. The team evaluated all major process areas, gathered operator feedback, and documented 

observations with photos. Each area was then assigned a condition rating on a scale of 1 to 5 in 

coordination with the District, with the ratings legend outlined in Table 5-1. Table 5-2 summarizes the 

ratings for each process area, with additional details provided in the following sections. 

Table 5-1: Condition Assessment Ratings Legend 

Physical Condition 
Performance 

Level of Service (LOS) 
Rating 

Excellent: No deterioration, normal maintenance. 
>80% of useful life remains. 

Exceeds LOS 1 

Good: Minor deterioration, function well, minor 
maintenance required. 60-80% of useful life 
remains. 

Meets LOS 2 

Fair: Moderate deterioration, function partially 
limited, significant maintenance required. 
Refurbishment in next 10 years. 40-60% of useful 
life remains. 

Meet LOS with limitations 3 

Poor: Severely deteriorated, cannot function well, 
significant renewal required in next 5 years. 20-
40% of useful life remains.  

Difficult to meet LOS 4 

Failing: Cannot function, less than 20% of useful 
life remains.  

Cannot meet current or near-future 
(within 5 years) LOS 

5 

 

Table 5-2: Condition Assessment Ratings Summary 

Process Area Condition Rating 

Influent Pump Station 2 

Screening 3 

Grit Removal System 2 

SBR Basins 2 

Process Blowers 3 

UV Disinfection 2 

Solids Handling 4 

SCADA 3 
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5.2 Influent Pump Station 

The influent pump station, as shown in in Figure 5-1, received an overall condition rating of 2, with the 

infrastructure generally functioning well for its intended purpose. The effluent pumping chamber is 

exposed to significant levels of hydrogen sulfide (H₂S), for which a protective coating can be applied to 

preserve the integrity of the concrete. Minor piping corrosion was observed throughout the area. 

Additionally, the ventilation system is currently inoperable, preventing operators from safely entering the 

station; as a result, contractors are hired to perform maintenance. The team was not able to enter the wet 

well to visually inspect the pumps due to this safety limitation. Replacing the supply fan is identified as a 

project to restore proper ventilation. The pumps currently lack check and isolation valves on the discharge 

lines; these can be installed to provide future design flexibility. While the station was originally designed 

for four pumps, only three are currently installed. As discussed in Section 6.1, adding a fourth pump will 

restore the station to its intended capacity. Operators indicated that the existing monorail hoist system 

functions well for removing the pumps.  

 

Figure 5-1: Influent Pump Station 
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5.3 Preliminary Treatment 

5.3.1 Screening 

The screening area received a condition rating of 3 due to operational limitations. Operators reported 

frequent issues with rags and debris making it past the screen, particularly accumulating in the UV 

system, indicating that the current screen is not effectively removing unwanted debris. Additionally, the 

screen requires frequent manual debris removal, which increases operational burden. As a result, it is 

identified as a project to replace the screen and upgrade the non-potable water system to allow for 

automatic screen cleaning. A photo of the screen is shown in Figure 5-2 and the manual bypass screen in 

Figure 5-3. The parshall flume and flow meter, and shown in Figure 5-4, appeared to be in good condition 

and serving its intended purpose.  

 

Figure 5-2: Influent Screening 
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Figure 5-3: Manual Bypass Screen 

 

Figure 5-4: Parshall Flume 
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5.3.2 Grit Removal System 

The grit removal system received an overall condition rating of 2 due to recent rehabilitation efforts and 

noted removal efficiency by operations staff. The blower (Figure 5-7), installed in 2019, is reported by 

operators to function well, though it lacks the ability to modulate airflow. At the time of the site visit, 

operators noted that grit removal performance was poor; however, they were experiencing unusually high 

flows at the time. It was later discovered that the increase in influent flow was caused by an open drain 

valve in the grit tank causing recirculating flow back to the influent pump station. Since resolving this 

issue, operators have observed improved grit removal performance and normal influent flows. Photos of 

the grit chamber and grit classifier can be seen in Figure 5-5 and Figure 5-6 respectively.  

 

Figure 5-5: Grit Chamber 
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Figure 5-6: Grit Classifier and Washer 

 

Figure 5-7: Grit Blower 
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5.4 SBR System 

5.4.1 SBR Basins 

The SBR basins received an overall condition rating of 2 and seemed to be in good operating condition at 

the time of the site visit (Figure 5-8). The splitter box gates are manually operated, and operators 

indicated that actuated gates would improve functionality (Figure 5-11). During cold weather, the decant 

motors are prone to freezing, prompting operators to construct temporary shelters for freeze protection as 

shown in Figure 5-12. While not listed as a CIP, the District may consider covering the motors with 

insulated, removable jackets or adding a heat trace to prevent the motors from freezing. Typical SBR 

basin during aeration can be seen in Figure 5-9 and the decanter can be seen in Figure 5-10. At the time of 

the visit, all basins contained flow, so the team was unable to visually inspect the disc diffusers; however, 

operators noted they were installed in 2004 and since then only a couple hundred in basin 4 have been 

replaced. Because disc diffusers typically have a life span of less than 20 years, a project was identified to 

replace the diffuser grids within all tanks. Two of the four WAS pumps were recently replaced, and the 

District is currently planning to replace the remaining two. Due to this ongoing effort by the District, 

there are no additional projects for the WAS pumps identified as part of this Master Plan. Currently, there 

are dissolved oxygen (DO) probes in the basins, but the operators indicated it would be beneficial to have 

additional instrumentation such as analyzers for pH, TSS, and ammonia. It was noted that the existing 

instrument controllers have spare ports for additional instrumentation implementation.  

 

Figure 5-8: SBR Basins 
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Figure 5-9: SBR Basin During Aeration Cycle 

 

Figure 5-10: Typical SBR Basin Decanter 
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Figure 5-11: SBR Splitter Structure Manual Gates 

 

Figure 5-12: Temporary Decanter Motor Shelter 
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5.4.2 Process Blowers 

The blowers received an overall condition rating of 3 due to limited functionality. There are three types of 

blowers on site—PD (Figure 5-13), screw (Figure 5-14), and centrifugal (Figure 5-15)—each with 

different intake configurations. The screw and centrifugal blowers draw intake air from the process room, 

while the PD blower pulls air from outside. The screw blower was noted to be loud and is enclosed in a 

sound enclosure for hearing protection; as a result, it was unable to be visually inspect beyond the 

enclosure. The centrifugal blower serves as a standby backup, requires manual operation, and has an 

unknown design airflow, although it has the same motor size as the other blowers (100 HP). Additionally, 

the blower room contains electrical equipment for the blowers, including variable frequency drives 

(VFDs), and lacks air conditioning, which operations staff mentioned can cause operational challenges in 

hot weather. HVAC improvements are identified to maintain temperatures within the blower room at 

recommended levels for the blower and associated electrical equipment. Air conditioning is a more 

practical solution when all blowers draw inlet air from the outside, as opposed to from the room.  

