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FIGURE 1. Major wastewater treatment plants in Missouri. Source: MDNR 2016.

TABLE 1. Major wastewater treatment plant  type, number, and 
design flow

Wastewater 
Treatment Type

Number of 
WWTPs

Total Permitted 
Design Flow (MGD)

Domestic
Industrial
TOTAL

127
10

137

1,236
40

1,276

Did you know that Missouri’s domestic 
and industrial wastewater treatment 
plants will soon have to reduce their 
phosphorus discharges?

In August 2023, the Missouri Department of Natural 
Resources (MDNR) will impose a new rule (10 CSR 
7.015(9)(B)2) for major1 wastewater treatment plants 
(WWTPs) with phosphorus discharges. Figure 1 
presents major domestic and industrial WWTPs in 
Missouri. Table 1 shows the total number of WWTPs 
and the total permitted design flow.  

MISSOURI’S DOMESTIC AND INDUSTRIAL 
WASTEWATER TREATMENT PLANTS 
TOTAL PHOSPHORUS DISCHARGES
REGULATORY UPDATE

1 A major WWTP has a design flow equal to or greater than 1 million 
gallons per day (MGD).



Wastewater treatment 
plants and design flows

Number of 
WWTPs
Affected

Implementation 
Dates

Domestic with design flows 
greater than 15 MGD 

Domestic with design flows 
between 1 and 15 MGD

Any industrial wastewater 
treatment plant

15

112

10

01/01/2029

01/01/2033

01/01/2034

FIGURE 2. Wastewater treatment plants in Missouri and impaired rivers, 
streams, and lakes3 under the federal Clean Water Act. Source: MDNR 
2016.

What are the new total phosphorus limits?
WWTPs will need to add treatment to their facilities to meet the 
new total phosphorus (TP) limit of 1 milligram per liter (mg/L) 
as an annual average based on the design flow. Alternatively, 
the WWTP can achieve an overall reduction of influent TP 
concentration by 75 percent (%). Combined sewer systems 
have the option to request alternative considerations, if an 
operating permit exists. 

Why is Missouri adopting these new 
discharge limits?
Nutrients are the most widespread stressor impacting streams, 
rivers, and estuaries. Figure 2 presents Missouri’s impaired 
rivers, streams, and lakes due to nutrient contributions 
including total nitrogen (TN), TP, and chlorophyll-a. Excess 
nutrients such as TP and TN in the Mississippi Atchafalaya 
River Basin have led to increased production of algae in the 
Northern Gulf of Mexico. These algae cause significant areas 
of low or no dissolved oxygen (the hypoxic zone) in the Gulf. 
The United States Geological Survey estimates that Missouri is 
the second largest contributor of TP and TN to the Gulf hypoxic 
zone, just behind Illinois. WWTPs are estimated to contribute 
15 to 20% of Missouri’s TP.2

MDNR first developed the Missouri Nutrient Loss Reduction 
Strategy (NLRS)  in 2014 and  updated it in 2018 and 2020. 
The NLRS includes strategies such as annual average targets 
with flexible trading and watershed permitting for point source 
reductions (MDNR 2022). The targets were developed by 
MDNR through a series of stakeholder involvement and 
monitoring activities.

The United States Environmental Protection Agency (USEPA) is 
accelerating efforts to limit nutrient pollution in our nation’s waters. 
The agency is scaling up existing, foundational approaches and 
more broadly deploying new data assessments, tools, financing 
approaches, and implementation strategies (USEPA 2022). 
Impairments in Missouri’s waters are phosphorus related, and 
MDNR has therefore proposed the new  regulation (10 CSR 
7.015(9)(B)2) to help reduce Missouri’s phosphorus discharges.

What is the implementation schedule?
The new regulation has a specific implementation schedule for 
each type of WWTP (Table 2). Larger domestic WWTPs will be 
required to install treatment earlier than the industrial WWTPs. 
Alternative implementation dates can be requested (consult 
Geosyntec for more information).

TABLE 2. Implementation schedule and number of wastewater treatment 
plants required to comply with the new rule according to permit design 
flow.

