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Executive Summary 
The City of Memphis, Tennessee (City) Code of Ordinances (City Code) establishes requirements for 
setting sewer fees and charges to recover costs associated with additional treatment requirements 
for wastewater that exceeds normal residential strength. The formula for calculating Additional 
Treatment Costs (ATC) and guidelines for setting parameters of equations for biochemical oxygen 
demand (BOD) and total suspended solids (TSS) ATCs are in Chapter 33, Division 2 of the City Code.   

The City periodically reviews these ATCs to determine whether billing adjustments are needed for 
treatment and disposal costs relating to high strength wastewater. As established in Chapter 33 of 
the City Code, the operational characteristics of the M.C. Stiles (North) and T.E. Maxson (South) 
Wastewater Treatment Plants (WWTP) have been used, in conjunction with the expenses and debt 
service associated with treatment of BOD and TSS, to determine the parameters for the ATC 
formulae.  

With changes to the wastewater discharge permits for both WWTPs, the City has decided to 
implement peracetic acid (PAA) disinfection at both WWTPs to address microbial compliance, while 
continuing to meet compliance with other permit requirements. The PAA disinfection system at the 
Stiles WWTP was initiated November 10, 2018. The disinfection facility at the Maxson WWTP will be 
initiated November 2020. Costs associated with the new PAA disinfection systems are not included 
in the current BOD and TSS ATC surcharges. The wastewater parameter that is intrinsically 
associated with PAA operations is chemical oxygen demand (COD). Thus, as with BOD and TSS, a 
COD ATC associated with the operation and maintenance of the new PAA disinfection facilities has 
been calculated to address the implementation of the disinfection systems at the WWTPs.  

A detailed evaluation of data and systematic assessment of application of the requirements in City 
Code have been applied to develop the COD ATC. This includes calculation of the threshold COD 
concentration (800 mg/L) above which the COD ATC would apply. Considering the phased 
implementation of PAA disinfection, the COD ATC was initially proposed to be instituted in phases 
beginning in the first quarter of 2019. With concerns raised by industry related to planning and 
budget cycles for the new COD ATC, the City has responded by deferring implementation of the ATC 
until January 2020. The costs for January – March 2019 will be borne by the City, and the additional 
costs from April through December 2019 and those deferred costs shall be recovered in 3 years. The 
final structure for the COD ATC is summarized in Table ES 1. The ATC will be periodically reviewed 
and updated based on actual operations data and costs.   

 
Table ES-1. COD ATC Implementation Schedule 

April - December 2019 January 2020 January 2021  January 2022  

$0.00000 $0.03960 $0.04821 $0.04821 

 



 

 

 
1-1 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
 

Section 1 

Background 
The City of Memphis (City) has established the Public Works Division to oversee operations and 
maintenance (O&M) of the City’s wastewater system infrastructure. The Environmental Engineering 
Department is responsible for the wastewater collection and transmission system (WCTS) and two 
large wastewater treatment plants (WWTPs). The City has several programs which specify monitoring, 
reporting, and improvement protocols for continued improvement of the WCTS and WWTPs.  

One of these programs is the Industrial Monitoring and Pretreatment Program (IMPP), which permits, 
monitors and documents industrial waste quantity and characterization. The WCTS accepts 
discharges from numerous Industrial Users (IUs) who are required to dispose of their waste in 
accordance with federal, state and local requirements. The IMPP regulates IUs that discharge into 
the WCTS and downstream wastewater treatment plants (WWTPs), to protect the City’s 
infrastructure, WWTP performance and compliance, and staff health and safety. The City of Memphis 
Sewer Use Ordinance (SUO) Sec. 33-81 requires most industries that discharge wastewater to have 
an Industrial Wastewater Discharge Permit, which is issued by the IMPP. 

Individual permits are granted for each industrial user with parameters appropriate to their specific 
industry, in accordance with Federal, State, and Local regulations. Permits include self-monitoring 
requirements to provide the IMPP with their discharge quantity and categorization data. Additionally, 
the City has established their own sampling and inspection program to allow for proper monitoring 
and control of the industrial discharges. 