 

Figure 5-13: Positive Displacement Blower 
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Figure 5-14: Screw Blower Enclosure 

 

Figure 5-15: Standby Centrifugal Blower 
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5.5 UV Disinfection 

The UV disinfection system received an overall condition rating of 2. Figure 5-16 shows the outside of 

the UV building and part of the finger weir structure. Operators reported that the UV system is 

functioning well and is generally in good condition as seen in Figure 5-17. However, the most significant 

challenges include the presence of rags, attributed to ineffective upstream screening, and difficulties 

operating the jib crane due to issues with the hoist (Figure 5-18). While not listed as a CIP, the District 

may consider replacing the jib crane motor to address existing hoist issues. Based on operator feedback, 

the crane structure itself is in acceptable condition and does not require replacement, only the motor needs 

to be addressed. Additionally, operators noted ongoing issues with birds inside the building. The District 

may consider installing soffit panels or bird repellent strips to deter birds and reduce associated 

maintenance concerns.  

The finger weir structure was not evaluated during the site walk but operators indicated that it has been 

functioning well. It was constructed within the last five years and is assumed to be in good condition.  

 

Figure 5-16: UV Building and Finger Weir Structure 
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Figure 5-17: UV Disinfection Channel and Bulbs 

 

Figure 5-18: UV Jib Crane 
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5.6 Solids Handling 

The solids handling system received a condition rating of 4. The infrastructure is aging, as it was 

repurposed from the original plant, and shows visible signs of wear (Figure 5-19). Additionally, the 

available storage volume and lack of dewatering capability may be insufficient during times when land 

application is not feasible. However, due to ongoing improvement projects already being implemented by 

the District, no additional upgrades were identified for inclusion in the capital improvement plan as part 

of this master planning effort. Space is available for future dewatering equipment as seen in Figure 5-20. 

Operations staff indicated there is one screw blower, lacking a sound enclosure unlike the SBR process 

blower, and one centrifugal blower similar to the backup process blower for solids handling back up. In 

addition to the planned installation of dewatering equipment, the District should consider replacing the 

existing tanks, verifying sufficient blower sizes, and providing identical blowers for improved operational 

efficiency and maintenance. 

 

Figure 5-19: Solids Handling Tank and Walkway 
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Figure 5-20: Future Dewatering Equipment Area 

 

5.7 SCADA 

The plant SCADA system, as seen in Figure 5-21, received an overall condition rating of 3. It currently 

has limited control capabilities and is primarily used for monitoring. Most control functions are tied 

directly to the SBR PLC and HMI screen. It was identified as a CIP to connect the SBR controls to the 

SCADA system, as well as improved monitoring and desired remote controls for additional equipment 

such as the additional SBR instrumentation, actuated slide gates, influent screen, influent pump, and UV 

equipment to expand overall control capabilities to improve operational efficiency and system integration. 

 



Festus/Crystal City WWTP Master Plan         Condition Assessment Findings 

  

Jefferson County Public Sewer District 5-16 Burns & McDonnell 

 

 

Figure 5-21: Existing SCADA Screen
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6.0 CAPACITY ASSESSMENT FINDINGS 

A hydraulic evaluation was conducted to determine the apparent capacity of each unit process and 

identify potential bottlenecks throughout the WWTP. The evaluation focused on hydraulic throughput and 

organic treatment capacity for key unit processes, including pumping systems, influent screening, grit 

removal, SBR basins, and disinfection. Existing capacities for each system are detailed in Section 3.0 

Existing Conditions. The plant was originally designed to accommodate a peak instantaneous hydraulic 

capacity of 12.5 MGD. 

6.1 Influent Pump Station 

The influent pump station was originally designed for a peak flow of 12.5 MGD with four pumps; 

however, the current configuration does not meet this capacity under a firm capacity scenario. The station 

currently operates with two large pumps rated at 2,882 GPM and one smaller pump rated at 2,700 GPM. 

With one large pump out of service, the resulting firm capacity is 8 MGD, highlighting the need for an 

additional pump. If one additional large pump is installed while retaining the smaller pump, the firm 

capacity would increase to 12.2 MGD, still slightly below the design peak flow. To achieve the full firm 

capacity of 12.5 MGD, all four pumps would be required to be the larger size. 

6.2 Preliminary Treatment 

The screening and grit removal systems were hydraulically designed for a peak flow of 12.5 MGD, which 

appears to be sufficient for future flow scenarios. 

6.3 SBR System 

The SBR basins were designed to handle a peak wet-weather influent flow of 12.5 MGD and a decant 

flow of 14.7 MGD. From a hydraulic standpoint, the secondary treatment system is well-sized, and there 

are no hydraulic concerns at this time. 

6.3.1 Organic Loadings 

Table 6-1 summarizes the original SBR design capacity in terms of flow and organic loadings compared 

against existing conditions, future projections for residential growth only, and future conditions for 

residential growth and anticipated industrial loadings. Existing maximum month conditions are within the 

existing SBR design capacity, with the exception of the TKN loading, which is noted to be significantly 

higher. This likely contributes to the historical instances of ammonia exceedances. Future maximum 
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month conditions for residential growth only is similar, but with BOD loadings exceeding the original 

capacity as well. The existing SBR manufacturer (now Xylem), noted that at these maximum month 

loadings would stress the existing SBR tanks but with operational updates and higher mixed liquor 

suspended solids (MLSS) concentrations, but would likely be able to maintain effluent compliance. 

However, there would be little flexibility for the addition of anoxic/anaerobic time for denitrification 

and/or biological phosphorus removal thus a chemical feed system for the precipitation of phosphorus 

was identified as a CIP.  

For the future residential growth and anticipated industrial contribution scenario, maximum month 

conditions well exceed existing plant capacity. Alternatives for process intensification were explored to 

achieve additional treatment out of the existing treatment volumes. Process intensification alternatives 

explored included BioMag (Xylem), InDense + miGRATE (World Water Works), and AquaNereda 

(Aqua-Aerobics). Each alternative generally consisted of selective sludge wasting to promote the growth 

of aerobic granular sludge (AGS) to achieve improved settling rates (to decrease the duration of the 

settling phase) and promote intensified biological treatment through sludge granules, acting similar to a 

fixed film process or attached growth process. However, with each alternative considered, a significant 

amount of new infrastructure would be required to fully implement the intensification process on top of 

the capital-intensive equipment provided by manufacturers. Additionally, intensification alternatives did 

not fully meet future maximum month conditions within the existing treatment volume. While 

intensification could be further explored if full buildout conditions are determined to be unlikely for the 

planning period, the intensification alternatives require substantial additional infrastructure such as WAS 

holding tanks, chemical storage and feed systems, compressed air systems, pumping, equipment skids, 

media retention screening, and control system upgrades; depending on the technology.  

In addition to process intensification within the existing tank volume, construction of additional SBR 

tanks was considered. Due to the considerations noted above, the addition of two additional SBR tanks 

adjacent to the existing basin was selected for additional treatment volume and similar operations for the 

full buildout conditions. With the increased TKN and CBOD loadings, there is again limited flexibility 

for anoxic or anaerobic conditions and the addition of an alum feed system for phosphorus precipitation is 

still included as a CIP for phosphorus removal and/or trimming in the future. A detailed process report 

provided by Xylem for the SBR with 6 tanks at the future maximum month conditions is provided in 

Appendix C.  
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Table 6-1: Summary of Loading Capacity For Projected Scenarios 

 

6.3.2 Aeration Demands 

The existing blower firm capacity is unknown due to the lack of air flow data for the centrifugal blower. 