2 Illinois is the largest contributor of TP (12.9% of total flux or 117.4 kg km-2yr-1 
delivered yield) and TN (16.8% of the total flux or 1,734.9 kg km-2yr-1 delivered 
yield) to the Gulf hypoxic zone. Missouri is the second-largest contributor of 
TP (12.1% of total flux or 89.4 kg km-2yr-1 delivered yield) and fourth-largest 
contributor of TN (9.6% of total flux or 800.5 kg km-2yr-1 delivered yield). 
(USGS 2014)

3 According to the 2017 National Lakes Assessments (USEPA 2017), about 70 
percent of the lakes in Missouri, with surface areas greater than or equal to  
1 hectare, are in poor condition due to excess TP (Figure 2).
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What are the options for compliance?
Viable compliance options include WWTP upgrades, nutrient trading, development of a watershed management plan (WMP), 
development of an integrated water resource management plan, or development of a third-party total maximum daily load (TMDL). 
These options and their respective pros and cons are listed in Table 3. 

Among the options listed, the nutrient trading program is a new option that was introduced and developed by MDNR to provide a 
market-based approach to achieving compliance. This approach allows non-compliant permittees to seek offset credits (one credit 
= one pound of pollutant) from other permittees that are achieving greater reductions than the targeted permit limits.

Nutrient Reduction Implementation Phases
Each WWTP will need to follow five implementation phase requirements: 

Phase I – Data collection and selection of applicable limit, according to 10 CSR 20-7.015(9)(B)2.B. The WWTP will be responsible 
for weekly sampling of influent and effluent. The data will help inform subsequent phases.

Phase II – Treatment option or credit purchase option evaluation and selection. After completing the first year of sampling for 
Phase I, the WWTP will review the options for treatment or credit to comply with the rule and notify MDNR of the treatment or 
credit selection.

Phase III – Treatment installation or credit purchase. The implementation timeframe for this phase will be negotiated on a case-
by-case basis and specified in the permit. 

Phase IV – Optimization phase and results review. After twelve months of Phase III implementation, the facility will review and 
optimize the treatment system(s) that was used to the reduce the  discharge of TP.

Phase V – Limit implementation or return to previous phase. Phase V will start immediately after Phase IV is completed, including 
notifying MDNR with the final results of the optimization process. This notification will include a) the imminent date (within 30 days) 
of limit implementation, b) a timeframe for additional optimization (return to Phase IV), or c) additional treatment installation (return 
to Phase III), and adjusted implementation steps.



Compliance option Summary Pros Cons

Chemical 
Precipitation 
Followed by Tertiary 
Treatment Filtration 
(Luxury Phosphorus 
Uptake)

Coagulants containing aluminum or 
iron are added to the wastewater to 
generate sludge that will be removed 
by physical gravitation and returned to 
early stages. The supernatant will be 
directed to biological treatment.

Highly efficient. Total phosphorus 
reduction can reach 95%, lowering the 
amount of phosphorus to 0.5 mg/L.

Since most wastewater treatment 
plants (WWTPs) do not have 
tertiary treatment, installing this 
technology will require space and 
a large financial investment.

Side Stream 
Phosphorus 
Removal

Use of biological treatment for 
biosolids management in internal 
WWTP streams. This can also be 
combined with struvite precipitation 
(chemical treatment) to remove 
magnesium and ammonia in 
association with phosphates.

Allows smaller footprints for biological 
phosphorus removal, and provides 
opportunity for alternative chemical 
treatments, such as struvite precipitation.

High financial investment.

Nutrient Trading

This program allows non-compliant 
permittees to seek offset credits from 
other permittees or sources making 
nutrient reductions below their target 
elsewhere in the trading zone.

Less implementation cost and no 
physical/structural changes. Credits can 
be bought from many different sellers 
until the compliance limit is achieved.

Credits can only be bought from 
sources in the same watershed. 
If the seller changes their nutrient 
discharge, the permit has to be 
adjusted every time that occurs.

Watershed 
Management Plan

A WMP identifies water quality 
problems and recommends solutions 
and mechanisms to achieve the 
proposed goals. WMPs are often 
referred to as “bottom-up” TMDLs.

Approved WMPs are eligible for federal 
and state grant money. Landowners 
and other key stakeholders are 
educated about practices that can be 
used to mitigate the impacts of nutrient 
discharges on water quality. WMPs can 
be easily updated as new projects are 
identified. Typically, no enforcement 
occurs unless the load reductions are 
included in the permit.

Development of a WMP is an 
intensive process from proposal 
to implementation, demanding 
good communication between 
the stakeholders.

Third-Party Total 
Maximum Daily 
Load

TMDLs are typically established by 
MDNR or EPA Region 7 to comply 
with federal and state regulations. 
TMDLs contain wasteload allocations 
(WLAs) and reasonable assurance that 
pollution controls will be implemented 
to eliminate impairments. WLAs are 
then translated into permit limits. A 
third-party TMDL is developed by 
a different stakeholder, such as a 
permittee or watershed group.

