
 
 

PUBLIC NOTICE 
 

DRAFT WATER QUALITY AND ANTIDEGRADATION REVIEW 
 
DATE: July 2, 2026 
 
In accordance with Missouri’s Water Quality Standards [10 CSR 20-7.031(3)], the Missouri 
Antidegradation Implementation Procedure, and federal antidegradation policy at Title 40 Code of 
Federal Regulation Section 131.12(a), the applicants listed herein have applied for a Water Quality and 
Antidegradation Review to evaluate a proposed new domestic wastewater discharge.  
 
On the basis of preliminary staff review and the application of applicable standards and regulations, the 
Missouri Department of Natural Resources, as administrative agent for the Missouri Clean Water 
Commission, proposes to issue the Antidegradation Review Preliminary Determination. The proposed 
determination is tentative pending public comment. The Antidegradation Review Preliminary 
Determination does not authorize discharge, nor construction of the proposed wastewater facilities. 
 
Persons wishing to comment on the proposed Antidegradation Review Preliminary Determination are 
invited to submit comments in writing to: Department of Natural Resources, Water Protection 
Program, P.O. Box 176, Jefferson City, MO 65102-0176, ATTN: Engineering Section/Antidegradation 
Comments. Please include the activity number in all comment letters (ACT#1930).   
 
Comments should be confined to the issues relating to the proposed Antidegradation Review 
Preliminary Determination and the effect on water quality. The department may not consider as 
relevant comments or objections to a permit based on issues outside the authority of the Missouri 
Clean Water Commission, (see Curdt v. Mo. Clean Water Commission, 586 S.W.2d 58 Mo. App. 
1979). 
 
All comments must be received or postmarked by 5 p.m. on August 3, 2026. The department will 
consider all written comments including emails, faxes, and letters in the formulation of all final 
determinations regarding the applications. Email comments will be accepted at the following address: 
publicnoticenpdes@dnr.mo.gov. If response to this notice indicates significant public interest and a 
request for public hearing with significant technical merit and concern related to the responsibilities of 
the Missouri Clean Water Law, then a public meeting or hearing may be held after due notice for the 
purpose of receiving public comment on the proposed permit or determination. Public hearings and/or 
issuance of the permit will be conducted or processed according to 10 CSR 20-6.020. 
 
Copies of all documents on public notice are available for inspection and copying at the department’s 
website at https://dnr.mo.gov/water/what-were-doing/public-notices, or at Department of Natural 
Resources, Water Protection Program, 1101 Riverside Drive, Jefferson City, MO 65101, between the 
hours of 8 a.m. and 5 p.m. on Monday through Friday.    

https://dnr.mo.gov/water/what-were-doing/public-notices
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1. WATER QUALITY INFORMATION 
In accordance with Missouri’s Water Quality Standard [10 CSR 20-7.031(3)] and federal antidegradation policy 
at Title 40 Code of Federal Regulation (CFR) Section 131.12 (a), the Missouri Department of Natural Resources 
(Department) developed a statewide antidegradation policy and corresponding procedures to implement the 
policy. A proposed discharge to a water body will be required to undergo a level of Antidegradation Review that 
documents that the use of a water body’s available assimilative capacity is justified. Effective August 30, 2008, 
and revised July 13, 2016, a facility is required to use Missouri’s Antidegradation Implementation Procedure 
(AIP) for new and expanded wastewater discharges. 
 

2. APPLICABILITY 
This Water Quality and Antidegradation Review is for facilities that produce primarily domestic wastewater and 
discharge less than 50,000 gallons per day. This General Antidegradation Review is not applicable to facilities 
where the receiving waterbody, or downstream waterbodies, have a Total Maximum Daily Load (TMDL) or are 
303(d) or 305(b) listed for the pollutants of concern (POCs) addressed in this alternatives analysis, with an 
exception for waterbodies that are listed for E. coli since disinfection will be required. For receiving waters that 
are impaired for pollutants other than E. coli, the Antidegradation Implementation Procedure requires a Tier 1 
approach and the applicant must demonstrate that the discharge will not “cause or contribute” to the impairment. 
For these site-specific mixed tier reviews (where some POCs are Tier 1 and others are Tier 2) applicants may 
use the alternative analysis presented in this document for the Tier 2 pollutants. 
 
Facilities that are currently under enforcement will need to coordinate with the Water Protection Program’s 
compliance and enforcement section to determine applicability for the Department’s Alternatives Analysis. This 
review will not include mixing for receiving waterbodies. If the applicant would like to have effluent limitation 
derivation include mixing considerations, a site-specific alternatives analysis will need to be completed. 
 

3. TIER DETERMINATION 
Below is a list of pollutants of concern reasonably expected to be in a domestic wastewater treatment facility 
discharge. Pollutants of concern are defined as those pollutants “proposed for discharge that affects beneficial 
use(s) in waters of the state. POCs include pollutants that create conditions unfavorable to beneficial uses in the 
water body receiving the discharge or proposed to receive the discharge” (AIP, Page 7). No existing water 
quality data is required because all POCs were considered to be Tier 2 and significantly degrading in the 
absence of existing water quality. Assumed uses for the receiving waterbody are General Criteria, Protection of 
Warm Water Aquatic Life (AQL), Human Health Protection (HHP), Irrigation (IRR), and Livestock & Wildlife 
Protection (LWP). If any Tier 1 Pollutants of Concern not addressed in this alternatives analysis will be 
discharged, the applicant must submit the Path D: Tier 1 Preliminary Review Request form for those pollutants. 
 
Table 1. Pollutants of Concern and Tier Determination 

POLLUTANTS OF CONCERN TIER* DEGRADATION COMMENT**** 
Biochemical Oxygen Demand (BOD5)/DO 2 Significant  

Total Suspended Solids (TSS) ** Significant  
Ammonia 2 Significant  

pH *** Significant Permit limits applied 
Escherichia coli (E. coli) 2 Significant  
Total Phosphorus (TP) 2 Significant  

* Tier assumed.  
** Tier determination not possible: No in-stream standard for this parameter.  
***  The standard for this parameter is a range. 
**** Permit limits for other parameters including Oil & Grease, Total Residual Chlorine, and Nitrates will be applied based on water 

quality standards and criteria as applicable. 
 
Total Residual Chlorine (TRC) effluent limits of 0.017 mg/L daily maximum, 0.008 mg/L monthly average are recommended if 
chlorine is used as a disinfectant. Standard compliance language for TRC, including the minimum level (ML), may be included in 
the operating permit. 
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4. DEMONSTRATION OF NECESSITY AND SOCIAL AND ECONOMIC IMPORTANCE  
Missouri’s Antidegradation Implementation Procedures (AIP) specify that if the proposed activity results in 
significant degradation then a demonstration of necessity (i.e., alternatives analysis) and a determination of 
social and economic importance are required. The applicant must submit the Antidegradation Review Submittal: 
Voluntary Tier 2 – Significant Degradation for Domestic Wastewater Facilities with Design Flow Less Than 
50,000 Gallons per Day form. This analysis will serve as the applicant’s alternatives analysis to fulfill the 
requirements of the AIP. 
 
A Geohydrologic Evaluation must be submitted with the Antidegradation Review Request.  
 
A Missouri Department of Conservation Natural Heritage Review Report must be obtained by the applicant. The 
applicant should review the Natural Heritage Review and contact the U.S. Fish and Wildlife Service and the 
Missouri Department of Conservation for further coordination if necessary. 
 

4.1 NO DISCHARGE EVALUATION  
According to 10 CSR 20-6.010(4)(A)5.B., facility plans must include an evaluation of the feasibility of 
constructing and operating a facility with no discharge to waters of the state if the report is for a new or 
modified wastewater treatment facility. Per the Antidegradation Implementation Procedure Section II.B.1, for 
discharges likely to cause significant degradation, applicants must provide an analysis of non-degrading 
alternatives. No-discharge alternatives may include surface land application, subsurface land application, and 
connection to a regional treatment facility.  
 
The applicant must submit the Antidegradation: Regionalization and No-Discharge Evaluation form to 
demonstrate that a no-discharge facility is not feasible for this site. If the information provided on the form is not 
sufficient to demonstrate that a no-discharge facility is not feasible, a more detailed evaluation of no discharge 
options will be required before the Department can complete its determination. 
 

4.2 DEMONSTRATION OF NECESSITY 
The Department has used available data to complete an alternatives analysis of previously evaluated treatment 
technologies and expected performance. Data from fifty-four Water Quality and Antidegradation Reviews 
(WQARs) completed between March 2011 and April 2018 was evaluated and results are presented in Figure 1, 
Figure 2, and Table 2 below.  
 
The data include eleven facilities designed to provide a high level of treatment to meet more stringent potential 
future ammonia as N effluent limits based on the 2013 EPA Ammonia criteria for the protection of mussels and 
gill-breathing snails. The data available to date indicates that the cost of facilities of this size range designed to 
meet these more stringent ammonia criteria is not substantively higher than other facilities designed to meet the 
current ammonia criteria.  
 
The data include sixteen facilities designed to meet BOD and TSS effluent limits of 10 mg/L monthly average 
and 15 mg/L daily maximum or weekly average. The data available to date indicates that the cost of facilities 
designed to meet BOD and TSS effluent limits of 10 mg/L monthly average and 15 mg/L daily maximum or 
weekly average is not substantively higher than other facilities of this size range designed to meet less stringent 
BOD and TSS effluent limits. 
 
The data include 28 facilities that will discharge to lakes. Of those facilities, 12 received ammonia limits in line 
with water quality based effluent limits for discharges to streams without mixing of around 3.7 mg/L summer 
daily maximum, 1.4 mg/L summer monthly average and 7.5 mg/L winter daily max, 2.9 mg/L winter monthly 
average. Two of the lake-discharging facilities received more stringent ammonia limits of 1.7 mg/L daily 
maximum, 0.6 mg/L monthly average; and one received ammonia limits of 1.7 mg/L summer daily maximum, 
0.6 mg/L summer monthly average and 5.6 mg/L winter daily max, 2.1 mg/L winter monthly average. The data 
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available indicate that the cost for facilities designed to meet ammonia limits in line with water quality based 
effluent limits for streams without mixing (3.7/1.4, 7.5/2.9) is not higher than other facilities of this size range 
designed to meet less stringent ammonia limits. These limits are more protective than existing water quality 
based effluent limits for discharges to lakes where the acute criteria is used to determine the baseline (12.1 mg/L 
daily maximum, 4.6 mg/L monthly average). 
 
Facilities that were designed to meet limits based on the 2013 EPA ammonia criteria included a membrane 
bioreactor, extended aeration package plant, recirculating textile filter, recirculating sand filter, recirculating 
sand filter with moving bed biofilm reactor, sequencing batch reactor,  integrated fixed film activated sludge 
system, and a proprietary aeration system. 
 