In response to changing WWTP discharge permit requirements, the City is implementing new 
peracetic acid (PAA) disinfection systems. The City has always made a concerted effort to balance 
cost of collection and treatment services while maintaining its assets and regulatory compliance. The 
City funds its systems entirely through the sewer enterprise fund and sewer fees. Considering 
additional costs associated with the new disinfection systems, data has been collected and analyzed 
as the basis for development of a chemical oxygen demand (COD) additional treatment charge (ATC) 
to recover costs associated with the new PAA systems.  

This report summarizes data associated with wastewater discharges into the system and assesses 
impacts on the new disinfection systems. The City has had numerous communications with industry 
related to the new ATC and will continue to communicate with IUs. The work completed to develop 
the COD ATC is presented in this report, and includes: 

• Collection and analysis of data from IMPP dischargers, WWTPs operations, and pilot and full-
scale trials of PAA disinfection at each WWTP. 

• Technical review and assessment of the current BOD and TSS ATC approach and 
development of a similar approach for COD ATC 

• Development of cost basis for the COD ATC  
• Implementation schedule for the COD ATC  
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1.1 Systems Overview  
The City provides sanitary sewer collection and treatment services to most areas within the city 
limits. The City also receives wastewater generated from municipal satellite systems, including the 
Horn Lake Creek Basin Interceptor Sewer District (Mississippi), the City of Germantown, and portions 
of the cities of Bartlett, Collierville, Lakeland, and Millington, and other unincorporated areas of 
Shelby County. The WCTS is a separate sanitary sewer system that serves a total area of 442 square 
miles, with 325 square miles within the City limits and 117 square miles within suburban areas. The 
WCTS is divided into six major sewer basins: Loosahatchie River, Wolf River, Front Street, President's 
Island, Nonconnah Creek, and Horn Lake Creek. 

The sewer system in the Memphis service area is predominately gravity flow and consists of more 
than 3,000 miles of sanitary sewers, including gravity sewers and force mains, 102 lift stations and 
approximately 80,000 manholes. This excludes privately owned laterals or private collection 
systems, such as within gated communities and apartment complexes; where these sewers are 
neither owned or maintained by the City. 

The City operates two major WWTPs, the M.C. Stiles and T.E. Maxson WWTPs, that collectively treat 
an average of over 150 million gallons per day (mgd) of wastewater received from the WCTS. The 
M.C. Stiles WWTP, located near the confluence of the Mississippi and Wolf Rivers, serves the 
northern portion of the service area, including the Wolf River, Front Street, and Loosahatchie River 
sewer basins. The T.E. Maxson WWTP, located near the confluence of McKellar Lake and the 
Mississippi River south of President’s Island, serves the southern portion of the service area, 
including the Nonconnah Creek, Horn Lake Creek, and President's Island sewer basins. 

The liquid treatment process at the M.C. Stiles WWTP is a contact‐stabilization process with coarse 
and fine bar screens, grit tanks, activated sludge and secondary clarification. The T.E. Maxson WWTP 
liquid treatment process consists of coarse bar screens, grit removal, fine bar screens, primary 
clarification, high-rate biotowers, activated sludge and secondary clarification. To meet bacterial 
compliance requirements, a PAA disinfection system was brought online at the Stiles WWTP on 
November 10, 2018; and, PAA disinfection at the Maxson WWTP will be brought online in November 
2020.  

1.2 COD Impacts on PAA Disinfection 
Addition of the new PAA disinfection systems is particularly important to the IMPP because the PAA 
dose is integrally tied to the COD load at each WWTP. A substantial body of data has been developed 
related to the COD impacts on PAA demands through pilot testing conducted at the Stiles and 
Maxson WWTPs during the first quarter of 2013, as well as a full-scale trial conducted at the Stiles 
WWTP from November 2014 through April 2015 (Figure 1).  