A water quality target that will eliminate 
the impairment is established before 
the TMDL is developed. Monitoring data 
are collected, and models developed to 
calculate the WLAs and pollutant source 
reductions. This provides a high level 
of assurance for WWTPs about the 
reductions that will be required.

TMDLs are typically expensive 
and must be approved by MDNR 
and USEPA Region 7. While 
TMDLs are intended to be “living” 
documents, the level of effort 
required for updating can be 
significant. The WLAs in TMDLs 
are incorporated into discharge 
permits and WWTPs typically 
have to perform well below the 
limits to avoid noncompliance.

Integrated 
Water Resource 
Management 
Planning

IWRMPs combine the management 
of water supply, demand, and quality, 
while enhancing environmental 
protection. The plan is designed to 
achieve a better use of the water 
resources available in a specific 
region.

Provides cost-effective planning to 
achieve desired community benefits. 
Integrates public and private needs, 
aiming to offer better water resources 
management to the community 
where they are located. Typically, no 
enforcement occurs unless the load 
reductions are included in the permit.

IWRMPs involve scientific, 
regulatory, and policy 
perspectives and different 
stakeholders in different phases. 
Efficient communication is key 
as there is a long process from 
proposal, plan approval, and 
implementation.

TABLE 3. Summary of compliance options to reduce total phosphorus in wastewater treatment plant discharges.



How can Geosyntec help with adaptation to 
the new rules? 
Geosyntec has a long history helping WWTPs plan for and 
comply with Clean Water Act regulations in Missouri and other 
states. This includes evaluating the impacts of nutrients and 
other pollutants on streams, rivers, and lakes through physical, 
chemical, and biological monitoring; modeling watersheds 
and fate and transport of pollutants in waterways; identifying 
data gaps and developing sampling plans; developing WMPs, 
TMDLs, and IWRMPs; analyzing affordability challenges; and 
working with stakeholders to prioritize projects for regulatory 
compliance. 

Geosyntec also led the technical evaluation 
for the MINT project, a multi year effort funded 
by the US Department of Agriculture NRCS.

Geosyntec also has a long history in evaluating the cost-
effectiveness of urban and agricultural stormwater best 
management practices, green infrastructure, stream restoration, 
and constructed wetlands. We have evaluated numerous 
nutrient TMDLs and helped prepare watershed plans for many 
stakeholder groups.  

Case Studies

MISSOURI | EVALUATING AND PRACTICING INNOVATIVE 
CONSERVATION (EPIC) AND MISSOURI INNOVATIVE 
NUTRIENT TRADING (MINT)
Geosyntec developed two projects in partnership with 
the Environmental Resources Coalition. The first project, 
EPIC, was designed to measure the cost-effectiveness of a 
surface water wetland and subsurface bioreactor for reducing 
agricultural runoff. The EPIC results were used in the second 
project, MINT, which evaluated the feasibility of a nutrient 
trading program in Missouri. The final report featured trading 
simulations and recommended a nutrient trading framework. 
The MDNR established a trading policy and used Geosyntec’s 
recommended framework as an essential component of the 
trading initiative.

GREENE COUNTY, OHIO | WATERSHED-BASED 
PERMITTING
Greene County and other municipal WWTPs in the Upper Little 
Miami River watershed are subject to a phosphorus TMDL 
adopted in 2002. The TMDL was calculated at a compliance 
point downstream of the WWTPs. Greene County retained 
Geosyntec to evaluate the Sugar Creek WLA and the WLAs for 
other county-owned WWTPs. Geosyntec evaluated watershed-
based permitting, integrated planning, offsets, and water 
quality trading, in addition to updating the WLAs in the TMDL. 
Geosyntec’s analysis was presented to Ohio EPA leading to 
the development of a more flexible approach using watershed-
based permitting. Geosyntec assessed the historical monitoring 
in the watershed and developed a stepwise monitoring program 
that could be used in the watershed-based permit.

 



CITY OF FAYETTEVILLE, ARKANSAS | NUTRIENT 
REDUCTION PLAN
Fayetteville was required to develop a Nutrient Reduction Plan 
(NRP) to control TP loads from nonpoint pollutant sources 
as part of its agreement with the Beaver Water District. 
Geosyntec worked with stakeholders, regulators, and many 
information sources to develop a comprehensive and effective 
NRP. The plan identified key characteristics of the watershed, 
including land use, hydrology, point and nonpoint sources, 
and water quality stressors. The NRP estimated pollutant load 
reductions and established quantifiable goals to comply with 
prior agreements and regulations. Geosyntec took measures 
to ensure that unimpaired waters continue to meet or exceed 
existing standards.