Membrane bioreactor (MBR) systems combine a suspended growth biological reactor with solids removal via 
filtration across a membrane. The membranes can be designed for and operated in small spaces and with high 
removal efficiency of contaminants such as nitrogen, phosphorus, bacteria, biochemical oxygen demand, and 
total suspended solids. Membrane filtration allows a higher biomass concentration to be maintained in the 
treatment tank, thereby allowing smaller bioreactors to be used for a smaller footprint. MBR systems provide 
operational flexibility with respect to flow rates, as well as the ability to readily add or subtract units as needed, 
but that flexibility has limits. Membranes typically require that the water surface be maintained above a 
minimum elevation so that the membranes remain wet during operation. Throughput limitations are dictated by 
the physical properties of the membrane, and the result is that peak design flows generally should be no more 
than 1.5 to 2 times the average design flow. If peak flows exceed that limit, additional membranes may be 
needed to process the peak flow, or equalization may need to be included in the design. MBR systems typically 
have higher capital and operating costs than conventional systems. 
 
The extended aeration process is a modification of the activated sludge process that provides biological 
treatment for the removal of biodegradable organic wastes under aerobic conditions. Wastewater in the aeration 
tank is mixed and oxygen is provided to the microorganisms. The mixed liquor then flows to a clarifier or 
settling chamber where most microorganisms settle to the bottom of the clarifier and a portion are pumped back 
to the beginning of the plant. The clarified wastewater flows over a weir and into a collection channel before 
being disinfected and discharged. Extended aeration is often used in smaller prefabricated package-type plants 
where lower operating efficiency is offset by mechanical simplicity and minimized design costs. In comparison 
to traditional activated sludge, longer mixing time with aged sludge and light loading (low F:M) offers a stable 
biological ecosystem better adapted for effectively treating waste load fluctuations from variable occupancy 
situations. Although the process is stable and easier to operate, extended aeration systems may discharge higher 
effluent suspended solids than found under conventional loadings. 
 
Moving Bed Biofilm reactor (MBBR) systems may be a single aerated reactor, or several in series, with a 
buoyant free-moving plastic biofilm carrier media. MBBR systems can be designed to be capable of meeting 
more stringent total nitrogen limits. They produce significantly reduced solids loading to the liquid-solids 
separation unit, the biofilm improves process stability, they offer flexibility to meet specific treatment 
objectives, and they are well suited for retrofit into existing treatment systems. MBBR systems require a smaller 
tank volume than a conventional activated sludge system and therefore have a smaller footprint. Adequate 
mixing must be provided to ensure that free-floating media remains uniformly distributed and screens must be 
provided to retain the media within the reactors. 
 
Integrated fixed film activated sludge (IFAS) systems add fixed or free-floating media to an activated sludge 
basin. The process gets its name from combining a conventional activated sludge process with a fixed film 
system. This treatment system is similar to an MBBR; however, MBBR systems do not recycle sludge. IFAS 
systems are often installed as a retrofit solution to conventional activated sludge systems. They require a smaller 
tank volume than a conventional activated sludge system and therefore have a smaller footprint. The biofilm 
combines aerobic, anaerobic, and anoxic zones promoting better nitrification compared to conventional 
activated sludge systems and the biofilm improves process stability. Adequate mixing must be provided to 
ensure that free-floating media remains uniformly distributed and to slough biomass from the media. Higher 
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dissolved oxygen concentrations may be required as compared to conventional activated sludge. Screens must 
be provided to retain the media within the reactors.  
 
Recirculating sand filters (RSF) remove contaminants in wastewater through physical, chemical, and, most 
importantly, biological processes. The three common components are a pretreatment unit (generally a septic 
tank), a recirculation tank, and a sand filter. In the recirculation tank, raw effluent from the septic tank and the 
sand filter filtrate are mixed and pumped back to the sand filter bed. RSFs are effective in applications with high 
levels of BOD and can provide good effluent quality with 85 - 95% removal of BOD and TSS. They can be 
designed to provide nitrification, but this requires increased surface area. Treatment is affected by extremely 
cold weather. Treatment capacity can be expanded through modular design. RSFs require routine maintenance, 
although the complexity of maintenance is generally minimal.  
 
Recirculating textile filters systems are configured similar to an RSF except the filter media is an engineered 
fabric textile. They can be configured to provide nitrification, but this may require additional treatment units. 
They have a small operating footprint, are more aesthetically pleasing than some other treatment options, 
produce minimal noise, have the ability to handle variable flows, and have simple maintenance. 
 
In addition to the treatment technologies listed above, all of which had previous WQARs that established 
advanced ammonia limits, there are other technology alternatives that can meet the advanced ammonia limits 
including conventional activated sludge, oxidation ditch, and lagoon retrofits. To obtain this level of 
performance, all technologies must be properly designed to accommodate nitrification and de-nitrification and 
they must be properly and actively operated.  
 
The above treatment system descriptions were adapted from EPA technology fact sheets and Design of 
Municipal Wastewater Treatment Plants: WEF Manual of Practice No. 8 ASCE Manuals and Reports on 
Engineering Practice No. 76; Fifth Edition, as well as other readily available sources and previous Water 
Quality and Antidegradation Reviews. 
 
 
 
 
 
FIGURE 1. DESIGN FLOW VS. PRESENT WORTH COST VS. AMMONIA LIMITS 
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LEGEND 
Summer Ammonia (mg/L) Winter Ammonia (mg/L) 
Daily Max Monthly Avg. Daily Max Monthly Avg. 

2013 EPA Criteria  ≤1.7 ≤0.6 ≤5.6 ≤2.1 
Existing Aquatic Life 
Criteria (no mixing)  approx. 3.7 approx. 1.4 approx. 7.5 approx. 2.9 

Less Stringent (mixing)  >3.7 >1.4 >7.5 >2.9 
 

FIGURE 2. DESIGN FLOW VS. PRESENT WORTH COST VS. BOD & TSS LIMITS 
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TABLE 2. DESIGN FLOW VS. PRESENT WORTH COST 

DATE 
Design 
Flow 

(MGD) 

Technology BOD (mg/L) TSS (mg/L) Summer Ammonia 
(mg/L) 

Winter Ammonia 
(mg/L) 

Present 
Worth Cost 

($) $ PW/gpd 
 

Daily Max 
or Weekly 
Average 

Monthly 
Average 

Daily Max 
or Weekly 
Average 

Monthly 
Average 

Daily 
Maximum 

Monthly 
Average 

Daily 
Maximum 

Monthly 
Average 

 

4/16/2018 *0.000450 Recirculating Textile Filter 15 10 20 15 3.7 1.4 7.5 2.9 66,838 149 
5/2/2012 *0.000555 Recirculating Textile Filter 15 10 20 15 12.1 4.6 12.1 4.6 62,506 113 
4/2/2013 *0.000555 Recirculating Textile Filter 15 10 20 15 12.1 4.6 12.1 4.6 62,506 113 

10/1/2014 *0.000555 Extended Aeration Package Plant 15 10 22.5 15 7.8 3 7.8 3 62,506 113 

4/17/2017 *0.000555 Recirculating Textile Filter 15 10 20 15 3.7 1.4 7.5 2.9 66,838 120 

4/4/2012 0.000800 Recirculating Textile Filter 30 15 30 15 4 1.5 7.7 2.9 127,427 159 

12/1/2013 *0.000821 Membrane Bioreactor  30 20 30 20 12.1 4.6 12.1 4.6 61,240 75 

9/2/2012 0.001000 Recirculating Textile Filter 15 10 15 10 3.7 1.4 7.5 2.9 162,007 162 

7/6/2011 *0.001240 Recirculating Textile Filter 15 10 22 15 6 3 6 3 91,000 73 

1/1/2015 *0.001400 Recirculating Textile Filter 15 10 23 15 3.7 1.4 7.6 2.9 102,174 73 

9/8/2017 *0.001800 Recirculating Textile Filter 30 20 30 20 1.7 0.6 1.7 0.6 170,879 95 

9/5/2017 *0.002200 Recirculating Textile Filter 30 20 30 20 1.7 0.6 1.7 0.6 170,879 78 

5/5/2011 0.002500 Extended Aeration 15 10 15 10 3.7 1.4 7.5 2.9 198,000 79 

8/31/2017 0.002700 New Technology Primary Tank with 
Aeration 15 10 15 10 1.7 0.6 5.6 2.1 485,000 180 

9/1/2011 *0.003000 Recirculating Textile Filter 15 10 15 10 12.1 4.6 12.1 4.6 220,915  74  

3/1/2012 0.003000 Extended Aeration Package Plant 15 10 20 15 3.7 1.4 7.5 2.9 92,604  31  

2/22/2016 *0.003700 Recirculating Rock Filter 30 20 30 20 7.3 2.8 7.3 2.8 115,688  31  

7/4/2011 *0.003750 Recirculating Textile Filter 15 10 20 15 12.1 4.6 12.1 4.6 283,000  75  

4/1/2014 *0.003885 Recirculating Sand Filter 15 10 15 10 3.7 1.4 7.5 2.9 132,185  34  

12/1/2012 *0.004500 Recirculating Sand Filter 15 10 23 15 12.1 4.6 12.1 4.6 133,676  30  

6/3/2013 *0.004718 Recirculating Sand Filter 30 20 30 20 12.1 4.6 12.1 4.6 203,060  43  

11/2/2011 *0.004950 Recirculating Sand Filter 15 10 20 15 3.5 1.4 7.5 2.9 114,058  23  

6/4/2011 0.005000 Moving Bed Biofilm Reactor 45 30 45 30 5.7 2.2 8.2 3.2 127,000  25  

8/22/2017 0.005500 Recirculating Sand Filter 15 10 20 15 1.7 0.6 5.6 2.1 123,224 22 

9/6/2012 0.005600 Extended Aeration with Filtration 
and Aerated Holding Tanks 15 10 15 10 3.7 1.4 7.5 2.9 130,000  23  



 

DATE 
Design 
Flow 

(MGD) 

Technology BOD (mg/L) TSS (mg/L) Summer Ammonia 
(mg/L) 

Winter Ammonia 
(mg/L) 

Present 
Worth Cost 

($) $ PW/gpd 
 

Daily Max 
or Weekly 
Average 

Monthly 
Average 

Daily Max 
or Weekly 
Average 

Monthly 
Average 

Daily 
Maximum 

Monthly 
Average 

Daily 
Maximum 

Monthly 
Average 

 

6/1/2011 0.006000 Recirculating Sand Filter 15 10 15 10 3.7 1.4 7.5 2.9 176,239  29  

3/1/2011 0.007875 Modular Fixed Film Activated 
Sludge with Constructed Wetlands 30 20 30 20 3.7 1.4 7.5 2.9 285,780  36  

4/3/2012 *0.008210 Membrane Bioreactor 15 10 15 10 2.6 1 2.6 1 61,240  7  

8/5/2014 0.009000 Recirculating Sand Filter 15 10 20 15 3.1 1.2 7.5 2.9 203,698  23  

1/1/2014 0.009000 Membrane Bioreactor 15 10 15 10 1.6 0.6 5.5 2.1 217,739  24  

4/6/2012 0.009100 Membrane Bioreactor  15 10 20 15 3.7 1.4 7.5 2.9 222,160  24  

3/7/2012 *0.009158 Recirculating Gravel filter 30 20 30 20 3.7 1.5 6.5 2.5 163,681  18  

3/6/2017 0.010000 Extended aeration 33 22 33 22 1.7 0.6 5.6 2.1 941,800 94 

6/1/2014 0.013125 Recirculating Sand Filter 45 30 45 30 3 1.1 6 2.3 189,985  14  

8/4/2012 *0.014000 Extended Aeration 15 10 15 10 3.7 1.4 7.5 2.8 188,208  13  

7/1/2014 0.015540 Recirculating Sand Filter 23 15 23 15 3.9 1.5 7.8 3 450,986  29  