The PD blower provides 1,625 standard cubic feet per minute (SCFM), and the screw blower provides 

2,242 SCFM, totaling 3,867 SCFM. Currently, one blower supplies air to two basins (one at a time), with 

the centrifugal blower serving as a swing blower for redundancy. With the proposed addition of two new 

basins (for a total of six basins), maintaining the same control configuration would require a fourth 

blower to allow each blower to serve two basins with one blower for redundancy. However, the existing 

blower room lacks space to accommodate a fourth blower, and expanding the room would require 

relocating the transformer outside the building. Constructing a new blower room, potentially attached to 

the proposed chemical feed building northeast of the new basins, was also considered. However, that area 

is limited by the floodplain boundary and may require a higher capital investment. Given these limitations 

and feedback from the District, this report considers maintaining the current configuration of three 

blowers, two duty and one standby, with each blower supplying air to three basins (serving up to two at a 

time).  

Under projected maximum month TKN and CBOD loadings, each blower must deliver at least 1,890 

SCFM for oxygen transfer demands. While the existing screw blower can meet this future demand, the 

PD blower cannot. Therefore, the corresponding CIP includes replacing the PD and centrifugal blowers 

with screw blowers, similarly sized to the existing, to meet the projected capacity requirements and 

provide equipment consistency.  

6.4 UV Disinfection 

The UV disinfection system is sized to handle flows up to 14.7 MGD and a UV dosage of 30 mJ/cm2 at a 

UV transmittance of 70% UVT. With the peak decant flow rate not anticipated to increase for future 

conditions even with the addition of two SBR tanks, there appears to be sufficient hydraulic and disinfection 

capacity, assuming a 70% UVT or higher is maintained. 
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7.0 CAPITAL IMPROVEMENT PROJECTS 

Based on the existing conditions evaluation, input from operators, District staff, and the capacity 

evaluation, this section outlines the identified CIPs for the facility. Table 7-1 summarizes each project 

along with its priority, primary driver, and ROM cost. Where appropriate, projects are grouped into a 

single CIP for constructability and budgeting efficiency. The following sections provide additional details 

on each CIP.  

Estimates, forecasts, projections, and schedules prepared by Burns & McDonnell related to costs, 

quantities, demand, or pricing (including, but not limited to, property costs, construction, operations, 

maintenance costs, and/or energy or commodity demand and pricing), are opinions based on Burns & 

McDonnell’s experience, qualifications, and judgement. Burns & McDonnell has no control over weather, 

cost and availability of labor, material and equipment, labor productivity, energy or commodity pricing, 

demand or usage, population demographics, market conditions, changes in technology, and other 

economic or political factors affecting such estimates or projections. In addition, Burns & McDonnell has 

no control over the uncertainty and potential disruptions to the labor and work force and supply chain 

caused by a regional, national, or global outbreak and spread of an infectious disease, such as COVID-19. 

Additionally, the uncertainty and potential disruptions to material pricing and supply chain caused by 

tariffs may have an impact on these projects, the exact cost of which can neither be predicted nor 

controlled. At this time, it is impossible to foresee or to predict the full impact of tariffs around the world 

and, therefore, no additional cost nor contingency specifically for tariffs were included. It should be 

acknowledged that actual results may vary significantly from the representations and opinions herein, and 

nothing herein shall be construed as a guarantee or warranty of conclusions, results, or opinions. Burns & 

McDonnell makes no guarantee or warranty (actual or implied) that costs, schedules, quantities, and 

related items will not vary from the opinions contained in the estimates, schedules, results, or other 

statements or opinions prepared by Burns & McDonnell. 

For costs on new construction, regional costs were used based on Burns & McDonnell’s experience on 

similar projects. Opinions of probable costs have been developed for each of the planning level CIPs and 

should be verified during detailed design. It should be noted that costs are in 2025 dollars. Costs were not 

inflated for CIPs based on project priority or anticipated phasing. Subtotal costs have been rounded up to 

the nearest $10,000 prior to adding engineering and contingency. A 12-percent cost (based on the project 

subtotal) was included to account for engineering fees. A 30-percent contingency (based on the project 

subtotal) was applied to all CIPs to account for the construction cost and design efforts due to the 

planning level of detail. 
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Table 7-1: Detailed Summary of Projects 

CIP Area Priority Project Project Description Project Rationale ROM Cost 

WWTP-
CIP-1 

SBR  High  
Blower Room 
Improvements 

Replace current blower configuration with 
three identical blowers each sized for at 
least 2000 SCFM. Also install a full HVAC 
system in blower room 

Current configuration will not meet future 
demand and presents operational 
challenges with various blower types 

$780,000 

WWTP-
CIP-2 

SBR  High 
TP Chem Feed 
System 

Install a chem feed system to dose alum in 
SBR basins  

Current configuration will not meet 
anticipated phosphorus limits with 
biological removal only so chemical 
addition is necessary 

$1,900,000 

WWTP-
CIP-3 

SBR High SBR Expansion 

Construct two new additional SBR basins 
including a new splitter box, influent and 
effluent piping, air piping, extending the 
existing walkway, instruments, diffuser 
grid, and process intensification.  

Current configuration will not meet 
anticipated loading from new industrial 
user  

$13,050,000 

WWTP-
CIP-4 

SBR Low 

Additional 
Instrumentation 

Add new pH, TSS, and NH3 analyzers in 
each basin 

Additional information will allow 
operators to optimize the process 

$1,520,000 
Splitter Box Gate 
Actuators 

Install electric actuators on the gates in the 
splitter box structure 

Improved operations and maintenance 
control 

Diffuser Grid 
Replacement 

Replace the diffuser grid in all basins 
Operator noted some need replacement and 
they are past their useful life 

WWTP-
CIP-5 

IPS Medium 

Additional 
Influent Pump 

Install a fourth pump to provide a firm 
capacity of 12.5 MGD 

Current pumps cannot meet max flow 
demand 

$720,000 

Concrete Coating 
Coat the concrete in the influent pump 
station 

Concrete in head tank appears to be 
deteriorating  

HVAC 
Improvements 

Repair HVAC equipment including the 
originally designed supply fan 

Operators cannot currently enter the 
confined space due to safety concerns 

Influent Pump 
Valves 

Install isolation valves and check valves on 
each influent pump discharge line  

Future design flexibility 

WWTP-
CIP-6 

Influent 
Screening 

Medium 
Screening 
Equipment 
Replacement 

Replace the existing screen with a new one 
and complete updates to non-potable water 
system 

Current screen is ineffective in preventing 
debris from getting through and often 
requires manual cleaning 

$960,000 

WWTP-
CIP-7 

SCADA  Low SCADA Controls 
Integrate controls into existing SCADA 
system 

Existing SCADA is limited to monitoring 
only 

$980,000 

Total ROM Cost $19,910,000 
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7.1 WWTP-CIP-1 – 4: SBR 

The highest priority projects identified in this master plan focus on expanding treatment capacity to 

accommodate projected loading increases and are addressed through WWTP-CIP-1 to WWTP-CIP-3. 

WWTP-CIP-4 includes operational enhancements that, while not critical, would improve efficiency and 

ease of maintenance. 