OHIO | MAUMEE WATERSHED NUTRIENT TMDL
The Western Lake Erie Basin (WLEB) has a goal of 40% 
reduction for total and dissolved reactive phosphorus to mitigate 
harmful algal blooms. Ohio EPA is in the process of developing 
a phosphorus TMDL for the Maumee River watershed, which 
is the largest source of phosphorus to the WLEB. Geosyntec, 
in partnership with an attorney, is providing technical and 
policy support to a diverse coalition of municipal WWTPs, 
industrial WWTPs, and agricultural associations to provide 
input to Ohio EPA at all stages of the TMDL development, 
including implementation. Work includes identifying limitations 
in the science; helping Ohio EPA evaluate potential impacts 
on WWTPs, agriculture, and municipal separate storm sewer 
systems (MS4s); and evaluating innovative implementation 
techniques such as watershed permits and leveraging nine-
element WMPs to provide reasonable assurance in the TMDL. 

SAN LUIS OBISPO COUNTY, CALIFORNIA | TMDL 
COMPLIANCE
The County of San Luis Obispo is a Phase II MS4 permittee 
and is the responsible stormwater agency for bacteria and 
nutrient  TMDLs  for the San Luis Obispo Creek Watershed and 
bacteria and sediment TMDLs for the Morro Bay Watershed. 
The TMDLs require the county to submit a Wasteload 
Allocation Attainment Plan (WAAP) to define their planned 
implementation approaches. Geosyntec helped the County 
develop the WAAP to address MS4 pollutant discharges from 
the unincorporated areas of these two watersheds. Geosyntec 
successfully developed a high quality WAAP that was accepted 
by the Regional Board and will help the County comply with 
multiple TMDLs at a lower cost.



Geosyntec Professionals
Adrienne Nemura, P.E., Principal
anemura@geosyntec.com  |  (734) 476-0357 
Adrienne is a water resources engineer who helps municipalities, industries, and other stakeholders implement 
and comply with all facets of the Clean Water Act. For 37 years, she has helped clients put discharges in context 
with other sources and identify cost-effective and sustainable solutions to meet surface-water-quality goals. 
She models the effects of nutrients on water quality, develops new and revised water quality criteria, conducts 
National Pollutant Discharge Elimination System (NPDES) permitting, and helps clients manage watersheds. 

Nicholas Muenks, Principal
nmuenks@geosyntec.com  |  (573) 499-5447
Nick offers clients 21 years of experience addressing many aspects of surface-water-quality. He provides water 
quality regulatory and monitoring support to municipal, utility, and industrial clients throughout the Midwest and 
works on local and national projects to evaluate the role of human actions on water quality. He routinely manages 
regulatory support and water quality monitoring projects to help clients understand and address the complex 
interactions of surface waters and their surrounding environments.

Nigel Pickering, PhD., P.E., Senior Engineer
npickering@geosyntec.com  |  (612) 253-8214 
Nigel is an agricultural engineer who specializes in water resources and who brings 30 years of diverse experience 
in the academic, nonprofit, and consulting worlds. He guides clients on watershed monitoring and modeling, 
water resources planning, stormwater design, and modeling, crop modeling, and flooding and climate change. 
In addition, Nigel codeveloped a USEPA-approved watershed assessment model and a field-scale model for 
phosphorus losses from agricultural fields.

Rishab Mahajan, P.E., CFM, CPSWQ, Senior Engineer
rmahajan@geosyntec.com  |  (630) 203-3361
A water resources engineer, Rishab provides numerical modeling and data analyses to help clients find 
affordable and effective solutions to their regulatory obligations. For more than 14 years, he has crafted and 
calibrated watershed and surface-water models and developed nutrient criteria to meet client goals. To guide 
other practitioners, Rishab recently coauthored a Water Environment Federation Manual entitled “Stormwater, 
Watershed, and Receiving Water Quality Modeling.”

Roadmap to Implementation

 Compliance  Implementation
 2024 New Rule 2023Public Comment 

2022

• MDNR will publish 
new requirements for 
municipal and industrial 
treatment plants

• The new requirement of 
1mg/L phosphorus limit 
will be implemented

• WWTPs will need to comply 
with the new requirements 
according to size

Contact a Geosyntec specialist to help you find the best 
compliance solution for your business.