7/5/2011 *0.015750 Recirculating Sand Filter 15 10 20 15 7.8 2.5 7.8 2.5 226,969  14  

2/27/2015 0.016500 Extended Aeration Package Plant 45 30 45 30 3.7 1.4 7.5 2.9 187,957  11  

7/1/2012 0.016650 Extended Aeration 15 10 20 15 3.7 1.4 7.5 2.9 317,750  19  

9/3/2014 0.017800 Extended Aeration Package Plant 45 30 45 30 1.4 0.6 2.9 2.1 507,618  29  

5/11/2015 *0.018000 
Recirculating Sand Filter, Polishing 
Reactor, Chemical Phosphorus 
Removal 

15 10 15 10 3.7 1.4 6.5 2.1 320,318  18  

7/3/2013 *0.018500 
Recirculating Textile Filter with 
Chemical & Filter Phosphorus 
Removal 

15 10 20 15 3.7 1.4 7.5 2.9 130,000  7  

12/7/2017 *0.018800 Recirculating Sand Filter 15 10 15 10 6 2.3 6 2.3 222,901 12 

2/27/2015 *0.024000 Recirculating Gravel Filter and 
Chemical Phosphorus Removal 15 10 15 10 3.7 1.4 6.5 2.1 343,816  14  

9/1/2014 *0.030000 
Recirculating Sand Filter and 
Moving Bed Biofilm Reactor with 
Chemical Phosphorus Removal 

15 10 20 15 1.7 0.6 5.6 2.1 1,157,390  39  

6/2/2012 0.038000 Aerated Lagoon with Recirculating 
Sand Filter 45 30 45 30 3.7 1.4 7.5 2.9 4,309,665  113  

2/3/2013 0.040000 Moving Bed Biofilm Reactor (can be 
operated as IFAS) 15 10 20 15 3.7 1.4 7.5 2.9 2,963,181  74  



 

DATE 
Design 
Flow 

(MGD) 

Technology BOD (mg/L) TSS (mg/L) Summer Ammonia 
(mg/L) 

Winter Ammonia 
(mg/L) 

Present 
Worth Cost 

($) $ PW/gpd 
 

Daily Max 
or Weekly 
Average 

Monthly 
Average 

Daily Max 
or Weekly 
Average 

Monthly 
Average 

Daily 
Maximum 

Monthly 
Average 

Daily 
Maximum 

Monthly 
Average 

 

8/20/2015 *0.040000 Recirculating Sand Filter and 
Moving Bed Biofilm Reactor 15 10 20 15 3.7 1 5.6 2.1 1,812,000  45  

12/1/2016 0.044000 Fixed Film Extended Aeration 30 20 45 30 1.7 0.6 5.6 2.1 816,367 19 

6/4/2013 0.045000 Moving Bed Biofilm Reactor 15 10 15 10 1.7 0.6 5.6 2.1 479,344  11  

3/9/2016 0.045000 Moving Bed Biofilm Reactor 15 10 15 10 1.7 0.6 5.6 2.1 479,344  11  

6/4/2012 *0.050000 New Technology Package Plant 30 20 30 20 7.5 2.9 7.5 2.9 942,050  19  

7/3/2011 0.050000 Extended Aeration Package Plant 15 10 20 15 3.7 1.4 7.5 2.9 1,357,506  27  

8/3/2014 0.050000 Recirculating Sand Filter 15 10 15 10 3.7 1.4 7.5 2.9 733,723  15  
*   Lake Dischargers 

 



 

Additionally, the table of wastewater treatment technologies in the Ammonia Criteria: New EPA 
Recommended Criteria factsheet includes several technologies that have demonstrated capability in meeting 
ammonia effluent limits of less than 0.7 mg/L when designed appropriately. 
 
The EPA has approved the nutrient water quality standards at 10 CSR 20-7.031. Numeric water quality 
standards for specific lakes are listed in Table N of 10 CSR 20-7.031. Nutrient standards at 10 CSR 20-
7.031(5)(N) apply to all other lakes that are waters of the state and have an area of at least ten acres during 
normal pool conditions, with the exception of the lakes located in the Big River Floodplain ecoregion (see 10 
CSR 20-7.031(5)(N)2.). Waters that are 303(d) listed for nutrients will need to complete a site-specific 
antidegradation review to determine appropriate limits. 
 
The base case treatment option for total phosphorus to ensure that water quality standards will be protected is 
assumed to be conventional secondary treatment. Total phosphorus effluent levels from conventional 
secondary treatment typically range from 1 to 4 mg/L. Three less degrading options that were considered are 
chemical addition for precipitation and settling, biological nutrient removal (BNR), and enhanced nutrient 
removal (ENR). Chemical addition is a common practice for phosphorus removal and has been used for a 
number of years in Southwest Missouri for discharges to lakes that are subject to the 0.5 mg/L effluent limits 
required at 10 CSR 20-7.015. An effluent limit of 0.5 mg/L was therefore determined to be a reasonable and 
economically efficient treatment level for the Department’s Alternatives Analysis. The cost to treat beyond 
this level may not be economically efficient for facilities with a design flow less than 50,000 gallons per day.  
 
As a result of this alternatives analysis, the Department has determined that for a facility that discharges less 
than 50,000 gallons per day, depending on site-specific conditions, there are technologies available that may 
be economically efficient and practicable, and that are capable of meeting the effluent limitations in Table 3 
or Table 4. If the facility owners do not believe that there is a treatment technology that is both economically 
efficient and practicable for their facility to meet the limits in Table 3 or Table 4, a site-specific alternatives 
analysis may be required.  
 

4.3 DESIGN FLOW DETERMINATION 
As part of the Department’s alternatives analysis, facilities up to 50,000 gallons per day were evaluated. A 
design flow maximum of 50,000 gallons per day was chosen for applicability of this alternatives analysis for 
a variety of reasons. As facilities increase in size, site-specific factors may require a more site-specific 
alternatives analysis. For example, larger facilities are more likely to have wet weather flows that must be 
addressed and are more likely to need Whole Effluent Toxicity testing or nutrient monitoring. Larger 
facilities are also more likely to discharge a larger variety of pollutants of concern, which may not be 
addressed in this review. Larger facilities also benefit from an economy of scale; smaller facilities tend to 
have a higher cost per gallon of wastewater treated, which is distributed over fewer paying customers. 
Finally, as we are working with a limited amount of data, limiting the design flow applicability for the 
Department’s alternatives analysis ensures a factor of safety in our review. 
 

4.4 REGIONALIZATION ALTERATIVE 
Within Section II B 1. of the AIP, discussion of the potential for discharge to a regional wastewater 
collection system is mentioned. The applicant must provide justification for not pursuing regionalization on 
the Regionalization and No-Discharge Evaluation form. If the information provided on the form is not 
sufficient to demonstrate that a regionalization alternative is not feasible, a more detailed evaluation will be 
required before the Department can complete its determination. 
 
The applicant needs to fully evaluate regionalization and consolidation options when deciding on ways to 
comply with existing and future regulatory requirements. This includes evaluating connecting or selling their 
utility to a larger public or private utility. With the rising costs of compliance and often-limited resources 
available to smaller facilities, not owning and operating a small utility may be the most beneficial and cost-
effective alternative for achieving consistent compliance.  



 

 
4.5 LOSING STREAM ALTERATIVE DISCHARGE LOCATION 

Under 10 CSR 20-7.015(4)(A), prior to discharging to a losing stream, alternatives such as relocating the 
discharge to a gaining stream, and connection to a regional wastewater treatment facility are to be 
evaluated and determined to be unacceptable for environmental and/or economic reasons.   
 
Information provided by the applicant on the No Discharge Evaluation form must include evaluation and 
justification for why the owner is not pursuing land application, or connection to a regional facility.  
 

4.6 SOCIAL AND ECONOMIC IMPORTANCE EVALUATION 
Missouri’s antidegradation implementation procedures specify that if the proposed activity results in 
significant degradation then a determination of social and economic importance is required.  
 
Information provided by the applicant in the Antidegradation Review Submittal: Voluntary Tier 2 – 
Significant Degradation for Domestic Wastewater Facilities with Design Flow Less Than 50,000 
Gallons per Day form must include a detailed social and economic importance evaluation. If the 
information provided on the form is not sufficient to demonstrate important social and economic importance, 
then a more detailed evaluation will be required before the Department can complete its determination. 
 
5. GENERAL ASSUMPTIONS OF THE WATER QUALITY AND ANTIDEGRADATION REVIEW 
 
1. A Water Quality and Antidegradation Review (WQAR) assumes that [10 CSR 20-6.010(2) Continuing 

Authorities and 10 CSR 20-6.010(4)(A)5.B., evaluation of no discharge] has been or will be addressed in 
a Missouri State Operating Permit or Construction Permit Application.   

2. A WQAR does not indicate approval or disapproval of alternative analysis as per [10 CSR 20-7.015(4) 
Losing Streams], and/or any section of the effluent regulations. 

3. Changes to Federal and State Regulations made after the drafting of this WQAR may alter Water Quality 
Based Effluent Limits (WQBEL). 

4. Effluent limitations derived from Federal or Missouri State Regulations (FSR) may be WQBEL or 
Effluent Limit Guidelines (ELG).  

5. WQBEL supersede ELG only when they are more stringent. Mass limits derived from technology based 
limits are still appropriate.  

6. A WQAR does not allow discharges to waters of the state, and shall not be construed as a National 
Pollution Discharge Elimination System or Missouri State Operating Permit to discharge or a permit to 
construct, modify, or upgrade. 

7. Limitations and other requirements in a WQAR may change as Water Quality Standards, Methodology, 
and Implementation procedures change. 

8. Nothing in this WQAR removes any obligations to comply with county or other local ordinances or 
restrictions. 

9. If the proposed treatment technology is not covered in 10 CSR 20-8 Minimum Design Standards, the 
treatment process may be considered a new technology. As a new technology, the permittee will need to 
work with the review engineer to ensure equipment is sized properly. The operating permit may contain 
additional requirements to evaluate the effectiveness of the technology once the facility is in operation. 
This Antidegradation Review is based on the information provided by the facility and is not a 
comprehensive review of the proposed treatment technology. If the review engineer determines the 
proposed technology will not consistently meet proposed effluent limits, the permittee will be required to 
revise their Antidegradation Report.  