WWTP-CIP-1 includes replacing the existing positive displacement and centrifugal blowers with new 

screw blowers to meet future aeration demands. This is discussed in more detail in Section 6.3.2 Aeration 

Demands. An alternative option is to install turbo blowers, although operators noted past issues with that 

technology. Improvements also include connecting all blowers to a common air header and installing 

modulating valves on individual basin air lines to each existing and future SBR tank. The District may 

consider adding flow meters on the air lines during detailed design; however, they were not included at 

this time. With future SBR expansion provisions, a single blower may be assigned to three tanks and 

would require air distribution to two tanks at once. With differing water levels anticipated in individual 

tanks, modulating valves and flow measurement would be required to distribute airflow equally. 

Additionally, pulling intake air from outside the room and upgrading the HVAC in the blower room can 

help protect equipment from extreme temperatures. During the full design, the District may also review 

the equipment pad sizing to confirm they are sized appropriately for all blowers.  

WWTP-CIP-2 addresses future phosphorus limits (anticipated by 2033) by installing an alum feed system 

for chemical precipitation. The conceptual design system includes a 6,100-gallon tank for 30-days storage 

under average condition, four chemical feed pumps (3 duty, 1 stand by), and a new approximately 

32’x20’ chemical storage building with an electrical room. Conceptual design of the chemical storage 

building and site plan are available in Appendix D. Because alum use for phosphorus precipitation 

typically increases sludge production by up to 20%, the District should take this into consideration for 

ongoing and future solids handling improvements. The District may also want to consider supplemental 

alkalinity for pH adjustment with the alum feed system.  

WWTP-CIP-3 is intended to address the increased organic loadings anticipated for full future build-out of 

residential growth and anticipated industrial contributions. The project involves constructing two new 

SBR basins northeast of the existing tanks; demolishing and rerouting existing air, SBR effluent, and non-

potable water (NPW) piping; and constructing a new splitter box with actuated gates. Additional 

improvements include installing SBR equipment such as decanters, membrane disc diffusers, 

instrumentation within the tanks, as well as extension of the existing walkway. Appendix E provides a 



Festus/Crystal City WWTP Master Plan  Capital Improvement Projects 

 

 

Jefferson County Public Sewer District 7-4 Burns & McDonnell 

conceptual layout of the proposed piping and basin modifications. The site is currently protected by a 

levee, and all existing structures are located outside the designated floodplain. A FEMA floodplain map is 

included in Appendix F. The proposed additional SBR basins should be reviewed and confirmed with the 

local floodplain authority during detailed design to confirm compliance prior to construction. 

WWTP-CIP-4 groups several operational improvements with respect to the SBR basins: installing new 

analyzers/probes (pH, TSS, and ammonia) in each existing basin, retrofitting the splitter box gates with 

electric actuators, and replacing aging fine bubble diffusers (based on operator feedback). Additionally, 

the District can consider addressing the freezing issues at the decanter motors as described in Section 

5.4.1. The District may also consider installing analyzers for oxidation-reduction potential (ORP) and 

orthophosphate for additional monitoring.  

7.2 WWTP-CIP-5: Influent Pump Station 

WWTP-CIP-5 includes several improvements to the influent pump station to address both capacity and 

condition concerns. As detailed in Section 6.1, the current pump configuration has a firm capacity of only 

8 MGD and cannot achieve the design peak hour flow of 12.5 MGD. Therefore, this project includes 

installing one additional large pump (2,882 GPM) in the existing empty space. However, if the smaller 

pump is retained, the firm capacity would only reach 12.2 MGD, just below the peak hour flow design. 

To achieve the full 12.5 MGD firm capacity, the smaller pump would also need to be replaced with a 

larger unit, resulting in four equal-capacity pumps. During the condition assessment, visible deterioration 

of the concrete at the influent pump station was noted, particularly in the discharge channel. At a 

minimum, the effluent channel should be coated using a high-performance concrete coating. Concrete 

rehabilitation may be required prior to application of the coating. Additionally, the original pump station 

construction included supply fans for wet well ventilation in the confined space, but they are currently 

nonfunctional. Replacing these fans and restoring HVAC functionality would allow operator access for 

maintenance and potentially reduce reliance on third-party contractors for wet well access. Lastly, the 

pump discharge lines currently lack valves; installing both isolation and check valves on each line would 

provide future flexibility if the District decides to install a piped header instead of discharging into the 

concrete channel.  

7.3 WWTP-CIP-6: Influent Screening 

The current screen is ineffective, as indicated by the presence of rags reaching the UV disinfection system 

and requires frequent manual debris removal. The identified project includes replacing the existing screen 

with a new drum screen to improve solids removal. Alternatively, a different type of screen technology 
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can be considered if desired but may require channel modifications. Additionally, improving the non-

potable water (NPW) system to reliably supply cleaning water to the screen is included in this CIP to 

reduce the operational burden on staff for manual cleaning. The District may consider replacing the 

influent screening at the same time as WWTP-CIP-3 to protect new SBR equipment installed.  

7.4 WWTP-CIP-7: SCADA  

The SCADA system currently has limited control capabilities and is primarily used for monitoring. This 

CIP includes connecting the SBR PLC and controls to the plant SCADA system, as well as improved 

monitoring and desired controls for additional WWTP equipment, to expand overall plant control 

capabilities and improve operational efficiency and system integration. The District noted cybersecurity 

concerns for a fully remote capable plant, however, so considerations for limited authorized users and 

cybersecurity protection should be included.  
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Memorandum 

 
TO: Sean Parks, Sr. Manager Capacity Planning, James Hardie 

FROM: Jim McCleish, PE, Sean Mickey, Rachel Dixon, PE 

SUBJECT: Project Redbird Pretreated Wastewater Discharge to Festus Crystal City WWTP  

DATE: 04/21/22 

H&S JOB NO.: P220108 

CC: Jason Eisenbeis, Matt Unrein, Frank Steward, Charlie Goodwin 

 

Horner & Shifrin was retained to evaluate the incorporation of an industrial wastewater into the Festus Crystal 

City STP. Flow analysis of the existing STP showed that average daily flows are 2.25 MGD, and average dry 

weather flows are 1.85 MGD. Blended influent flows were evaluated to be the following, mostly representative 

of a typical sewage treatment plant influent. The BOD and TKN are slightly above the original plant design 

however, so the aeration system will need further evaluation to confirm organic capacity of the plant. 

 

 

STP 

Influent 

Industrial 

Influent 

Blended 

Influent 

Plant Design 

Capacity  
Flow 1.85 1 2.85 3 MGD 

BOD 136 240 172 150 mg/L 

TSS 192 100 160 240 mg/L 

TKN 40 12 30 26 mg/L 

TP 6.5 1 5 8 mg/L 

Sulfates 74 600 259 N/A mg/L 

Alkalinity 277 398 319 N/A mg/L, as CaCO3 

Ca 80 140 101 N/A mg/L 

Mg 15 40 24 N/A mg/L 

Temp. 63.5 104 78 N/A °F 

  

The only atypical component noted was sulfates, which are significantly increased. The level of sulfates can 

increase concrete corrosion, but this concentration only requires Type II cement where more resistant Type IV is 

typically used in STPs. Sulfates can cause issues with enhanced biological phosphorus removal; however, normal 

activated sludge phosphorus removal can still be attained, and additional removal can be mitigated with alum 

dosing if needed in the future. The dosing system would be required regardless of whether enhanced biological 
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phosphorus removal is achieved, it only changes operating costs for chemical consumption.  The next permit 

cycle is about 5 years out and regulatory changes are in the implementation stage which will mostly likely result 

in a phosphorous effluent limit of 1 mg/l. 