Detailed evaluation of COD impacts on PAA disinfection have been conducted during full-scale trials 
and operations at the Stiles WWTP. During the trial, pre-disinfection COD and undisinfected 
Escherichia coli (E. coli) were measured. PAA residuals were also measured throughout the 
disinfection channel. Using either color or COD as the water quality parameter for a feed forward 
control strategy, based on the fit between PAA demand and wastewater color or COD, the PAA dose 
could be accurately determined by selecting a base PAA setpoint dose and adding PAA equivalent to 
the calculated demand, based on influent COD to the disinfection process.  
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Figure 1-1. PAA being offloaded into storage tanks at M.C. Stiles WWTP for full-scale PAA trial 
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Section 2 

ATC Approach 
According to City Code, ATC is the portion of a service charge associated with users whose 
wastewater characteristics exceed normal municipal wastewater, as defined in Article II, Division 1, 
Section 33-6. Based on the National Pollutant Discharge Elimination System (NPDES) permits for the 
WWTPs, the key treatment objectives are to: (1) remove BOD, (2) remove TSS, and with changes to 
the NPDES permits, and (3) disinfection. BOD and TSS ATCs have been actively utilized since 1982, 
and these surcharges are calculated as described in City Code. The specific formulae used to define 
the BOD and TSS ATC surcharges are:  
 

 ATCBOD = (U[B] x T[B]/B)  Equation (1) 
 ATCTSS = (U[S] x T[S]/S)  Equation (2) 
Where:   

 
U[B] = BOD loading more than 250 mg/L  
T[B] = Treatment costs assigned to BOD (including debt service, O&M, and replacement costs)  
B = Total BOD loading or BOD treatment plant capacity, whichever is less  
U[S] = TSS loading more than 300 mg/L  
T[S] = Treatment costs assigned to TSS (including debt service, O&M, and replacement costs)  
S = Total TSS loading or TSS treatment plant capacity, whichever is less  

 

The SUO also defines the periods to evaluate each parameter. In Section 33-133, “Sewer Fee, 
Review,” costs used in the formula must be based on a 5-year average. The most current surcharge 
structures, amended to City Code in 2010, include: 

 
• ATCBOD = $0.0428 per pound BOD (lb/BOD) greater than 250 mg/L 
• ATCTSS = $0.0716 lb/TSS greater than 300 mg/L 

 

While BOD and TSS surcharges have been successfully applied to address ATC for BOD and TSS 
treatment and discharge permit compliance, there is an additional cost for the new disinfection 
process that is not captured within these parameters. If the typical wastewater composition is 
evaluated, it can be divided into particulate components that can be settled out; components that 
are readily biodegradable; and components that are un-biodegradable but can still exert a chemical 
demand. Figure 2-1 shows this soluble/colloidal fraction of organics responsible for the increased 
PAA demand (more than the disinfection dose).  

 



Wastewater ATC Rate Study: COD Section 2 

 

 
2-2 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
 

 
Figure 2-1. COD ATC addresses organics not treated; 

soluble, colloidal unbiodegradable organics are responsible for PAA demand. 
 

The new PAA disinfection systems operation costs can be correlated to COD (see Section 1.2). As a 
result, the same approach to calculate ATC can be used for COD that has been used for BOD and 
TSS, as follows: 
 

 ATCCOD = (U[C] x T[C]/C) Equation (3) 
Where:  

 
U[C] = COD loading more than the municipal threshold concentration 
T[C] = Treatment costs assigned to COD (including debt service, O&M, and replacement 
costs)  
C = Total treatment plant COD loadings  
 

PAA oxidizes soluble and colloidal unbio-
degradable material. COD ATC addresses the 
demand in excess of municipal wastewater.  
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Section 3 

Calculating the COD ATC 
The COD ATC applies to IUs discharging high COD wastewater greater than the municipal wastewater 
concentration. The methodology used to develop the COD ATC follows the specific approach defined 
in the sewer use ordinance which has also been used in establishing the BOD and TSS ATCs.   

Several COD-sampling campaigns were conducted in parallel to the disinfection studies and PAA 
system design to support development of the COD ATC. This information was used to develop input 
parameters for the COD ATC formula (Section 2). The City continues to collect data as PAA 
disinfection facilities are initiated, and the additional data will be used to update loading and excess 
treatment costs, associated with COD, as operations commence and are optimized.  

The following sections describe the parameters required to calculate the COD ATC defined in 
Equation (3), including the municipal threshold concentration (U[C]), treatment costs assigned to 
COD (T[C]), and total treatment plant loadings (C). 

3.1 Estimated Threshold COD 
Threshold COD concentrations are evaluated typically based on literature values, and/or site-specific 
testing. Table 3-1 summarizes other utilities located in Tennessee, and throughout the country, that 
have a COD surcharge as a point of reference.  
 