 

6. PERMIT LIMITS AND MONITORING INFORMATION 
 
TABLE 3. EFFLUENT LIMITS – ALL OUTFALLS 

PARAMETER UNITS DAILY 
MAXIMUM 

WEEKLY 
AVERAGE 

MONTHLY 
AVERAGE 

BASIS FOR 
LIMIT 

(NOTE 1) 

MONITORING 
FREQUENCY 

FLOW MGD *  * FSR ONCE/QUARTER 
BIOCHEMICAL OXYGEN DEMAND5 ** MG/L  15 10 PEL ONCE/QUARTER 

TOTAL SUSPENDED SOLIDS ** MG/L  15 10 PEL ONCE/QUARTER 
PH  SU 6.5– 9.0  6.5 – 9.0 FSR ONCE/QUARTER 

AMMONIA AS N (APR 1 – SEPT 30) MG/L 1.7  0.6 PEL ONCE/QUARTER 
AMMONIA AS N (OCT 1 – MAR 31) MG/L 5.6  2.1 PEL ONCE/QUARTER 

TOTAL PHOSPHORUS (NOTE 2) MG/L *  0.5 PEL ONCE/QUARTER 

ESCHERICHIA 
COLIFORM (E. COLI) 

WBC(A) AND 
WBC (B) (NOTE 3) #/100ML 630*** 126 FSR ONCE/QUARTER 

LOSING STREAM  
(NOTE 4) #/100ML 126*** * FSR ONCE/QUARTER 

 
TABLE 4. EFFLUENT LIMITS – OUTFALLS TO LAKES 

PARAMETER UNITS DAILY 
MAXIMUM 

WEEKLY 
AVERAGE 

MONTHLY 
AVERAGE 

BASIS FOR 
LIMIT 

(NOTE 1) 

MONITORING 
FREQUENCY 

FLOW MGD *  * FSR ONCE/QUARTER 
BIOCHEMICAL OXYGEN DEMAND5 ** MG/L  15 10 PEL ONCE/QUARTER 

TOTAL SUSPENDED SOLIDS ** MG/L  20 15 PEL ONCE/QUARTER 
PH  SU 6.5– 9.0  6.5 – 9.0 FSR ONCE/QUARTER 

AMMONIA AS N (APR 1 – SEPT 30) MG/L 3.6  1.4 PEL ONCE/QUARTER 
AMMONIA AS N (OCT 1 – MAR 31) MG/L 7.5  2.9 PEL ONCE/QUARTER 

TOTAL PHOSPHORUS (NOTE 2) MG/L *  0.5 PEL ONCE/QUARTER 
ESCHERICHIA COLIFORM (E. COLI) #/100ML 630*** 126 FSR ONCE/QUARTER 
 

 *  Monitoring requirements only. 
** Publicly owned treatment works will be required to meet a removal efficiency of 85% or more for BOD5 and 

TSS. Influent BOD5 and TSS data should be reported to ensure removal efficiency requirements are met. 
***  Publicly owned treatment works will receive a weekly average E. coli limit and private facilities will receive a 

daily maximum E. coli limit. 
NOTE 1 –  Preferred Alternative Effluent Limit – PEL; or Federal/State Regulation – FSR. Water Quality-Based Effluent 

Limitation – WQBEL Also, please see the GENERAL ASSUMPTIONS OF THE WQAR #4 & #5. 
NOTE 2 –  Total Phosphorus limits are only applicable to discharges to a lake or watershed of a lake that is a water of the 

state and has an area of at least ten acres during normal pool conditions  
NOTE 3 -  Effluent limitations and monitoring requirements for E. coli for WBC(A) and WBC(B) are applicable only 

during the recreational season from April 1 through October 31. The Monthly Average Limit for E. coli is 
expressed as a geometric mean. The Weekly Average for E. coli will be expressed as a geometric mean if 
more than one (1) sample is collected during a calendar week (Sunday through Saturday). 

NOTE 4 – Effluent limits and monitoring requirements for E. coli are applicable year round for designated losing 
streams. No more than 10% of samples over the course of a calendar year shall exceed the 126 #/100 mL 
daily maximum.  

 
Permit limits or monitoring requirements for other applicable parameters, including Oil & Grease, Total 
Residual Chlorine, Dissolved Oxygen, Nitrates, Total Recoverable Aluminum, and Total Recoverable Iron, 
may be included in the operating permit based on water quality standards and criteria as applicable. 
 



 

7. RECEIVING WATER MONITORING REQUIREMENTS 
No receiving water monitoring requirements recommended at this time. 
 
8. DERIVATION AND DISCUSSION OF LIMITS 
 
Water quality-based – Using water quality criteria or water quality model results and the dilution equation 
below: 

( ) ( )
( )se

eess

QQ
QCQCC

+
×+×

=  (EPA/505/2-90-001, Section 4.5.5) 

Where  C = downstream concentration 
 Cs = upstream concentration 
 Qs = upstream flow 
 Ce = effluent concentration 
 Qe = effluent flow 
 
Chronic wasteload allocations were determined using applicable chronic water quality criteria (CCC: criteria 
continuous concentration). Acute wasteload allocations were determined using applicable water quality 
criteria (CMC: criteria maximum concentration). 
 
Water quality-based maximum daily and average monthly effluent limitations were calculated using methods 
and procedures outlined in USEPA’s “Technical Support Document For Water Quality-based Toxics 
Control” (EPA/505/2-90-001). 
  
Note:  Under 40 CFR 133.105, permitting authorities shall require more stringent limitations than equivalent 
to secondary treatment limitations for 1) existing facilities if the permitting authority determines that the  
30-day average and 7-day average BOD5 and TSS effluent values that could be achievable through proper 
operation and maintenance of the treatment works, and 2) new facilities if the permitting authority 
determines that the 30-day average and 7-day average BOD5  and TSS effluent values that could be 
achievable through proper operation and maintenance of the treatment works, considering the design 
capability of the treatment process. 
 

8.1 LIMIT DERIVATION 
 
• Flow. In accordance with [40 CFR Part 122.44(i)(1)(ii)] the volume of effluent discharged from each 

outfall is needed to assure compliance with permitted effluent limitations. If the permittee is unable to 
obtain effluent flow, then it is the responsibility of the permittee to inform the Department, which may 
require the submittal of an operating permit modification. 

 
• Biochemical Oxygen Demand (BOD5). BOD5 limits of 10 mg/L monthly average and 15 mg/L average 

weekly were determined by the Department to be achievable and protective of beneficial uses and 
existing water quality. 
 
As per the DO Modeling & BOD Effluent Limit Development Administrative Guidance for the Purpose 
of Conducting Water Quality Assistance Reviews, facilities less than 100,000 gallons per day, and 
proposing BOD treatment less than or equal to an average monthly of 10 mg/L and average weekly of 15 
mg/L as demonstrated by performance specifications from a manufacturer or effluent sampling of an 
existing facility with the same treatment facility are exempt from the DO modeling requirement.  

 
Influent monitoring may be required for this facility in its Missouri State Operating Permit. 



 

 
• Total Suspended Solids (TSS).  

Table 3: TSS limits of 10 mg/L monthly average and 15 mg/L average weekly were determined by the 
Department to be achievable and protective of beneficial uses and existing water quality. According to 
EPA, because TSS and BOD are closely correlated, we apply the same limits for TSS as BOD. 
 
Table 4: For lake discharging facilities, TSS limits of 15 mg/L monthly average and 20 mg/L average 
weekly were determined by the Department to be achievable and protective of beneficial uses and 
existing water quality for discharges to lakes where mixing would apply. These limits are more 
protective than the TSS limitations designated at 10 CSR 20-7.015(3)(A)1.A. for lakes and reservoirs. 
 
Influent monitoring may be required for this facility in its Missouri State Operating Permit. 
 

• pH. – 6.5-9.0 SU. Technology based effluent limitations of 6.0-9.0 SU [10 CSR 20-7.015] are not 
protective of the Water Quality Standard, which states that water contaminants shall not cause pH to be 
outside the range of 6.5-9.0 SU. No mixing zone is allowed when using the Department’s Alternatives 
Analysis, therefore the water quality standard must be met at the outfall. 
 

• Total Ammonia Nitrogen for Table 3. The Department has determined that the alternatives analysis-
based technology limits of 0.6 mg/L monthly average and 1.7 mg/L daily maximum in summer, and 2.1 
mg/L monthly average and 5.6 mg/L daily maximum in winter are achievable by some treatment 
technologies. Because these limits are more protective than the water quality-based limits calculated 
below for a stream with no mixing, the technology-based limits were used.  

 
In choosing to use the Department’s alternatives analysis, the facility is electing to build a treatment 
plant that provides a high level of treatment that meets potential future limits based on the 2013 EPA 
Ammonia criteria and will potentially reduce the need to upgrade in the near future. If the facility owners 
do not believe that there is a treatment technology that is both economically efficient and practicable for 
their facility to meet these limits, a site-specific alternatives analysis may be required.  

 
Water Quality-Based Effluent Limits (WQBEL): 
Early Life Stages Present Total Ammonia Nitrogen criteria apply  
[10 CSR 20-7.031(5)(B)7.C. & Table B1 and Table B3]. Background total ammonia nitrogen = 0.01 
mg/L 

 

Season Temp (oC) pH (SU) Total Ammonia Nitrogen  
CCC (mg N/L) 

Total Ammonia Nitrogen 
CMC (mg N/L) 

Summer 26 7.8 1.5 12.1 
Winter 6 7.8 3.1 12.1 

 
Summer: April 1 – September 30 

Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 
 
Chronic WLA: Ce = ((Qe + 0.0)1.5 – (0.0 * 0.01))/Qe = 1.5 mg/L 
 
Acute WLA: Ce = ((Qe + 0.0)12.1 – (0.0 * 0.01))/Qe = 12.1 mg/L 
 
LTAc = 1.5 mg/L (0.780) = 1.17 mg/L   [CV = 0.6, 99th Percentile, 30 day avg.] 
LTAa = 12.1 mg/L (0.321) = 3.89 mg/L   [CV = 0.6, 99th Percentile] 
 
MDL = 1.17 mg/L (3.11) = 3.6 mg/L   [CV = 0.6, 99th Percentile] 
AML = 1.17 mg/L (1.19) = 1.4 mg/L   [CV = 0.6, 95th Percentile, n = 30] 



 

 
Winter: October 1 – March 31 
Chronic WLA: Ce = ((Qe + 0.0)3.1 – (0.0 * 0.01))/Qe = 3.1 mg/L 
 
Acute WLA: Ce = ((Qe + 0.0)12.1 – (0.0025 * 0.01))/Qe = 12.1 mg/L 
 
LTAc = 3.1 mg/L (0.780) = 2.42 mg/L   [CV = 0.6, 99th Percentile, 30 day avg.] 
LTAa = 12.1 mg/L (0.321) = 3.89 mg/L   [CV = 0.6, 99th Percentile] 
 
MDL = 2.42 mg/L (3.11) = 7.5 mg/L   [CV = 0.6, 99th Percentile] 
AML = 2.42 mg/L (1.19) = 2.9 mg/L   [CV = 0.6, 95th Percentile, n = 30] 

 

 
Maximum Daily 

Limit (mg/l) 
Average Monthly 

Limit (mg/l) 
Summer Winter Summer Winter 

WQBEL 3.6  7.5 1.4 2.9 
Alternatives Analysis Limits 1.7 5.6 0.6 2.1 

 
• Total Ammonia Nitrogen for Table 4. The Department has determined that the alternatives analysis-

based technology limits for lake discharging facilities of 3.6 mg/L summer daily maximum, 1.4 mg/L 
summer monthly average and 7.5 mg/L winter daily max, 2.9 mg/L winter monthly average are 
achievable by some treatment technologies. Because these proposed limits are more protective than the 
water quality-based limits calculated below for a lake with mixing where acute criteria would be 
applicable for determining the baseline limits, the alternatives analysis limits were used.  