 

The process was modeled at a high-level utilizing diurnal domestic flows and the constant industrial flow 

blended together in a BioWin model. Effluent flow parameters can be seen in the attached figures. Although the 

additional flows did slightly increase discharge values, permitted pollutants were still held within permitted 

ranges. This model can be tuned to better reflect the specific plant biology and process operations modified to a 

greater degree to show a more detailed model if required for further study. 

 

An analysis of the headworks loading at the Festus-Crystal City STP was performed to estimated influent 

concentrations of pollutants of concern and determine the available capacity of the facility to accept additional 

loading. No influent sampling data at the STP was available. The 2021 Annual Water Quality Reports for the City 

of Crystal City Public Water Supply and the Festus Public Water Supply, provided by the Jefferson County Water 

Authority, were used to develop background concentrations of the existing domestic flow to the STP. Form S 

reports from the STP were also used to back-calculate influent concentrations where data was not available 

from the drinking water system reports, or where the influent concentration estimated from the sludge reports 

was more conservative. The blending of the existing influent domestic flow with effluent from the Redbird 

facility was estimated using a weighted average. Reported effluent data from an existing Redbird facility was 

used with an average flow of 1.0 MGD. The average dry-weather domestic flow is 1.85 MGD. Chromium is the 

only pollutant of concern where the allowable headworks loading was exceeded. Horner & Shifrin understands 

that the concentration of chromium in the processes and wastewater from Redbird facilities is very site specific 

and is related to concentration of chromium in the cement used. Additional investigation on the presence of 

chromium at the Crystal City location is recommended to gain a better understanding of anticipated loading. The 

influent concentration at which the STP reaches 100% of its allowable loading is 0.143 mg/L.  Spreadsheets 

attached show the results of this preliminary effort. 

 

In summary, we believe there are no process or regulatory concerns with taking this industrial flow.  Taking this 

flow will consume the remaining capacity of the treatment plant, both hydraulically and biologically, based on 

data from other facilities currently in operation.  Chromium loading is the only pollutant of concern and is an 

unknown until cement proposed for use in plant production is analyzed.  Limited data was available to fully vet 

this issue.  The risk is low for this being an issue and it would only affect biosolids land application.  At chromium 

levels used in the analysis, it is possible biosolids may need to be disposed of in a local landfill.  The plant has a 

belt filter press that can be used to dewater and haul biosolids. 
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CITY: Festus-Crystal City, MO 04/21/22

LOCAL LIMITS CALCULATOR - AVERAGE DATA

Plant  Non SIU Flow, MGD: 1.85  SLDG To Disposal,MGD: 0.0048

Data:  TOTAL Flow, MGD: 2.85  SLDG Disposal %Solids: 2.10

 7Q10, MGD: 0.0001  SITE Use, Years: 10
 Flow To Digsr: MGD: 0.1  SITE Size, Acres: 100

NPDES Removal Efficiencies Domestic Red Bird Safety Avg. Infl. AS Digestion
Limit Primary Plant Level Conc. WQS Factor Cncntrn Inhibition Inhibition

Ag* NA NA 75% 0.005 ND 0.01667 20% 0.0025 0.25 13
As NA NA 45% 0.00257 ND 0.15 20% 0.00257 0.1 1.6
Cd* NA NA 67% 0.003 ND 0.00147 20% 0.00015 1 20
CN NA NA 69% 0.041 0.0095 0.0052 20% 0.02995 0.1 4
Cr NA NA 82% 0.002 0.25 0.16212 20% 0.08902 1 100
Cu* NA NA 86% 0.097 0.0069 0.02026 20% 0.06539 1 40
Hg NA NA 60% 0.0003 0.00011 0.00077 20% 0.00023 0.1 NA
Ni* NA NA 42% 0.021 0.0024 0.11678 20% 0.01447 0.25 10
Pb* NA NA 79% 0.00406 ND 0.007 20% 0.00263 0.1 340
Zn* NA NA 60% 0.04879 0.0099 0.26385 20% 0.03514 0.25 400
Al NA NA 99% 0.05 ND 0.75 20% 0.05 NA NA

Mo NA NA 18% 0.0055 ND NA 20% 0.00084 NA NA
Se NA NA 50% 0.001 0.02 0.005 20% 0.00101 NA NA

*HARDNESS DEPENDENT

 - Sludge Values More Conservative

 - No Data Available, Half of Detection Limit Assumed

Domestic

Daily avg Peak Sources Expansion Avg. Infl. Pop: 17446 persons
lbs/day lbs/day lbs/day Factor Cncntrn lbs/cap/day  lbs/day 

BOD 3753 5629 2966 10% 91.7 BOD 0.17 2,966     
TSS 6004 9007 3489 10% 128.04 TSS 0.2 3,489     
TKN 650 975 576 10% 26 TKN 0.033 576        

NOTE: all values mg/l unless noted

CONVERSIONS
CFS TO MGD 

1 CFS  = 0.646 mgd

SLUDGE, DT/Y to MGD
dt/y avg %sld mgd

1187.2 7.8% = 0.01

BOD/TKN Design Values
1. Calculate O2 supply from O&M manual specs for rotors
2. Use NBOD ratio calculated from FP data to determine TKN loading
3. Adjust BOD level to match design O2 supply - based on CSR-20-8 O2 requirements for extended aeration BOD and standard

Domestic Sources EstimatorDW Design



Maximum Allowable Maximum

Domestic/commcl Industrial Load Allowable Headworks Current
Sources (MAIL) Headwrks Load ACTUAL Loading

% of % of lbs. (MAHL) Avg.Load as % of
lbs. limit lbs. MAHL Reserve lbs lbs MAHL

Ag 0.077 5% 1.257 79% 0.251 1.585 0.059 3.7%
As 0.040 28% 0.083 60% 0.017 0.139 0.061 44%
Cd 0.046 44% 0.050 47% 0.010 0.106 0.004 3%
CN 0.633 27% 1.454 61% 0.291 2.377 0.712 30%
Cr 0.031 3% 0.993 81% 0.199 1.222 2.116 173%
Cu 1.497 44% 1.620 47% 0.324 3.440 1.554 45%
Hg 0.005 6% 0.062 78% 0.012 0.079 0.0055 7.0%
Ni 0.324 39% 0.426 51% 0.085 0.835 0.344 41%
Pb 0.063 8% 0.608 77% 0.122 0.792 0.063 8%

Zn 0.753 13% 4.325 73% 0.865 5.942 0.835 14%

Al 0.771 1% 91.268 83% 18.254 110.293 1.188 1%

Mo 0.085 24% 0.223 63% 0.045 0.352 0.020 6%
Se 0.015 9% 0.126 76% 0.025 0.167 0.024 14%

mg/l
Ag Ag Water Quality
As As SLDG Dispsl:
Cd Cd SLDG Dispsl:
CN CN Secndry Inhib.:
Cr Cr SLDG Dispsl:
Cu Cu Water Quality
Hg Hg SLDG Dispsl:
Ni Ni SLDG Dispsl:

Pb Pb Water Quality
Zn Zn Secndry Inhib.:

Mo Mo SLDG Dispsl:
Se Se SLDG Dispsl:

Maximum Allowable Maximum

Domestic/commcl Industrial Load Allowable Headworks Current
Sources (MAIL) Headwrks Load ACTUAL Loading

% of % of lbs. (MAHL) Avg.Load as % of
lbs. limit lbs. MAHL Reserve Avg,lbs lbs MAHL

BOD 2966 79% 412 11% 375 3753 2180 58%
TSS 3489 58% 1914 32% 600 6004 3043 51%
TKN 576 89% 9 1% 65 650 618 95%

Maximum Allowable Maximum

Domestic/commcl Industrial Load Allowable Headworks Current
Sources (MAIL) Headwrks Load ACTUAL Loading

% of % of lbs. (MAHL) Avg.Load as % of
lbs. limit lbs. MAHL Reserve Peak,lbs lbs MAHL

BOD 2966 53% 2100 37% 563 5629 2180 39%
TSS 3489 39% 4617 51% 901 9007 3043 34%
TKN 576 59% 302 31% 98 975 618 63%

Flow for SIUs Receiving Limits, mgd: 1
Daily Max Mo. Avg.

mg/l mg/l

BOD NA 144
TSS 554 633
TKN NA -4

0.1

TOXIC POLLUTANTS SUMMARY
UNIFORM CONCENTRATION LIMIT

If APPLIED

0.2
0.0

LIMITING CRITERIA

0.0

0.5

0.0

SUMMARY OF AVERAGE MASS LOADINGS

0.1

0.2
0.0
0.0
0.2
0.1

Conventional Pollutants Uniform Concentration Limits

Conventional Pollutants - Long Term Average Limits
Based on Design Daily Average Criteria

Conventional Pollutants - Daily Maximum Limits
Based on Peak Design Criteria



CITY: Festus-Crystal City, MO 04/21/22

LOCAL LIMITS CALCULATOR - AVERAGE DATA

Plant  Non SIU Flow, MGD: 1.85  SLDG To Disposal,MGD: 0.0048

Data:  TOTAL Flow, MGD: 2.85  SLDG Disposal %Solids: 2.10

 7Q10, MGD: 0.0001  SITE Use, Years: 10
 Flow To Digsr: MGD: 0.1  SITE Size, Acres: 100

NPDES Removal Efficiencies Domestic Red Bird Safety Avg. Infl. AS Digestion
Limit Primary Plant Level Conc. WQS Factor Cncntrn Inhibition Inhibition

Ag* NA NA 75% 0.005 ND 0.01667 20% 0.0025 0.25 13
As NA NA 45% 0.00257 ND 0.15 20% 0.00257 0.1 1.6
Cd* NA NA 67% 0.003 ND 0.00147 20% 0.00015 1 20
CN NA NA 69% 0.041 0.0095 0.0052 20% 0.02995 0.1 4
Cr NA NA 82% 0.002 0.143 0.16212 20% 0.05147 1 100
Cu* NA NA 86% 0.097 0.0069 0.02026 20% 0.06539 1 40
Hg NA NA 60% 0.0003 0.00011 0.00077 20% 0.00023 0.1 NA
Ni* NA NA 42% 0.021 0.0024 0.11678 20% 0.01447 0.25 10
Pb* NA NA 79% 0.00406 ND 0.007 20% 0.00263 0.1 340
Zn* NA NA 60% 0.04879 0.0099 0.26385 20% 0.03514 0.25 400
Al NA NA 99% 0.05 ND 0.75 20% 0.05 NA NA

Mo NA NA 18% 0.0055 ND NA 20% 0.00084 NA NA
Se NA NA 50% 0.001 0.02 0.005 20% 0.00101 NA NA

*HARDNESS DEPENDENT

 - Sludge Values More Conservative

 - No Data Available, Half of Detection Limit Assumed

Domestic

Daily avg Peak Sources Expansion Avg. Infl. Pop: 17446 persons
lbs/day lbs/day lbs/day Factor Cncntrn lbs/cap/day  lbs/day 

BOD 3753 5629 2966 10% 91.7 BOD 0.17 2,966     
TSS 6004 9007 3489 10% 128.04 TSS 0.2 3,489     
TKN 650 975 576 10% 26 TKN 0.033 576        

NOTE: all values mg/l unless noted

CONVERSIONS
CFS TO MGD 

1 CFS  = 0.646 mgd

SLUDGE, DT/Y to MGD
dt/y avg %sld mgd

1187.2 7.8% = 0.01

BOD/TKN Design Values
1. Calculate O2 supply from O&M manual specs for rotors
2. Use NBOD ratio calculated from FP data to determine TKN loading
3. Adjust BOD level to match design O2 supply - based on CSR-20-8 O2 requirements for extended aeration BOD and standard

DW Design Domestic Sources Estimator



Maximum Allowable Maximum

Domestic/commcl Industrial Load Allowable Headworks Current
Sources (MAIL) Headwrks Load ACTUAL Loading

% of % of lbs. (MAHL) Avg.Load as % of
lbs. limit lbs. MAHL Reserve lbs lbs MAHL

Ag 0.077 5% 1.257 79% 0.251 1.585 0.059 3.7%
As 0.040 28% 0.083 60% 0.017 0.139 0.061 44%
Cd 0.046 44% 0.050 47% 0.010 0.106 0.004 3%
CN 0.633 27% 1.454 61% 0.291 2.377 0.712 30%
Cr 0.031 3% 0.993 81% 0.199 1.222 1.223 100%
Cu 1.497 44% 1.620 47% 0.324 3.440 1.554 45%
Hg 0.005 6% 0.062 78% 0.012 0.079 0.0055 7.0%
Ni 0.324 39% 0.426 51% 0.085 0.835 0.344 41%
Pb 0.063 8% 0.608 77% 0.122 0.792 0.063 8%

Zn 0.753 13% 4.325 73% 0.865 5.942 0.835 14%

Al 0.771 1% 91.268 83% 18.254 110.293 1.188 1%

Mo 0.085 24% 0.223 63% 0.045 0.352 0.020 6%
Se 0.015 9% 0.126 76% 0.025 0.167 0.024 14%

mg/l
Ag Ag Water Quality
As As SLDG Dispsl:
Cd Cd SLDG Dispsl:
CN CN Secndry Inhib.:
Cr Cr SLDG Dispsl:
Cu Cu Water Quality
Hg Hg SLDG Dispsl:
Ni Ni SLDG Dispsl:

Pb Pb Water Quality
Zn Zn Secndry Inhib.:

Mo Mo SLDG Dispsl:
Se Se SLDG Dispsl:

Maximum Allowable Maximum

Domestic/commcl Industrial Load Allowable Headworks Current
Sources (MAIL) Headwrks Load ACTUAL Loading

% of % of lbs. (MAHL) Avg.Load as % of
lbs. limit lbs. MAHL Reserve Avg,lbs lbs MAHL