Table 3-1. COD Thresholds from Other Utilities, Municipalities, and Agencies 

Utility/Agency/Municipality COD Threshold (mg/L) 

Metropolitan Council Environmental Services, Minnesota 500 

Spartanburg Water, South Carolina 750 

Austin Water, Texas 450 

Clean Water Services, Oregon 800 

Broward County Water and Wastewater Services, Florida 800 

City of Cookeville Department of Water Quality Control, Tennessee a 800 

City of Dayton, Tennessee a  700 

Lewisburg Water and Wastewater, Tennessee 800 

a. (MTAS 2018).  
 

COD thresholds reported throughout the country, including in Tennessee, provide a point of 
reference for the City, in development of a site-specific municipal COD threshold value. To define the 
City’s site-specific threshold, two approaches were used; and these approaches resulted in concen-
tration ranges, consistent with values used at other utilities/municipalities in the United States.  

The first approach to the site-specific COD threshold included compilation of influent COD and flow 
data collected between January 2016 and March 2018 from the Stiles and Maxson WWTPs. Daily 
average flows and COD results were used to calculate daily COD loads which were combined and 
plotted as a cumulative distribution (Figure 3-1). The point of diversion from the linear portion of the 
curve at the 10th percentile of data, was used to determine the base municipal load of 650 mg/L.  
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Figure 3-1. Cumulative daily COD load distribution to the WWTPs (January 2016–March 2018) 

 

City staff also conducted a municipal-only wastewater sampling and characterization campaign 
during February 2018. Six sites were sampled seven times for BOD, TSS, and COD. Data were 
combined and plotted as a cumulative distribution (Figure 3-2). Figure 3-2 shows an oval overlaying 
current BOD and TSS thresholds; using this point of reference, the associated threshold COD was 
estimated to be 800 mg/L.  

These results are consistent with values of municipal threshold COD concentrations at other utilities, 
as presented in Table 3-1. Considering both approaches, the data that reflects the highest municipal 
COD contribution was used, as determined from the February 2018 sampling campaign, and the 
COD threshold concentration, U(C), has been set at 800 mg/L. 
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Figure 3-2. Cumulative TSS, BOD, and COD distribution, February 2018 sampling campaign 

 

3.2 Excess COD Loading 
When PAA disinfection was selected as the disinfection method for the WWTPs, the City requested 
that industries begin collecting COD data along with regular self-monitoring data. Data collected by 
industry, as well as by the City from 2016 through present has been compiled and analyzed. For 
each industry, the municipal threshold COD concentration was subtracted from the reported COD 
concentration, and the excess COD load was calculated using industry self-reported flow data. The 
number of discharge days per year were used to calculate the overall annual excess COD load to the 
WWTPs by industry. Industry excess annual loads were summed resulting in a 294,000,000 
(294MM) lb-COD total annual excess load. The annual excess COD load to the WWTPs has been set 
at 294MM lb-COD/year. 

3.3 Treatment Costs Assigned to COD 
The treatment cost parameter T[C] is inclusive of chemical costs and other operation and 
maintenance expenses, as well as debt service for the treatment systems. For the purchase of PAA, 
annual costs were determined from dosing rates derived from the extensive results of pilot testing, 
full-scale trial, and operations at the Stiles WWTP. A summary of the average flow and disinfection 
doses at each plant are shown in Table 3-2, along with the associated cost of PAA.  

Additional annual costs for the new PAA disinfection systems included in this analysis are the 
equipment leases, O&M contracting for operation of the systems, and excess monitoring to support 
implementation of the ATC, based on a 6 percent cost of chemical purchase. The excess monitoring 
costs will include installation of online water quality sensors, data collection and management, and 
analysis of additional water quality parameters. 
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Table 3-2. PAA Disinfection Doses and Average Flows 

Facility 
Disinfection 

Dose 
(mg/L) 

Average 
Flow 

(mgd) 

Chemical Costs 
April - December 

2019 2020 2021  2022  

M.C. Stiles WWTP 20a 81.7c $12,683,851 $14,623,735 $14,159,489 $14,159,489 

T.E. Maxson WWTP 6.7b 72.4c N/A N/A $5,225,319 $5,225,319 

Total  $12,683,851 $14,623,735 $19,384,808 $19,384,808 
a. PeroxyChem (2018). 
b. CDM Smith (2014). 
c. Based on WWTP data from January 2013 through October 31, 2018. 