 
Water Quality-Based Effluent Limits (WQBEL): 
Early Life Stages Present Total Ammonia Nitrogen criteria apply  
[10 CSR 20-7.031(5)(B)7.C. Table B1 & Table B3]. Background total ammonia nitrogen = 0.01 mg/L 

 

Season Temp (oC) pH (SU) Total Ammonia Nitrogen  
CCC (mg N/L) 

Total Ammonia Nitrogen  
CMC (mg N/L) 

Summer 26 7.8 1.5 12.1 
Winter 6 7.8 3.1 12.1 

 
Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 
Acute WLA: Ce = ((Qe + 0)12.1 – (0 * 0.01))/Qe 
  Ce = 12.1 mg/L 
 
LTAa = 12.1 mg/L (0.321) = 3.88 mg/L  [CV = 0.6, 99th Percentile] 
MDL = 3.88 mg/L (3.11) = 12.1 mg/L  [CV = 0.6, 99th Percentile] 
AML = 3.88 mg/L (1.19) = 4.6 mg/L  [CV = 0.6, 95th Percentile, n = 30] 

 

 
Maximum Daily 

Limit (mg/l) 
Average Monthly 

Limit (mg/l) 
Summer Winter Summer Winter 

WQBEL 12.1 12.1 4.6 4.6 
Alternatives Analysis Limits 3.6  7.5 1.4 2.9 

 
• Total Phosphorus. Total Phosphorus limits are only applicable to discharges to a lake or watershed of a 

lake that is a water of the state and has an area of at least ten acres during normal pool conditions. 
Monthly average of 0.5 mg/L and monitoring only for daily maximum were determined by the 
Department to be achievable and an appropriate target for the discharge to not cause or contribute to an 



 

instream water quality standard excursion or impairment should future modeling by the department 
occur.  

 
• Escherichia coli (E. coli). Limits will be applied based on the receiving stream designated use.  

 
Whole Body Contact: Monthly average of 126 per 100 mL as a geometric mean and Daily Maximum 
or Weekly Average as a geometric mean of 630 per 100 mL during the recreational season (April 1 – 
October 31), to protect Whole Body Contact Recreation designated use of the receiving water body, as 
per 10 CSR 20-7.031(5)(C) and 10 CSR 20-7.015 (9)(B)1. An effluent limit for both monthly average 
and daily maximum or weekly average is required by 40 CFR 122.45(d). Publicly owned treatment 
works will receive weekly average limits, while non-publicly owned treatment works will receive daily 
maximum limits. 
 
Losing Stream: Discharges to losing streams shall not exceed 126 per 100 mL as a Daily Maximum at 
any time, as per 10 CSR 20-7.031(5)(C). Monitoring only for a monthly average. No more than 10% of 
samples over the course of the calendar year shall exceed 126 #/100 mL daily maximum as per 10 CSR 
20-7.015(9)(B)1.G. 

 
Per the effluent regulations, the E. coli sampling/monitoring frequency for facilities less than  
100,000 gallons per day shall be set to match the monitoring  frequency of wastewater and sludge 
sampling program for the receiving water category in 7.015(1)(B)3. during the recreational season  
(April 1 – October 31), with compliance to be determined by calculating the geometric mean of all 
samples collected during the reporting period (samples collected during the calendar week for the weekly 
average, and samples collected during the calendar month for the monthly average). Please see 
GENERAL ASSUMPTIONS OF THE WQAR #7 

 
• Total Residual Chlorine (TRC). These limits will apply to facilities that chlorinate. Warm-water 

Protection of Aquatic Life CCC = 10 µg/L, CMC = 19 µg/L [10 CSR 20-7.031, Table A1]. Background 
TRC = 0.0 µg/L. 
 
Ce =(((Qe+Qs)*C) - (Qs*Cs))/Qe 
 
Chronic WLA: Ce = ((Qe + 0.0)10 – (0.0 * 0.0))/ Qe = 10 µg/L 
 
Acute WLA: Ce = ((Qe + 0.0)19 – (0.0 * 0.0))/ Qe = 19 µg/L 
 
LTAc = 10 µg/L (0.527) = 5.3 µg/L   [CV = 0.6, 99th Percentile] 
LTAa = 19 µg/L (0.321) = 6.1 µg/L   [CV = 0.6, 99th Percentile] 
 
MDL = 5.3 µg/L (3.11) = 16.5 µg/L   [CV = 0.6, 99th Percentile] 
AML = 5.3 µg/L (1.55) = 8.2 µg/L   [CV = 0.6, 95th Percentile, n = 4] 
 
Total Residual Chlorine effluent limits of 0.017 mg/L daily maximum, 0.008 mg/L monthly average are 
recommended if chlorine is used as a disinfectant. Standard compliance language for TRC, including the 
minimum level (ML), should be included in the permit. 
 

• Aluminum, Total Recoverable. Monitoring only. The facility may use chemicals for phosphorous 
removal that contain aluminum. Monitoring may be included in the operating permit to determine if 
reasonable potential exists for this facility’s discharge to exceed water quality standards for Aluminum 
(Total Recoverable).  
 



 

• Iron, Total Recoverable. Monitoring only. This facility may use chemicals for phosphorous removal 
that contain iron. Monitoring may be included in the operating permit to determine if reasonable 
potential exists for this facility’s discharge to exceed water quality standards for Iron (Total 
Recoverable).  

 
• Oil & Grease. These limits will apply to publicly owned treatment works and may apply to other 

facilities as appropriate. Conventional pollutant, [10 CSR 20-7.031, Table A1]. Effluent limitation for 
protection of aquatic life; 10 mg/L monthly average, 15 mg/L daily maximum.  

 
Permit limits for any other applicable parameters may be included in the operating permit based on water 
quality standards and criteria as applicable. 
 
9. ANTIDEGRADATION REVIEW PRELIMINARY DETERMINATION 
 
The proposed new or expanded facility discharge is assumed to result in significant degradation of the 
receiving waterbody. The Department has used available data to complete a review of available treatment 
technologies and expected performance. As a result of this review, the Department has determined that, 
depending on site specific conditions, there may be technologies available which are economically efficient 
and practicable for a facility that are capable of meeting the effluent limits in Table 3 or Table 4. If the 
facility owners do not believe that there is a treatment technology that is both economically efficient and 
practicable for their facility to meet the limits in Table 3 or Table 4, a site specific WQAR may be requested. 
 
Any treatment option designed to meet these effluent limits may be considered a reasonable alternative in 
moving forward with the appropriate facility plan, construction permit application, or other future submittals. 
 
If the proposed treatment system is not covered in 10 CSR 20-8 Minimum Design Standards and is 
considered a new treatment technology, your construction permit application must address approvability of 
the technology in accordance with the Approval Process for Innovative Technology – PUB2453 factsheet. If 
you have any questions regarding the new technology factsheet, please contact Cindy LePage of the Water 
Protection Program. The permittee will need to work with the review engineer to ensure equipment is sized 
properly and that the technology will consistently achieve the proposed effluent limits. The operating permit 
may contain additional requirements to evaluate the effectiveness of the technology once the facility is in 
operation. 
 
Per the requirements of the AIP, the effluent limits in this review were developed to be protective of 
beneficial uses and to attain the highest statutory and regulatory requirements. The Department has 
determined that the submitted review is sufficient and meets the requirements of the AIP. No further analysis 
is needed for this discharge. 
 
 
 
 
 
 
  



 

APPENDIX A: MAP OF DISCHARGE LOCATION  
Approximate location of outfall shown by red “X” mark 

 



 

 

 
 
 
  



 

APPENDIX B: DEMONSTRATION OF APPLICABILITY OF THE DEPARTMENT’S ALTERNATIVES 
ANALYSIS FOR DOMESTIC WASTEWATER FACILITIES WITH DESIGN FLOW LESS THAN 50,000 
GALLONS PER DAY AND DETERMINATION THAT PROPOSED DISCHARGE IS NOT EXPECTED TO 
CAUSE OR CONTRIBUTE TO THE ELKHORN CREEK DISSOLVED OXYGEN IMPAIRMENT  
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1. PURPOSE OF REPORT 
 

NEW FLORENCE OWNER, LLC is proposing Project Green, which includes a new Amazon Web Services 
(AWS) data center facility located near New Florence in Montgomery County. Data centers support essential 
digital services such as email, cloud storage, and search engines by providing data storage and processing 
capacity. The proposed discharge will include domestic wastewater from employee restrooms and facilities. 
The Water Quality and Antidegradation Review Department’s Alternatives Analysis for Domestic Wastewater 
Facilities with Design Flow Less Than 50,000 Gallons per Day (Water Quality and Antidegradation Review) 
that composes the main body of this report, to which this report is an appendix, addresses the proposed 
domestic discharge. 

 
To evaluate the proposed domestic discharge, an Antidegradation Review Request was submitted by 
Geosyntec Consultants on behalf of NEW FLORENCE OWNER, LLC. The applicant elected to determine that 
all pollutants of concern (POC) require a demonstration of necessity (i.e., alternatives analysis) and a 
determination of social and economic importance in the absence of existing water quality data for the receiving 
stream. For small domestic wastewater systems (i.e., those with design flows up to 50,000 gallons per day) 
discharging to non-impaired waterbodies which are eligible for a Tier 2 review, the Missouri Department of 
Natural Resources (department) offers the voluntary general antidegradation review pathway. The general 
antidegradation review pathway includes an alternatives analysis conducted by the department using available 
data to complete a review of available treatment technologies and expected performance. The department 
determined through its alternatives analysis that, depending on site specific conditions, there may be 
technologies available which are economically efficient and practicable for a facility that are capable of 
meeting the effluent limits as outlined in Table 3 of the Department’s Alternatives Analysis for Domestic 
Wastewater Facilities with Design Flow Less Than 50,000 Gallons per Day. The effluent limits in Table 3 
were developed to be more stringent than the minimum regulatory requirements. Applicants using the general 
antidegradation review pathway must agree to the department’s alternatives analysis and the associated effluent 
treatment levels, or a site-specific alternatives analysis conducted by the applicant must be supplied for review. 
For this review, the applicant has agreed to accept the effluent limits required by the department’s alternatives 
analysis. The purpose of this document is to provide additional site-specific information to justify the proposed 
discharge meets the conditions of the Department’s Alternatives Analysis for Domestic Wastewater Facilities 
with Design Flow Less Than 50,000 Gallons per Day and is not expected to cause or contribute to the 
dissolved oxygen impairment of Elkhorn Creek approximately six miles downstream from the proposed 
domestic wastewater system discharge.  

 
2. FACILITY INFORMATION 

 
The Project Green Domestic WWTP is a proposed new wastewater treatment plant that will treat domestic 
wastewater contributed by employees of the data center facilities. 
 

Facility Name: Project Green Domestic WWTP 
Address: Hudson Rd, New Florence, MO  63363 
Permit #: MO-NEW 
County: Montgomery 
Facility Type: Domestics, Non - POTW 
Owner: NEW FLORENCE OWNER, LLC 
Continuing Authority: Same as owner 
Sec. of State Charter No:  LC1200310 
UTM Coordinates: X = 637532, Y = 4307393 
Legal Description: Sec. 30, T48N, R04W, Montgomery County 
12-digit watershed: 07110008-0301 
Ecoregion: Central Irregular Plains 

 
A. GEOHYDROLOGIC EVALUATION 
A Geohydrologic Evaluation Report prepared by the Missouri Geologic Survey was submitted with the request 
and the receiving stream is gaining for discharge purposes (see Appendix E). 