BOD 2966 79% 412 11% 375 3753 2180 58%
TSS 3489 58% 1914 32% 600 6004 3043 51%
TKN 576 89% 9 1% 65 650 618 95%

Maximum Allowable Maximum

Domestic/commcl Industrial Load Allowable Headworks Current
Sources (MAIL) Headwrks Load ACTUAL Loading

% of % of lbs. (MAHL) Avg.Load as % of
lbs. limit lbs. MAHL Reserve Peak,lbs lbs MAHL

BOD 2966 53% 2100 37% 563 5629 2180 39%
TSS 3489 39% 4617 51% 901 9007 3043 34%
TKN 576 59% 302 31% 98 975 618 63%

Flow for SIUs Receiving Limits, mgd: 1
Daily Max Mo. Avg.

mg/l mg/l

BOD NA 144
TSS 554 633
TKN NA -4

0.0

SUMMARY OF AVERAGE MASS LOADINGS

TOXIC POLLUTANTS SUMMARY
UNIFORM CONCENTRATION LIMIT

If APPLIED LIMITING CRITERIA

0.2
0.0
0.0
0.2
0.1
0.2

Conventional Pollutants Uniform Concentration Limits

0.1

0.1
0.5

0.0
0.0

Conventional Pollutants - Long Term Average Limits
Based on Design Daily Average Criteria

Conventional Pollutants - Daily Maximum Limits
Based on Peak Design Criteria



 

 

APPENDIX B – FESTUS/CRYSTAL CITY WWTP NPDES PERMIT  

 
 



















































































































































 

 

APPENDIX C – SANITAIRE ICEAS DETAILED DESIGN CALCULATIONS  

 



 CONFIDENTIAL

SANITAIRE ICEAS Detailed Design Calculations
BOD Removal, Nitrification, and De-Nitrification  Process

SANITAIRE Project #00735822
Festus-Crystal City

Design Parameters

A. Flow

Max Month 3,050,000 GPD
Normal 3.6 hr Flow 5,600,000 GPD (75% of Process Flow in 1 Basin)
Maximum 2.4 hr Flow 12,000,000 GPD (100% of Process Flow in 1 Basin)

B. Treatment
Influent
Quality

BOD5 (20°C), mg/l 231.9

Suspended Solids, mg/l 221.3
TKN, mg/l 65.3
NH3-N, mg/l
TN, mg/l
Phosphorus 14.2

C. Environment
Sufficient Alkalinity must be provided to maintain basin pH of 6.8
Max Wastewater Temperature 23 °C
Min Wastewater Temperature 12 °C
Ambient Air Temperature 20 - 90 °F
Site Elevation 406 ft

D. ICEAS Process Design Criteria

F / M 0.056 BOD5 / MLSS / day
SVI (after 30 minutes settling) 150 ml/g
Number of ICEAS Basins 5
Top Water Level 18 ft

E. Cycle Timing
Normal Storm

Air-On min 144 52
Air-Off min 24
Settle min 48 60
Decant min 72 60
Total hrs 4.8 2.4

1

Effluent
Requirement

15

15

 1 6/11/2025



 CONFIDENTIAL

F. Detailed Calculations

Mass of BOD

where:  BODL = BOD Load (lb/day/basin)
Q = Average Dry Weather Flow per basin (gal/day)

BODin = Influent BOD concentration (mg/l)
1,000,000 = Conversion (l/mg)

8.34 = Conversion (lb/gal)

Mass of Biomass

where:  BMOB = Mass of Biochemicalmass (lb/day/basin)
F / M = Food to Microorganism ratio (day-1)

Volume of Biomass

where: Vbio = Volume of Biochemicalmass (ft³/basin)
SVI = Sludge Volume Index (ft³/lb)

Q  x  BODin  x  8.34 875,000 x 134  x  8.34
1,000,000 1,000,000

BODL =  = = 980 lb/day/basin

Vbio= BMOB  x  SVI = 24,836  x  2.4 = 59,606 ft³/basin

BODL 980
F / M 0.0395

24,836 lb/basinBMOB = = =

 2 6/11/2025



 CONFIDENTIAL

Maximum Volume Above Bottom Water Level

Peak Dry Weather Flow:

where: Vbwld = Maximum Volume Above BWL at Peak Dry Weather Flow (ft³/basin)
PDWF = Peak Dry Weather Flow (gal/day)

NCT = Normal Cycle Time (hr/cycle)
NDT = Decant Time (hr/cycle)
7.48 = Conversion (gal/ft³)

24 = Conversion (hours/day)

Peak Wet Weather Flow:

where:  Vbwls = Maximum Volume Above BWL at Peak Wet Weather (Storm) Flow (ft³/basin)
PWWF = Peak Wet Weather Flow (gal/day)

SCT = Storm Cycle Time (hr/cycle)
SDT = Storm Decant Time (hr/cycle)

MVAB (Maximum Volume Above Bottom Water Level) is larger of Peak Dry Weather and Peak Wet Weather Calculation

Decant Rates

Peak Dry Weather Flow:

where: PDR = Normal Decant Rate (gal/min)
NDT = Normal Decant Time (min/cycle)

1440 = Conversion (min/day)

Peak Wet Weather Flow:

where: PWR = Peak Decant Rate (gal/min)
SDT = Storm Decant Time (min/cycle)

PDWF  x  (NCT - NDT) 1,527,778  x  (4.0  -  1.00)
24  x  7.48 24  x  7.48

Vbwld = = = 25,531 ft³/basin

PWWF x ( SCT  -  SDT) 3,000,000  x  (2.4  -  0.93)
24  x  7.48 24  x  7.48

= = 24,510 ft³/basinVbwls =

MVAB  x  7.48 PDWF 25,531  x  7.48 1,527,778
NDT 1,440 60.0 1,440

 + = 4,244 gal/minPDR =  + =

MVAB  x  7.48 PWWF 25,531  x  7.48 3,000,000
SDT 1,440 56.0 1,440

+ = 5,787 gal/minPWR = + =

MVAB = 25,531 ft³/basin
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 CONFIDENTIAL

Decanter Sizing

Peak Dry Weather Flow:

where: DLa = Decanter Length for Average Dry Weather Flow (ft)
20.00 = Weir Loading Rate (ft³/min/ft of decanter weir)

Peak Wet Weather Flow:

where: DLp = Decanter Length for Peak Wet Weather (Storm) Flow (ft)
25.00 = Weir Loading Rate (ft³/min/ft of decanter weir)

Basin Working Volume

where: BWV = Basin Working Volume (ft³/basin)
Vc = Volume of chemical sludge due to Phosphorus removal (ft³/basin)

(Please refer to phosphorus removal calculation.)

