
What is a Mixing Zone? 
A mixing zone is an area (length and width) in the receiving water where 
the effluent from a point source discharge undergoes initial dilution 
in the receiving water. To obtain a permit for using a mixing zone, a 
discharger will need to demonstrate that water quality standards are 
met at the edge of mixing zone. In the past, state regulatory agencies 
have applied default dilution factors to estimate dilution. However, 
some states such as Massachusetts,1 Iowa,2 Oregon,3 among others, 
have started to scrutinize mixing zone dilution factors and request site-
specific studies to permit mixing zones.

MIXING ZONE ANALYSIS:

Take Control of Permit Limits

Mixing Zone Analyses Can Reduce Costs of Compliance 
Water quality standards can result in overly stringent effluent permit limits and subsequent treatment upgrades that do 
not improve water quality. The Clean Water Act offers flexible approaches that are not always fully used. Some permit 
writers may be reluctant to initially consider these approaches, resulting in cost-prohibitive treatment plant upgrades to 
meet instream water quality standard at the end of the pipe. The use of mixing zones in receiving waters is an example 
of an alternative approach that provides permitting flexibility. Geosyntec’s Mixing Zone Whitepaper discusses the use of 
mixing zones and their applicability. It also provides examples of how to incorporate mixing zone principles and analysis 
into the permit process to reduce overall treatment complexity and capital and operations & maintenance costs while still 
meeting instream standards. 
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Definition of Mixing Zone (US EPA) 
A mixing zone serves to limit the area of degradation of water quality to protect the aquatic life and other beneficial uses 
such as fishing, contact recreation, and aesthetics (US Environmental Protection Agency) . Requirements to allow a mixing 
zone vary from state to state, but are generally prohibited in effluent-dominated streams. Mixing zone requirements must 
be met during the low flow conditions. Other factors that could affect the allowance or size of a mixing zones are critical 
habitat, municipal water intakes, and overlapping mixing zones. 

Steps in a Mixing Zone Analysis 
In advance of the permit application, permittees should:

• Determine the likelihood that water quality standards cannot be met at the point of discharge
• Evaluate alternatives to expensive treatment plant upgrades
• Select appropriate data and analyses required to assess compliance alternatives
• Develop a comprehensive strategy to address permit writer concerns to accept mixing zone allowances

Generally, the first step in a mixing zone analysis is identifying the water quality constituents of interest and purpose of the 
associated criteria such as protecting aquatic life or recreational use. The second step is evaluating the characteristics 
of the effluent and receiving stream. This includes understanding the magnitude and duration associated with the criteria 
for the water quality constituents of interest. A review of local and state regulations on mixing zones, as well as a review of 
the previous permits, is also conducted to assess if a mixing zone would be permitted for the current discharge. In most 
cases, additional data collection will be necessary. 

Once it is established that a mixing zone is permissible under the current regulations, a study plan is developed to 
conduct the mixing zone analysis. This study plan should be approved by the permitting state agency. The study plan 
requires knowledge and understanding of not only the modeling tools to be employed but also the practicality of acquiring 
credible data. A well-developed study plan will guide the collection of data and help ensure that data meet or exceed 
minimum data collection quality standards. This is achieved through use of innovative methods (e.g. tracers) and state of 
the practice equipment (e.g. Acoustic Doppler Current Profilers, among others). The data will be used to create a near-
field model of the mixing zone and surrounding area. 

Modeling Tools: Use the Right Tool 
Near-field models are used to estimate the 
dilution of a discharge plume as it travels 
downstream of the point of discharge. The 
model can be used to assess whether water 
quality standards can be met through Best 
Management Practices (BMPs) or use of 
diffusers in the river. Examples of near-field 
models include Cornell Mixing Zone Expert 
System (CORMIX), Visual Plumes, and 
Computation Fluid Dynamics (CFD) models. 
CORMIX is the mostly widely used model 
applicable to standard discharge designs 
and channel profiles. CFD is used for non-
standard discharges, complex channel or 
receiving water cases, and interactions with 
other discharges. Examples of non-standard 
flow conditions include the use of a multiport 
diffuser in the direction of flow or a sharp 
bend in the river at the point of the discharge. 
The appropriate model needs to be selected 
based on the site-specific conditions and 
regulatory acceptance.
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Geosyntec Mixing Zone Specialists 
Our mixing zone specialists provide clients with strategic and technical support for regulatory negotiations, discharge 
permit conditions, modeling, and data analyses.

1 Massachusetts surface water quality standard. Implementation policy for Mixing Zones. January 1993 
2 Iowa Administrative Code IAC, Chapter 61, Water Quality Standard. 8/3/16
3 Oregon Department of Environmental Quality. Water Pollution Division 41. Water Quality Standards: 
Beneficial Uses, Policies and Criteria for Oregon

Case Studies 
Geosyntec assisted a confidential power plant client in Iowa which discharges cooling water 
to a small tributary. The tributary was reclassified as a fishable and swimmable waterbody 
by the Iowa Department of Natural Resources (IDNR). As a result, the state issued stringent 
aluminum and temperature limits in the draft operating permit. 

Our mixing zone results should save the client about $3.5M in unnecessary treatment 
plant upgrades.  

Geosyntec performed a mixing zone analysis using CORMIX software to assess the benefits of 
pursuing a site-specific mixing zone allowance and diffusor installation. The results indicated 
that the instream water quality standard could be met using a diffuser. IDNR approved 
Geosyntec’s mixing zone modeling results. The client expects to save over $3.5 million in 
infrastructure and process modification costs as a result of the mixing zone analysis.

Geosyntec is also evaluating a new lime residuals discharge into a river from a drinking 
water plant looking to expand capacity to meet future demand. Obtaining a mixing zone for surface water discharge will 
eliminate the cost of transportation and landfill disposal of residual lime sludge.    
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