 
 



 

B. RECEIVING WATERBODY INFORMATION 
 
I. RECEIVING WATERBODY  

 
Table 0-1: Outfalls Table 

OUTFALL DESIGN FLOW 
(CFS) 

DESIGN FLOW 
(MGD) TREATMENT LEVEL EFFLUENT TYPE 

001 0.053 0.034 Secondary Domestic 
 

Table 0-2: Receiving Stream(s) 

WATER-BODY NAME CLASS WBID DESIGNATED USES* 12-DIGIT HUC 
DISTANCE TO 
CLASSIFIED 

SEGMENT (MI) 
Tributary to Elkhorn 
Creek (Presumed Use 

Stream) 
C 5024 AHP-WWH, IRR, LWP, 

WBC-B, SCR, HHP 07110008-0301 0 

* AHP = Aquatic Habitat Protection - To ensure the protection and propagation of fish, shellfish, and wildlife.  AHP is further subcategorized as: 
WWH = Warm Water Habitat; CLH = Cool Water Habitat; CDH= Cold Water Habitat; EAH = Ephemeral Aquatic Habitat; MAH = Modified 
Aquatic Habitat; LAH = Limited Aquatic Habitat; DWS = Drinking water supply; GRW = Groundwater;  HHP = Human Health Protection as it 
relates to the consumption of fish; IND = Industrial water supply; IRR = Irrigation - Application of water to cropland or directly to cultivated plants 
that may be used for human or livestock consumption; LWP = Livestock and wildlife protection - Maintenance of conditions in waters to support 
health in livestock and wildlife; WBC = Whole Body Contact recreation where the entire body is capable of being submerged. WBC is further 
subcategorized as: WBC-A = Whole body contact recreation that supports swimming uses and has public access; WBC-B = Whole body contact 
recreation that supports swimming;  SCR = Secondary Contact Recreation (like fishing, wading, and boating).  

 
Table 0-3: Receiving Stream Segments 

Receiving Water Body Segment Outfall #1:   

Upper end segment* UTM coordinates: X = 637532 ; Y = 4307393 outfall 

Lower end segment* UTM coordinates:  X = 636633 ; Y = 4310447 downstream confluence 
*Segment is the portion of the stream where discharge occurs. Segment is used to track changes in assimilative capacity and is bound at a minimum 
by existing sources and confluences with other significant water bodies. 

 
C. LOSING STREAM ALTERNATIVE DISCHARGE LOCATION 

Under 10 CSR 20-7.015(4)(A), discharges to losing stream shall be permitted only after other alternatives 
including land application, discharge to gaining stream and connection to a regional facility have been 
evaluated and determined to be unacceptable for environmental and/or economic reasons.  
 
The proposed outfall will discharge to the tributary to Elkhorn Creek, which is classified as gaining based on 
the 2025 geohydrologic evaluation. 
 
D. MIXING CONSIDERATIONS AND LOW FLOW VALUES 

 
The proposed receiving waterbody is the tributary to Elkhorn Creek, which is a class C stream. The applicant 
elected to use United States Geologic Survey StreamStats model to establish low flow values. See Appendix D 
for StreamStats summary.  

  



 

Table 0-4: Receiving Stream(s) Low-Flow Values (CFS) 
 LOW-FLOW VALUES (CFS) 

RECEIVING STREAM 1Q10 7Q10 30Q10 
Tributary to Elkhorn Creek 

(Presumed Use Stream) 0.0 0.0 0.0 

 
Table 0-5: Mixing Considerations  

 1Q10 7Q10 30Q10 
MIXING ZONE (CFS) 

[10 CSR 20-7.031(5)(A)4.B.(I)(a)] 0 0 0 

ZONE OF INITIAL DILUTION (CFS) 
[10 CSR 20-7.031(5)(A)4.B(I)(b)] 0 0 N/A 

 
 

3. JUSTIFICATION OF DISCHARGE NECESSITY 
 

Per the Antidegradation Implementation Procedure (AIP), Tier 2 protection requires a Tier 2 review designed 
to prohibit degrading the quality of a surface water unless a review of discharge necessity and social and 
economic considerations justifies the degradation of water quality. For Tier 2 antidegradation reviews, 
establishing the necessity of discharge includes an analysis to determine whether any non-discharging 
wastewater treatment alternatives are feasible. To this end, the applicant evaluated the alternatives of 
regionalizing to an existing regional wastewater treatment facility and installing a no-discharge wastewater 
treatment facility. A discussion of the alternatives analysis is provided below. The justification of the social 
and economic importance of the proposed discharge is discussed in the following section 4. Justification of 
Social and Economic Importance.  

 
A. REGIONALIZATION EVALUATION 

Regionalization eliminates the need to attain a discharge permit by sending wastewater flows to an 
existing regional facility for treatment. There are two regional treatment facilities located within a five-
mile radius of the project site, the New Florence WWTF (MO0110817) and the High Hill WWTF 
(MO0102083). Neither of these facilities have sufficient excess capacity to accept the full domestic 
wastewater flows from Project Green. The Jonesburg WWTF (MO0040851) and the Montgomery City 
Clear Creek Wastewater Treatment Plant (MO0127124) likely have sufficient capacity but are 
approximately six miles away. In addition to the prohibitive distance, connection to one of these facilities 
would involve significant engineering challenges due to the fact that the new sewer lines would be miles 
long and would cross streams and highways. The regionalization alternative has been deemed 
impracticable because suitable facilities are too far away to make regionalization practicable. 

 
B. NO DISCHARGE EVALUATION 

Construction of a storage lagoon with a land application system was evaluated as a non-discharging 
alternative to the proposed discharge. For this alternative, wastewater would be stored in a lagoon until it 
can be applied to suitable land at an agronomic rate. The consultant estimated that about 30 acres of land 
would be necessary to implement this alternative. This estimate accounts for the space necessary for the 
storage lagoon and the land application site itself. The consultant also noted that soils in the vicinity of the 
project site are high in clay. The 2025 geohydrologic evaluation states, “Surficial materials are primarily 
dark brown clay loam and silt loam with low overall permeability”. Soils with low permeability can 
restrict the soil’s ability to absorb water, which can lead to ponding, surface runoff, and other 
environmental issues. Due to the amount of land required to implement this alternative and the high clay 
content in local soils, the no discharge alternative using land application was deemed impracticable.  

 
C. DISCHARGING ALTERNATIVES EVALUATION 

The applicant utilized the Department’s Alternatives Analysis for Domestic Wastewater Facilities with 
Design Flow Less Than 50,000 Gallons Per Day to satisfy the requirements of the AIP with respect to the 
discharging alternatives analysis.  

 
 



 

4. JUSTIFICATION OF SOCIAL AND ECONOMIC IMPORTANCE 
 

The affected community consists of the citizens of New Florence City and those living in the vicinity of the 
project location in Montgomery County. Based on data compiled from the United States Census Bureau and 
the United States Bureau of Labor Statistics, the population of New Florence City as of 2023 was 784. The 
median household income, percent change in median household income, and percent change in population 
from 2000 to 2023 are all lower than the state and national averages. The percent of population below poverty 
level is slightly higher than the state and national averages, and the percent of households receiving food 
stamps is substantially higher than the state and national averages.  
 

 
 
The construction of the Project Green Domestic WWTP is necessary to provide wastewater treatment capacity 
for employees and workers at the proposed data center. Data centers provide a benefit to individuals, 
governments, and private companies by their function in providing storage and processing capacity to support 
digital services such as email, cloud storage, and search engines. The applicant believes Project Green will be 
the largest private capital investment project in Montgomery County as of the writing of this antidegradation 
review. Project Green is expected to create a social and economic benefit to the community by creating jobs, 
supporting local businesses, increasing local tax revenues, and attracting future investments in the local 
economy.  
 
The applicant anticipates that construction of Project Green will create thousands of construction jobs in 
addition to 400 permanent jobs. The average salary for the permanent jobs is expected to be $85,000, which is 
higher than the median household income for New Florence City, Montgomery County, the State of Missouri, 
and the United States. In addition to the permanent jobs and construction jobs, the applicant anticipates that 
hundreds of full-time equivalent contractor positions will be required to support the facility maintenance and 
operation needs. Further, AWS provides programs aimed to promote workforce development. AWS provides a 
pre-apprenticeship program to promote workforce development for job seekers with little to no experience, as 
well as programs for elementary through high school students in which students gain technical knowledge and 
develop leadership skills through hands on learning. The applicant intends to partner with the Montgomery 
County R-II School District to promote these opportunities.  
 
The Project Green data center is expected to generate between $400,000,000 and $1,800,000,000 in combined 
real property tax revenue and personal property payments in lieu of tax for Montgomery County political 
subdivisions over 25 years, which is a significant increase from the estimate that the current land use will 
generate approximately $200,000 in tax revenue across the same time frame. This increase in tax revenue will 
provide funding for public schools, roads, emergency services, and essential health services in Montgomery 
County. In addition to the increased tax revenue, AWS has pledged to invest $7,000,000 in community 
contributions including $1,000,000 for a new gathering space on the Montgomery County Fairgrounds, 
community grants for teachers and non-profit organizations, and $3,000,000 in Montgomery County’s 911 and 
emergency response system through 2027. This investment is expected to result in modernized and improved 
911 systems, radio communication systems, and other infrastructure and equipment.  
 



 

The applicant has provided letters signed by representatives from the City of Montgomery, Montgomery 
County, the Montgomery County Health Department, the Greater Montgomery County Economic 
Development Council, the Greater Montgomery County Port Authority, and the Developmental Disabilities 
Assistance Board of Montgomery County in support of Project Green. These letters discuss the anticipated 
social and economic benefits to the community (see Appendix H). In summary, Project Green is anticipated to 
bolster and support the local job market, increase local tax revenues, and provide investment into the 
community both with direct investment from AWS and by attracting future investments.  

 
5. NATURAL HERITAGE REVIEW 

 
A Missouri Department of Conservation Natural Heritage Review was obtained by the applicant (see Appendix 
F). The report identifies that two species of bats, Indiana and Northern Long-Eared, may be present in the 
project area. The following recommendations were made for construction activities: 

• Manage construction to minimize sedimentation and run-off to nearby streams. 
• At stream and drainage crossings, avoid erosion, silt introduction, petroleum or chemical pollution, 

and disruption or realignment of stream banks and beds. 
• Revegetate disturbed areas to minimize erosion. 
• Remove mud, soil, plants, and animals from equipment before leaving site. 

 
The applicant also obtained an Information for Planning and Consultation (IPaC) report from the U.S. Fish and 
Wildlife Service (see Appendix G). The species list included with the IPaC report identifies threatened, 
endangered, proposed and candidate species, as well as proposed and final designated critical habitat, that may 
occur within the boundary of the proposed project and may be affected by the proposed project. The identified 
species include Gray Bat, Indiana Bat, Tricolored Bat, and Monarch Butterfly. Project Green does not overlap 
with designated critical habitat for these listed species, and no tree clearing is planned for the domestic WWTP. 
The land has been cleared for decades from production of agricultural row crops, therefore no impact to 
threatened or endangered species is anticipated.  