Basin Area

where: BA = Basin Area (ft²)
TWL = Top Water Level (ft)

BZ = Buffer Zone (ft) (Safety Factor)

Sludge Depth

where: SD = Sludge Depth (ft)
Vcs = Basin volume of chemical sludge due to Phosphorus removal (lb/basin)

PDR 4,244
Weir Loading Rate  x  7.48 20.00  x  7.48

28.37 ftDLa = = =

PWR 5,787
Weir Loading Rate  x  7.48 25.00  x  7.48

DLp = = = 29.38 ft

BWV = MVAB  +  Vbio = 25,531  +  59,606 = 85,137 ft³/basin

BWV 85,137
TWL  -  BZ 18.0  -  2.6

 = = 5,530 ft²/basinBA =

Vbio 59,606
BA 5,530

10.78 ftSD =  = =

Design Decanter Length = 35.0 ft
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 CONFIDENTIAL

(Please refer to phosphorus removal calculations below.)
Decanter Draw Down

where: DD = Draw Down (ft)

Bottom Water Level

where: BWL = Bottom Water Level (ft)

Top Water Level

where: TWL = Top Water Level (ft)

Hydraulic Retention Time

where: HRT = Hydraulic Retention Time (days)
MAFD = Maximum Average Flow Depth (ft)

QT = Fill Rate at Average Dry Weather Flow (gal/day)
FT = Fill Time at Average Dry Weather Flow (mins)

MVAB 25,531
BA 5,530

DD =  = = 4.62 ft

BWL = SD  +  BZ = 10.78  +  2.60 = 13.38 ft

TWL = BWL  +  DD = 13.38  +  4.62 = 18.00 ft

BA  x  MAFD  x  7.48
QT

HRT =

Q  x  [(NCT x 60)  -  NDT] 875,000  x  [(4.0  x  60)   - 60.0]
BA x 1,440  x  7.48 5,530  x  1,440  x  7.48

16.03 ftMAFD = + BWL  = + 13.38 =

5,530 x 16.03  x  7.48
875,000

HRT = = 0.76 days
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 CONFIDENTIAL

MLSS Concentration at Bottom Water Level

where: MLSS = Mixed Liquor Suspended Solids concentration at Bottom Water Level (mg/l)
62.42/1E+06 = Conversion (lb/mg x l/ft³)

Mc = Basin mass of chemical sludge due to Phosphorus removal (lb/basin)
(Please refer to phosphorus removal calculations below.)

Mass of Sludge Produced

(Lawrence-McCarty Equation as presented in WEF MOP/8 4th Edition, pg 11-11, Eqn. 11.7)

where: ΔM  = Mass of Sludge Produced (lb/day/basin)
Y = Volatile cell yield (VSS/BOD removed)
q = Arrhenius Temperature Correction Factor
B = Decay Rate (day-1)

BODout = Anticipated Effluent BOD (mg/l)
SRT = Solids Retention Time (days)
Zio = Nonvolatile Influent suspended solids (mg/l)

Zno = Volatile Non-Biodegradable solids (mg/l)
T = Minimum Wastewater Temperature (°C)

Mbio x 1,000,000 24,836  x  1,000,000
BWL  x  BA  x  62.42 13.38  x  5,530  x  62.42

= 5,376 mg/lMLSS =  =

Y x  (BODin - BODout) Q  x  8.34

1  +  (B    x  θ(T-20)  x  SRT) 1,000,000
+ Zno )  x + CsludgeΔM = ( + Zio

0.6 x (134 - 15.0) 8.8E+05  x  8.34

1 + (0.07 x 1.02 (12-20)  x 27.3) 1,000,000
+ 32.9 + 49.3 ) x = 803 lb/day/basin+ 0ΔM = (
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 CONFIDENTIAL

Volume of Sludge Produced

where: Vws = Volume of Waste Sludge (gal/day/basin)
SFws = Solids Fraction in Waste Sludge
8.34 = Density (lb/gal)

Observed Yield Factor

where: Yobs = Observed Yield Factor (lb/day MLSS/lb/day BODremoved)

Mean Cell Residence Time

where: MCRT = Mean Cell Residence Time (days)
TESS = Anticipated Effluent Total Suspended Solids (mg/l)

= Conversion (lb/mg x l/gal)8.34E-06

ΔM 803

SFws  x  8.34 0.0085 x 8.34
=  = 11,320 gal/day/basinVws  =

Mbio
ΔM + ((Q - Vws) x TESS x 8.34 / 1E+06)

MCRT =

24,836
803 + ((875,000 - 11,320) x 15.0  x  8.34 / 1,000,000)

= 27.3 daysMCRT =

ΔM 803 MLSS
BODL 980 BOD

Yobs =  =  = 0.819
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 CONFIDENTIAL

Sludge Age for Nitrification

Refer to Metcalf and Eddy, Edition IV pages 614 and 705

Constants and Temperature Corrections:
Base
Value

Theta Symbol

0.75 1.07 μnm(T)

0.74 1.053 Kn(T)
0.08 1.04 Kdn(T)

2 DO

0.5 Ko
12 T
2.0 SF

Calculations:

Design sludge age adequate for nitrification.

where: μnm(T) = Maximum Temperature Corrected Nitrifier Growth Rate (days-1)
μn = Specific Nitrifier Growth Rate at Temperature, DO, and Effluent NH3 (g/g-days)

SRTmin = Minimum Sludge age required for Nitrification (days)
SRTaerobic = Design Aerobic Sludge Age (days)

SF = Safety Factor
SRToverall = Sludge Age accounting for entire ICEAS cycle (days)

TA = Aeration Time (hrs/day)
TENH3 = Anticipated Effluent Ammonia (mg/l)

Minimum Water Temperature, °C 12
Safety Factor 2.0

Nitrifier decay rate 0.058
Dissolved Oxygen, mg/l 2

Half-Velocity Constant for Dissolved Oxygen, mg/l 0.5

Coefficient Temperature
Corrected

Maximum Specific Growth Rate of Nitrifying
bacteria, g VSS/g VSS.day 0.437
Half-Velocity constant for nitrifiers 0.490

TENH3 DO
TENH3 + Kn(T) DO + Ko

x ) - Kdn(T)μn = ( μnm(T) x

1.0 2.0
1.0 + 0.490 2.0 + 0.5

0.437 x x ) - 0.058 = 0.176 days-1μn = (
1 1
μn 0.176

SRTmin = = = 5.7 days

SRTaerobic = SRTmin x SF = 5.7 x 2 = 11.4 days

SRTaerobic x 24 11.4 x 24
TA 10.0

= 27.3 daysSRToverall = =
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 CONFIDENTIAL

Waste Sludge Pump Capacity

where: WSP = Waste Sludge Pump Capacity(gal/min)
SPT = Sludge Pumping Time (min/cycle)

Vws  x  NCT 11,320  x  4.0
24  x  SPT 24  x  17.15

WSP  =  =  = 110 gal/min
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APPENDIX D – ALUM FEED CONCEPTUAL DESIGN  
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APPENDIX E – PROPOSED SBR EXPANSION PIPING CONCEPTUAL DESIGN 

 



 

 

 

  

PROPOSED SBR
EXPANSION PIPING

CONCEPTUAL DESIGN

APPENDIX E

NOT TO SCALE

EXISTING SBR EFFLUENT

EXISTING AIR

NEW WAS

UV
STRUCTURE

UV FINGER
WEIR

EXISTING SBR INFLUENT NEW SBR INFLUENT

EXISTING NPW

EXISTING WAS

NEW NPW

NEW SBR EFFLUENT

NEW AIR



 

 

APPENDIX F – NATIONAL FLOOD HAZARD LAYER FIRMETTE
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