 
Table 3-3. Annual O&M, Equipment Lease, and Excess Monitoring Costs 

Facility 
Monthly Annual O&M and Excess Monitoring 

Equipment 
Lease 

O&M 
Contract 

April - December 
2019 2020 2021  2022  

M.C. Stiles WWTP $11,833 $12,100 $596,267 $ 726,316 $712,375 $712,375 

T.E. Maxson WWTP $11,833 $12,100 N/A N/A $444,095 $444,095 

Total  $596,267 $726,316 $1,156,470 $1,156,470 

 

Debt service for the treatment system is included in the analysis. These costs are calculated based 
on capital expenditures at each WWTP for disinfection upgrades. The capital expenditures for both 
plants include supporting infrastructure as part of the disinfection system improvements. The annual 
debt service for the two facilities is calculated at $2,719,132, based on a 20-year payback period. 
The total construction costs for the M.C. Stiles WWTP are $6,557,115 and the guaranteed maximum 
price for construction of disinfection related upgrades at the Maxson WWTP is $43,361,322.  

Total treatment costs for excess COD treatment was determined by multiplying the excess COD 
allocation by the sum of annual expenses and debt service. Debt service is a fixed cost that will 
begin immediately because construction has commenced at both facilities. The excess COD 
allocation for O&M was determined by dividing the COD attributed to excess COD load from industry 
by the total COD load to the WWTPs. 

Total COD load to the WWTPs was estimated using the WWTP influent flow and COD data that was 
used to develop the municipal threshold COD (Section 3.1). Table 3-4 shows the average COD load 
at each WWTP, and daily/annual COD loads for the combined system loading.  

 
Table 3-4. COD Loads at City of Memphis WWTPs 

Facility COD Load  

M.C. Stiles WWTP (lb/day) 976,000 

T.E. Maxson WWTP (lb/day) 633,000 

Total daily load (lb/day) 1,610,000 

Total annual load (lb/yr) 587,000,000 
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3.4 COD Cost Allocation and ATC Implementation Schedule 
Annual expenses associated with the new PAA disinfection facilities (i.e., PAA chemical costs, O&M 
costs, equipment lease, IMPP implementation costs and debt service) are compiled and presented in 
Table 3-5. Given the previously calculated excess COD load was 294MM lb-COD/yr (Section 3.2), the 
excess treatment allocation, 50.05 percent, is determined by dividing 294MM by 587MM lb-COD. 
The excess COD allocation of (50.05 percent) was applied to the allocated capital and O&M costs to 
establish the COD cost allocation.  

The COD ATC was initially proposed to be instituted in phases beginning in the first quarter of 2019. 
With concerns raised by industry related to planning and budget cycles for the new COD ATC, the City 
has responded by deferring implementation of the ATC until January 2020. The costs for January – 
March 2019 will be borne by the City, and the additional costs from April through December 2019 
and those deferred costs shall be recovered in 3 years.  The final COD ATC and billing implemen-
tation schedule is summarized in Table 3-5 and will be periodically reviewed and updated based on 
actual operations data and costs.   

 
Table 3-5. COD Cost Allocation and ATC Implementation  

Cost Factor April - December 2019 2020 2021 2022 
Chemical Costs $12,683,851 $14,623,735 $19,384,809 $19,384,809 

O&M and Excess Monitoring Costs $596,267 $726,316 $1,156,470 $1,156,470 

Annual Debt Service  $2,039,349 $2,719,132 $2,719,132 $2,719,132 

TOTAL COD Treatment Costs $15,319,468 $18,069,183 $23,260,411 $23,260,411 

Excess COD Allocation, at 50.05% $7,667,394 $9,043,626 $11,641,836 $11,641,836 
 Revised COD ATC based on 294MM 

lb/yr excess COD and ATC 
commencement in January 2020  

$0.00000 $0.03960a $0.04821a $0.04821a 

a. The COD ATC will commence on January 1 of each calendar year indicated. 
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