 
6. DOWNSTREAM IMPAIRMENT AND QUAL2K MODEL 

 
The proposed Project Green Domestic WWTP will discharge to an unnamed tributary to Elkhorn Creek in the 
vicinity of the intersection of Fairview Road and Ellis Road, in New Florence. A 21.4-mile segment of Elkhorn 
Creek, which is approximately six miles downstream of the proposed discharge location, was added to the 
2002 United States Environmental Protection Agency (EPA) Approved Section 303(d) list due to not meeting 
Missouri’s minimum dissolved oxygen (DO) criterion of 5.0 mg/L. Section 303(d) of the federal Clean Water 
Act requires that each state identify waters that are not meeting water quality standards and for which adequate 
water pollution controls have not been required. Water quality standards protect such beneficial uses of water 
as whole-body contact (such as swimming), maintaining fish and other aquatic life, and providing drinking 
water for people, livestock and wildlife. The 303(d) list helps state and federal agencies keep track of waters 
that are impaired but not addressed by normal water pollution control programs. DO measures the conditions 
of the receiving waters and is not itself a pollutant of concern, so the 2002 303(d) listing specified BOD and 
non-volatile suspended solids (NVSS) as the primary causes for the DO impairment. 
 
A total maximum daily load (TMDL) is a calculation of the maximum amount of a given pollutant that a body 
of water can absorb before its water quality is affected. If a water body is determined to be impaired as listed 
on the 303(d) list, then a watershed management plan will be developed that shall include the TMDL 
calculation. In a letter to the EPA, the department stated its intent to correct the dissolved oxygen impairment 
through permit limits in lieu of a TMDL. The letter states, “[Montgomery City’s] northeast WWTP is located 
near the headwaters of Elkhorn Creek. There are no other treatment plants upstream and the land is sparse rural 
development…Montgomery City is designing a new WWTP and…new final limits [will] take effect on March 
28, 2008. These limits ensure stream water quality standards (WQS) will be met.” In 2006, the U.S. EPA 
approved the Montgomery City Northeast WWTP permit submitted by the department to serve in lieu of a 
TMDL. (https://dnr.mo.gov/document-search/elkhorn-creek-permit-lieu-total-maximum-daily-load). However, 
water quality monitoring conducted in 2018 found the segment of Elkhorn Creek is still impaired due to not 
meeting Missouri’s minimum DO criterion. Therefore, Elkhorn Creek was included on Missouri’s 2022 303(d) 
list with an unknown source. 
 

https://dnr.mo.gov/document-search/elkhorn-creek-permit-lieu-total-maximum-daily-load


 

The department conducted QUAL2K modeling to determine effluent concentrations for the proposed Project 
Green discharge that are not expected to cause or contribute to the downstream DO impairment in Elkhorn 
Creek. The model considers the critical low-flow conditions when low dissolved oxygen conditions are likely 
to occur. The QUAL2K modeling report (see Appendix C) demonstrates that when the domestic WWTP 
effluent concentrations are consistent with the requirements of Table C of the general permit for domestic 
treatment works discharging less than or equal to 50,000 gallons per day into rivers or streams 
(MO-GDS0000), then the modeled concentration of DO in downstream Elkhorn Creek was greater than 5.0 
mg/L in all modeled scenarios.  

 
7. JUSTIFICATION OF APPLICABILITY OF GENERAL ANTIDEGRADATION 

 
The department offers a voluntary general antidegradation review pathway for small domestic wastewater 
systems discharging to non-impaired waterbodies which are eligible for a Tier 2 review. The proposed 
domestic discharge is to the unnamed non-impaired tributary to Elkhorn Creek. The impaired segment of 
Elkhorn Creek is approximately six miles downstream. One of the purposes of QUAL2K modeling discussed 
above in section 6. Downstream Impairment and QUAL2K Model, was to evaluate whether effluent limits as 
required by the general permit for domestic treatment works discharging less than or equal to 50,000 gallons 
per day into rivers or streams (MO-GDS0000) would be protective of the instream DO criterion, and as such, 
whether the proposed discharge could be eligible for a Tier 2 review. The model results indicate that when the 
domestic discharge has effluent concentrations which are consistent with the requirements of the MO-GDS 
general permit, the expected resulting concentration of DO in Elkhorn Creek meets the instream DO criterion. 
This fact supports that all POCs in the proposed domestic discharge can be classified as Tier 2 pollutants which 
are not expected to cause or contribute to the downstream impairment of DO in Elkhorn Creek, and that the 
discharge can be permitted under the MO-GDS general permit.  
 
Based on industry standard references, typical untreated domestic wastewater has total nitrogen concentrations 
of approximately 40 mg/L. The EPA’s Nutrient Control Design Manual (2010) states that 15 to 30% of 
influent nitrogen can be removed via biomass synthesis and sludge wasting. However, for QUAL2K model 
input purposes a conservative effluent total nitrogen value of 51.3 mg/L was assumed. The modeling 
demonstrated that the effluent total nitrogen concentration should not exceed 35 mg/L at any time to maintain 
the downstream DO criterion.  
 
To confirm that the proposed domestic discharge is not anticipated to have effluent concentrations exceeding 
35 mg/L total nitrogen, the department reviewed the antidegradation application and supporting 
documentation, available effluent concentration data from permitted facilities in Missouri utilizing a similar 
treatment design through the Discharge Monitoring Report system, and technical design guidance. For the 
domestic discharge, the applicant is proposing to install a membrane bioreactor (MBR) treatment technology 
equipped with a pre-anoxic zone to operate as a modified Ludzack-Ettinger (MLE) process. The applicant 
supplied a Facility Plan identifying operational and maintenance requirements for the proposed treatment 
system and detailing the preliminary design, including design parameters and assumptions. MBRs utilizing the 
MLE process are capable of a high degree of treatment and are designed to provide denitrification for removal 
of total nitrogen. The Facility Plan supplied by the applicant states, “the system will include provisions in the 
design to maintain total nitrogen concentrations below 25 mg/L in the effluent.” Guidance from the EPA, as 
well as technical design guidance resources such as the Wastewater Engineering Treatment and Reuse, 4th 
Edition (Metcalf & Eddy, 2002), the Membrane Bioreactors, MOP 36 (Water Environment Federation, 2024) 
and The MBR Book, 2nd Edition (Simon Judd, 2011) support that a properly designed and operated MBR 
utilizing the MLE process with a pre-anoxic zone is capable of achieving a typical effluent concentration for 
total nitrogen of less than 10 mg/L. Further, in a review of existing MBRs permitted in Missouri which are 
using a similar configuration and for which effluent concentration data was available, the department 
determined that these facilities are consistently achieving total nitrogen effluent concentrations below 35 mg/L.  
 
Therefore, based upon a review of the available information, the department anticipates the proposed Project 
Green Domestic WWTP will provide adequate treatment and would not exceed a total nitrogen concentration 
of 35 mg/L.  

 
 
 

https://dnr.mo.gov/water/business-industry-other-entities/permits-certification-engineering-fees/wastewater/treatment-works-50000-gallons-rivers-streams-mo-gds0000
https://dnr.mo.gov/water/business-industry-other-entities/permits-certification-engineering-fees/wastewater/treatment-works-50000-gallons-rivers-streams-mo-gds0000


 

8. SUMMARY 
 

Based on department review, the proposed new Project Green domestic discharge meets the applicability 
conditions of the Department’s Alternatives Analysis for Domestic Wastewater Facilities with Design Flow 
Less Than 50,000 Gallons per Day and is not expected to cause or contribute to the dissolved oxygen 
impairment of Elkhorn Creek approximately six miles downstream. This determination is valid only when the 
domestic discharge will utilize the MBR treatment alternative as proposed in the applicant submitted Facility 
Plan. If the applicant elects to pursue installation of a different treatment alternative, or if the applicant 
proposes changes to the MBR process design affecting capacity, flow, system layout, operation of units, or 
point of discharge, further department review will be necessary to determine if the proposed discharge qualifies 
for the Department’s Alternatives Analysis for Domestic Wastewater Facilities with Design Flow Less Than 
50,000 Gallons per Day, or if a site-specific antidegradation review is necessary instead. 
 

 
 
Reviewer: Thomas Silkwood 
Date: June 2026 
Reviewer: Cailie Carlile, P.E. 
 
 

  



 

APPENDIX C: QUAL2K MODEL 
 

QUAL2K Modeling Report for Elkhorn Creek 
 
Summary 
A 21.4-mile segment of Elkhorn Creek, water body identification (WBID) 189, was first placed on 
Missouri’s 2002 303(d) List of Impaired Waters due to violations of Missouri’s minimum dissolved 
oxygen (DO) criterion of 5.0 milligram per liter (mg/L).1 Because DO is a response to pollution 
rather than a discreet pollutant itself, the 2002 303(d) list specified biochemical oxygen demand 
(BOD) and non-volatile suspended solids (NVSS) as the primary causes of the low DO impairment. 
Due to its impaired status, a Permit in Lieu of a Total Maximum Daily Load (TMDL) was 
developed and approved by the U.S. Environmental Protection Agency on April 6, 2006. The 
Permit in Lieu of a TMDL established concentration targets for Montgomery City’s Wastewater 
Treatment Plant (Permit number MO-0084158) for BOD, ammonia, and total suspended solids 
(TSS) using a QUAL2E model at levels necessary to attain and maintain applicable water quality 
standards. Water quality monitoring conducted on Elkhorn Creek in 2018 found that the stream is 
still impaired due to violations of Missouri’s minimum DO criterion and therefore Elkhorn Creek 
was put back on Missouri’s 303(d) list. It has remained there is currently listed on the most recent 
2024-2026 303(d) List of Impaired Waters with an unknown source. 
 
Due to a new proposed domestic discharge to Elkhorn Creek near New Florence, the TMDL and 
Modeling Unit conducted QUAL2K modeling to determine effluent concentrations that are not 
expected to cause or contribute to the DO impairment in Elkhorn Creek. Resulting modeled effluent 
concentrations are expected to result in DO concentrations greater than 5.0 mg/L in all modeled 
scenarios. Modeled effluent concentrations for temperature are expected to maintain attainment of 
Missouri temperature criteria in all modeled scenarios. 
 
Discussion of the QUAL2K modeling process, data, and all relevant inputs for the proposed 
discharge can be found in the following sections. Effluent concentrations were modeled for 5-day 
biochemical oxygen demand (BOD5), total phosphorus (TP), total nitrogen (TN), ammonia as 
nitrogen (ammonia-N), and TSS. Minimum effluent DO concentrations are also specified and are 
required to meet the model assumptions for attainment of water quality standards. Additional DO 
monitoring is also recommended to account for uncertainty in model calibration. Final modeled 
effluent concentrations are provided in Tables 1 and 2, which cover a range of modeled scenarios 
for a proposed design flow range of 24,000 - 34,000 gpd for the domestic system. These effluent 
concentrations will be protective of critical low-flow conditions (May through October) when low 
dissolved oxygen conditions are likely to occur.   

 
1The department maintains current and past 303(d) lists and corresponding assessment worksheets online at dnr.mo.gov/water/what-
were-doing/water-planning/quality-standards-impaired-waters-total-maximum-daily-loads/impaired-waters.  

https://dnr.mo.gov/water/what-were-doing/water-planning/quality-standards-impaired-waters-total-maximum-daily-loads/impaired-waters
https://dnr.mo.gov/water/what-were-doing/water-planning/quality-standards-impaired-waters-total-maximum-daily-loads/impaired-waters


 

Table 1. First Scenario QUAL2K Modeled Effluent Concentrations for Project Green  
Effluent Parameters Domestic System* 
Flow (gpd) 24,000  
TN (mg/L) - 
TP (mg/L) - 
Ammonia-N (mg/L) 0.6 
BOD5 (mg/L) 10 
Temperature (Fahrenheit) - 
TSS (milligrams per Liter) 10 
Minimum DO requirement - 
Monitoring recommendations Quarterly effluent DO 

monitoring 
*The modeled effluent concentrations for the domestic system shown here are consistent with Table C in the general 
domestic permit (MO-GDS0000). 
 
Table 2. Second Scenario QUAL2K Modeled Effluent Concentrations for Project Green 
Effluent Parameters Domestic System 
Flow (gpd) 34,000  
TN (mg/L) 35* 
TP (mg/L) - 
Ammonia-N (mg/L) 0.6 
BOD5 (mg/L) 10 
Temperature (Fahrenheit) - 
TSS (milligrams per Liter) 10 
Minimum DO requirement - 
Monitoring recommendations Quarterly effluent DO 

monitoring 
* If the effluent does not exceed the modeled TN effluent concentration of 35 mg/L at any time, then modeled 
concentrations shown here are consistent with Table C in the general domestic permit (MO-GDS0000) and are not 
expected to cause or contribute to the DO impairment. 
 
Background 
Elkhorn Creek is located in east central Missouri in Montgomery County within the Cuivre River 
subbasin, that is cataloged by the U.S. Geological Survey (USGS) as the 8-digit hydrologic unit 
code (HUC) 07110008. Missouri’s 2024-2026 303(d) list cites unknown sources as the cause of the 
low DO impairment. Project Green consists of a proposed domestic system near New Florence. The 
location of the Montgomery City WWTP, the proposed Project Green discharge, and the impaired 
segment of Elkhorn Creek are depicted in Figure 1.  
 

https://dnr.mo.gov/water/business-industry-other-entities/permits-certification-engineering-fees/wastewater/treatment-works-50000-gallons-rivers-streams-mo-gds0000
https://dnr.mo.gov/water/business-industry-other-entities/permits-certification-engineering-fees/wastewater/treatment-works-50000-gallons-rivers-streams-mo-gds0000


 

 
Figure 1. Location of the Proposed Project Green Discharge and the Modeled Portion of the 
Elkhorn Creek Watershed  
 
 
 



 

Elkhorn Creek Stream Sampling 
The department’s Environmental Services Program staff conducted stream sampling on Elkhorn 
Creek on July 10-12, 2018, to develop a Waste Load Allocation (WLA) Study for the Montgomery 
City WWTP outfall. The WLA study was conducted to assess the potential contribution(s) to the 
DO impairment in Elkhorn Creek that arise from discharge from the Montgomery City WWTP. The 
relevant stream sample locations are summarized in Table 3 and depicted in Figure 2. 
 
Table 3. Elkhorn Creek Sample Sites  

Site Description Site ID 

Elkhorn Creek, 0.45 miles upstream of Outfall #001  EC-01 

Outfall - Montgomery City WWTP WWTP 

Elkhorn Creek, 0.29 miles downstream of Outfall #001  EC-02 

Elkhorn Creek, 1.10 miles downstream of Outfall #001  EC-03 

Elkhorn Creek, 3.00 miles downstream of Outfall #001  EC-04 

 
 
 
 



 

 
Figure 2. Elkhorn Creek 2018 Stream Survey Sample Points and Subwatersheds Used in this 
Analysis. 
 
 
 



 

Elkhorn Creek was divided into four reaches based on stream and watershed characteristics. The 
QUAL2k model simulates 27.3 km of Elkhorn creek and encompasses the proposed Project Green 
discharge and the Montgomery City WWTP. Little Elkhorn Creek and an unnamed tributary were 
also included in the model to improve calibration. The distance, diffuse sources, diffuse abstractions 
(losses to groundwater), point sources, sample sites, and tributaries for each of the reaches, with 
distances in km to maintain consistency with the QUAL2K model, are shown in Figure 3.  
 
 
 

 
Figure 3. Elkhorn Creek QUAL2K Model Schematic 
 
Modeled Flow 
Stream flow and Montgomery City WWTP discharge measured during the 2018 stream survey were 
used to inform flow values in the calibration model. Diffuse inflows and abstractions were added 
(or subtracted, as necessary) to all four study reaches to aid in calibration of flow, temperature, 
specific conductivity, carbonaceous biochemical oxygen demand (CBOD), DO, ammonia-N, TN, 
TP, and pH.  
 
Rating Curves 
Rating curves were used to model velocity and depth based on observed flows. Power regression 
equations were developed using the observed flow, velocity, and depth values measured on July 11, 
2018. The rating curve coefficients were then manually adjusted for each reach individually to 
improve the depth and velocity calibration. The rating curve variables for each reach are shown in 
Table 4. 
 
 
 
 
 
 
 

Reach 1 Headwater 

27.3 kilometers (km) to 27.2 km 

 Reach 2  

27.2 km to 14.3 km  

Proposed domestic discharge located at 26.7 km 

Unnamed tributary inflow at 15.0 km Reach 3 14.3 km to 6.7 km 

EC-01 sample site at 7.4 km 

Montgomery City WWTP outfall at 6.7 km 

Diffuse Inflow 

Diffuse Abstraction 

Diffuse Inflow 

Diffuse Abstraction 

Diffuse Inflow 

Diffuse Abstraction  

Diffuse Inflow 

  

Reach 4 6.7 km to end (0.0 km)  

EC-02 sample site at 6.2 km 

EC-03 sample site at 4.9 km 

       

      

 

 

 



 

Table 4. Rating Curve Variables Used in Model 
 Velocity Rating Curve Depth Rating Curve 
 Coefficient Exponent Coefficient Exponent 

Reach 1 0.800 0.5900 0.0200 0.0010 
Reach 2 0.800 0.5900 0.0350 0.0010 
Reach 3 0.800 0.5900 0.0500 0.0010 
Reach 4 0.600 0.5900 0.1000 0.0010 

 
Calibration Data 
The QUAL2K model was calibrated to data collected on July 11, 2018, by the department’s 
Environmental Services Program staff. The 2018 records are the most recent data where morning 
(low) DO concentrations were recorded in addition to afternoon (high) DO concentrations. The data 
used for the Elkhorn Creek QUAL2K calibration model and additional data collected during the 
2018 stream survey are summarized in Table 5. Relevant calibration model outputs are displayed in 
Figures 4 through 8. 
 
Table 5. 2018 Grab Sample Data Used for the Elkhorn Creek QUAL2K Calibration 

 
 
 
 
 
 
 
 
 



 

 
Figure 4. Elkhorn Creek QUAL2K Calibration Flow Model Output  
 

 
Figure 5. Elkhorn Creek QUAL2K Calibration Temperature Model Output  



 

 
Figure 6. Elkhorn Creek QUAL2K Calibration TN Model Output  
 

 
Figure 7. Elkhorn Creek QUAL2K Calibration TP Model Output  
 



 

 
Figure 8. Elkhorn Creek QUAL2K Calibration Dissolved Oxygen Model Output  
 
Critical Condition Model for Effluent Concentration Recommendations  
Effluent concentration recommendations are based on critical condition model outputs. The critical 
condition model represents water quality when effluent from the proposed Project Green outfall 
discharges at design flow, Elkhorn Creek is at 7Q10 low flow conditions and water temperatures are 
at levels typical for the warmest month of the year. Critical condition water temperatures at the 
headwaters were based on the sample data collected on July 11, 2018. Inflow values for the 
headwater reach, unnamed tributary, and Little Elkhorn Creek were adjusted to 7Q10 levels 
acquired from the USGS StreamStats website for each subwatershed (shown earlier in Figure 2). All 
other rates and formulae were retained from the calibration model except for a reduction in the 
diffuse abstraction in Reach 1 needed to avoid a negative flow error. 
 
Multiple critical condition models were developed to capture the proposed design flow range of 
24,000 - 34,000 gpd for the domestic system. Effluent concentration inputs for these models are 
summarized in Table 6. The final modeled effluent concentrations shown earlier in Tables 1 and 2 
are derived from these model inputs. Effluent concentrations of 51.3 mg/L TN and 12.6 mg/L TP 
are representative of untreated domestic wastewater; if the effluent does not exceed these modeled 
effluent concentrations, then the discharge will not cause or contribute to the DO impairment. 
 
 
 
 
 
 
 
 



 

Table 6. Critical Condition QUAL2k Model Inputs and DO Results for Project Green 
Proposed Discharge 

Relevant 
Table (pages 2-
3 of this report) 

Modeled Effluent Concentrations Resultant In-
stream Minimum 

DO mg/L 
Flow 
GPD 

DO 
mg/L 

CBODu* 
mg/L 

TN 
mg/L 

TP 
mg/L 

Table 1        24,000               5  19.7 51.3 12.6 5.09 
Table 2        34,000               5  19.7 35 12.6 5.00 

* QUAL2K requires inputs be entered as ultimate CBOD (CBODu). For this analysis the following conversions were 
used:  [CBOD5 = BOD5/1.29]       [CBODu = CBOD5/(1-e-kt)] where k = 0.1 and t = 5 days. 
 
The critical condition models also indicated that an effluent temperature of 80.6 F° for the domestic 
system will be protective of temperature criteria in Elkhorn Creek. These effluent concentrations are 
expected to be protective of Missouri’s water quality standards and result in attainment of 
Missouri’s DO criterion and temperature criteria. This is confirmed by the QUAL2K models 
producing results showing DO equal to or greater than 5.0 mg/L across all stream reaches during 
critical low-flow conditions in all modeled scenarios. These recommended effluent concentrations 
were developed using appropriate conservative assumptions and best professional judgement. The 
department will maintain copies of all modeled scenarios and can provide them upon request.  
 
 
 
 
 
 
 
 



 

APPENDIX D: STREAMSTATS LOW FLOW REPORT 
 

 



 

 
 



 

APPENDIX E: GEOHYDROLOGIC EVALUATION 
 

 



 

 



 

 
 



 

APPENDIX F: NATURAL HERITAGE REVIEW 
 

 



 

 



 

 



 

 



 

 



 

 
 



 

APPENDIX G: U.S. FISH & WILDLIFE SERVICE INFORMATION FOR PLANNING AND 
CONSULTATION REPORT 
 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 
 



 

APPENDIX H: LETTERS OF SUPPORT FOR PROJECT GREEN 
 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 
 
  



 

 
APPENDIX I: ANTIDEGRADATION REVIEW SUMMARY FORMS 
 
The forms that follow contain summary information provided by the applicant.  
 

1) Antidegradation Review Summary / Request: 

 



 

 



 

 
  



 

 
2) Antidegradation Review Submittal: Voluntary Tier 2 – Significant Degradation for Domestic 

Wastewater Facilities with Design Flow Less Than 50,000 Gallons Per Day: 

 



 

 



 

 



 

 



 

 
  



 

 
3) Antidegradation: Regionalization and No-Discharge Evaluation: 
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